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Purpose. Quantitative scintigraphy to evaluate salivary gland function changes in patients with differentiated thyroid cancer
(DTC) after iodine-131 (**'I) treatment. Methods. A total of 458 patients with DTC grouped by sex and age were included. Salivary
gland scintigraphy was performed to evaluate salivary gland function before and after '*'I treatment. The uptake fraction (UF),
uptake index (UI), and excretion fraction (EF) of two pairs of parotid glands and submandibular glands were measured and
compared. The Chi-square test was conducted according to function impairment count. Results. Salivary gland function in
different age groups and sexes were quite different, especially for women <55 years old, who had decreased UF, UL and EF of all
four glands without basal injury. The secretion or uptake function of some salivary glands with basic function impairment before
3 treatment was increased after iodine treatment. Only a small percentage of males showed reduced functional parameters after
several treatments. The most significant difference in the count of impairment for the four salivary glands were the first and third
examinations, which was more evident in women. The submandibular gland had the most significant reduction in uptake.
Conclusion. Changes in salivary gland function are more common in young females being treated for DTC. Impairment of salivary
gland function is correlated with the number of treatments and the cumulative dose of '*'I. Some salivary gland functions
impaired before '*'I treatment were enhanced in the early treatment.
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1. Introduction

Differentiated thyroid cancer (DTC) is a common endocrine
malignancy. According to statistics, 900,590 people were
diagnosed with thyroid cancer in the United States. 52,070
people are expected to be diagnosed with thyroid cancer in
2019 [1]. Surgical treatment of thyroid cancer followed by
removal of residual thyroid using iodine-131 ') is a
common treatment approach, but *'T can induce salivary
gland damage [2-4]. "°'T is absorbed on the membranes of
thyroid follicular cells and cancer cells through the reactive
sodium iodide transporter (NIS) [5]. Salivary glands
expressing NIS can also absorb '*', and the accumulation of
salivary gland "*' is about 30 to 40 times that of plasma levels
[6]. The radiation dose of high-concentration 1317 is sufficient
to cause salivary gland damage and affect their function [7].

Salivary gland dysfunction is mainly reflected in de-
creased saliva secretion. Saliva is essential for the preser-
vation of oral health. Saliva’s functions include buffering,
lubricating, mineralizing, and cleaning oral tissues [8]. Saliva
also has antibacterial, antiviral, and antifungal properties [9].
Changes in the quantity or quality of saliva can affect the
integrity of the oral tissues leading to the appearance of
conditions like dental caries, periodontal diseases, and
various other oral and pharyngeal disorders [10, 11]. In
addition, salivary gland dysfunction is characterized by
difficulty swallowing, dental disease, and loss of taste. DTC
patients who had one or more "*'I treatments may expe-
rience the above discomfort [12-14]. Their quality of life was
affected. Therefore, determining and protecting salivary
gland function in DTC patients should not be ignored. There
are many examinations to assess salivary gland function,
including salivary gland scintigraphy with **™Tc-pertech-
netate [3, 4, 15], neck ultrasonography [16], salivary flow rate
measurement of the whole or individual gland [17]. 99mTe.
pertechnetate is commonly used in hospitals. Because it can
quantify the uptake or secretory from individual salivary
glands and calculate their function [18-20].

Through salivary gland scintigraphy, we found that some
patients had impaired salivary gland function before "'I
treatment. We defined it as an impairment of the basic
function of the salivary glands. The Impairment of basic
function could be associated with different factors, including
Sjogren syndrome [21, 22], salivary gland obstructive disease
[23], salivary gland infection [24], obesity and diabetes
[25, 26], aging [27, 28] and so on. The changes in the salivary
gland’s function in these patients after "°'I treatment are
worth discussing.

This study aimed to analyze the changes in salivary gland
uptake and excretion function following '*'I treatment. And
to study the relationships between the function change and
different genders, age groups. The results provide clinical
guidance for the protection of salivary function in DTC
patients undergoing "*'I treatment.

2. Materials and Methods

2.1. Patients. A retrospective analysis of the hospital files
from the Department of Nuclear Medicine of Tianjin
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Medical University General Hospital was in this study. The
salivary gland scintigraphy parameters and inpatient treat-
ment database of DTC patients from the hospital were used.
We reviewed information for DTC patients who received
P therapy from November 2014 to December 2018. All
enrolled patients had two or more pre-hospital scintigraphy
of salivary glands. A total of 458 patients with DTC grouped
by sex and age were included. Patients with the above in-
formation missing were excluded. Total thyroidectomy was
performed for all patients by thyroid surgeons, and DTC was
diagnosed by postoperative pathology. According to the
ATA Guidelines, we selected N1b or M1 DTC patients [2].
All patients received '*'I treatment 6 weeks postoperatively.
Before treatment with ', patients were advised to have a
low-iodine diet for 3 weeks. After the first radioiodine
treatment, patients in the study received one or more
radioiodine treatments. Salivary gland function parameters
were recorded by 370 MBq (10 mCi) **™Tc-Pertechnetate
salivary gland scintillation before '*'I treatment. The interval
between each treatment was ~6 months. The protocol for
evaluating salivary gland scintigraphy is shown in Figure 1.
Patients with residual thyroid tissue were given 2.96 to 5.55
GBq (30-150 mCi) dosages for each treatment [2, 29].

2.2. Salivary Gland Imaging Protocol. According to our
previous reports, pre-ablation salivary gland imaging was
performed under thyroid-stimulating hormone (TSH)
stimulation in the morning, 4h before the first *'I intake
[3, 4]. Patients were asked to fast before salivary gland
imaging. Single-photon emission computed tomography
was performed on a Discovery NM/CT 670 (General Electric
Medical Systems, Chicago, IL, USA) while subjects laid on
their back. A low-energy, parallel hole, high-resolution
collimator was used with a peak value of 140keV and a
window width of 20%. Each patient received 370 MBq
#’MTc-pertechnetate intravenously through the cubital vein.
After injection, the dynamic images were continuously shot
on a 256 x 256 matrix at minute/frame with zoom 1.5 for 15
minutes. The patients were given 0.2 g oral vitamin C at the
8th minute after injection; they were instructed to chew
quickly and then keep the tablet under the tongue for about 1
minute. To accurately calculate the delivered radioactivity
dose, we measured the radioactivity count in the syringe
before and after the injection. Patients underwent a radio-
nuclide scan as described above before every '*'I treatment.
Salivary gland imaging was also performed under TSH
stimulation.

2.3. Image Analysis. First, circular regions of interest (ROIs)
were manually drawn on the parotid and submandibular
glands. Parotid glands showed a similar unified background
area in the bilateral temporal-orbital region, while sub-
mandibular glands appeared as a similar unified background
area in the bilateral supraclavicular region. The sizes and
positions of these ROIs remained the same for each scanning
session. An imaging system was used to generate time-ac-
tivity curves for *™Tc-pertechnetate uptake and excretion in
counts per minute. Based on these ROIs counts and the
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treatment N=458

DTC patients had first salivary glandular scintillation before

DTC patients had second salivary glandular scintillation before

treatment N=458 (100%)

Male<55 years
N=89

Male>55 years
N=34

Female<55 years
N=257

Female>55 years
N=78

No futher salivary imaging performed
N=339

DTC patients had third salivary glandular scintillation before

treatment N=119 (30%)

Male
N=31

Female
N=88

( No futher salivary imaging performed

N=105

DTC patients had fourth salivary glandular scintillation before

treatment N=14 (3%)

FIGURE 1: Case follow-up process. Salivary glandular scintillation imaging data were collected from DTC patients before the first, second,
third, and fourth "' treatments. The group was compared according to the number of patients in each treatment course.

subsequent time-activity curves, the salivary gland func-
tional indicators were derived using the following modified
formulas [3, 4, 30, 31] (Figure 2):

2.3.1. Uptake Fraction (UF). UF = (salivary gland maximum
count minute-salivary gland background count corre-
sponding to maximum count minute)/(count in the syringe
before injection-count in the syringe after injection)

2.3.2. Uptake Index (UI). Ul=(salivary gland maximum
uptake count minute-salivary gland background count
corresponding to maximum uptake count minute)/salivary
gland background count corresponding to maximum uptake
count minute

2.3.3. Excretion Fraction (EF). EF = (salivary gland maxi-
mum uptake count minute-salivary gland minimum uptake
count minute after vitamin C)/salivary gland background
count corresponding to maximum uptake count minute

UI and UF reflect the uptake function of salivary glands,
while EF reflects the secretion function.

2.4. Diagnostic Criteria for Salivary Gland Function.
Salivary gland function impairment was established based
on the diagnostic criteria of the Department of Nuclear
Medicine, Tianjin Medical University General Hospital, with
reference to previous studies and modified in our institute
[18, 19, 32, 33]. Parameters obtained by salivary scintigra-
phy, the peak uptake (maximum salivary gland uptake
count/second count at peak uptake) was set to <50 counts/s
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FIGURE 2: Physiological uptake and excretion of *™Tc-pertechnetate in parotid and submandibular salivary glands detected by dynamic
salivary gland scintigraphy. (a) A clear depiction of the ROIs and ROISs of the salivary and mandibular glands was obtained from all frames.
(b) The parotid gland was in the bilateral temporal-orbital region, and the mandibular gland was in the bilateral supraclavicular region to
draw similar background areas, and the background ROIs count was recorded. (c-d) Time-activity curve of each salivary gland. The ordinate
of a; a, corresponds to the maximum minute count of each salivary gland. The ordinate of bl- b4 corresponds to the count of each salivary

gland at the minimum uptake minute after vitamin C.

with reduced intake function, and EF was set to <30% with
reduced secretory function. A reduced diagnosis of either or
both of these above salivary glands is dysfunction. The
patients with salivary gland dysfunction before the first
admission were those with impaired basic salivary gland
function.

2.5. Statistical Analysis. All data for males and females were
analyzed separately and are presented as either mean-
+standard deviation or median (upper quartile, lower
quartiles). Statistical analysis was performed by using Sta-
tistical Package for Social Sciences (SPSS version 25.0, IBM
Corp., Armonk, NY, USA) software. Mann-Whitney U tests
were used to compare values of the same patient before and
after the first treatment. Kruskal-Wallis tests were per-
formed to evaluate and compare salivary gland function in
patients who underwent multiple "*'T treatments. After

dividing men and women into separate groups, the distri-
bution of salivary gland injuries before the first treatment
and before the second to fourth treatments were analyzed by
chi-square test.

3. Results

Among the 458 patients, most (72.9%) were female with a
mean age of 46 + 12 years (range 14-76 years). The lowest
and highest doses of '*'T were 30 and 550 mCi, respectively.
Patient demographic data are summarized in Table 1.
From the scintigraphy examinations, the analysis
according to age and sex groups evidenced salivary gland
function is more sensitive in females than in males. The
sensitivity of salivary gland function was ranked from large
to small, in order of <55 years female, >55 years female, <55
years male, >55 years male (p=0.05). After treatment with
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TaBLE 1: Clinical characteristics of total patients.

Characteristic Total Male Female P

Age (years) 46 +12/14-76 46 +12/22-75 45+12/14-76 0.442

Number/percentage 124/27% 334/73%

"' activity (mCi) 128 + 78/30-550 131 + 68/30-450 126 + 80/30-550 0.145

Age and "I activity are stated as median + standard deviation/range.

1311, the UI, UF, or EF values of patients without impairment
of basic salivary gland function tended to decrease. The
secretion or uptake function of some salivary glands with
basic function impairment before '*'I treatment was in-
creased after iodine treatment. Table S1 summarizes the
number of patients, age distribution, and cumulative dose
before one or more I treatments. The UL, UF, and EF of
each group were compared before and after '*'I treatment
(Tables 2-4).

We found that the difference between the first and
third injury counts of salivary gland damage on salivary
gland scintigraphy tests before hospitalization was the
most significant. There were statistically significant dif-
ferences between the four salivary glands in both the male
and female groups. It was more pronounced in the female
group (female, P = 0.001; male, P <0.05). The percentage
of damaged salivary glands increased with the number of
treatments in both sexes, while the percentage of normal
salivary glands gradually decreased (Table 5, Figure 18).
The cumulative dose of '*'I received by patients over
several treatments is shown in Figure 2S. Chi-square test
was performed to determine the relationship between the
number of patients by sex and the impairment of salivary
gland function before each I treatment (Table S2).
There was a statistical difference in the left submandibular
gland injury count between sexes before the first treat-
ment (p<0.05).

4. Discussion

Salivary gland damage is a common manifestation of DTC
patients after '>' therapy [34]. "*' is mainly concentrated in
the duct system of the salivary glands. The radiation causes
debris buildup that narrows the lumen, and this obstruction
can lead to an injurious process that results in glandular
degeneration. Salivary gland scintigraphy examination is
necessary for the objective evaluation of the reproducibility
of salivary gland function [20]. These measurement pa-
rameters mainly assess gland uptake and secretion capacity
[15, 35, 36]. We performed salivary gland scintigraphy to
identify relevant salivary gland parameters and then ana-
lyzed the factors that affect salivary gland function changes
in DTC patients after each '*'I treatment.

4.1. Sexand Age. By comparing salivary glands without basic
functional impairment, we found that functional changes
were related to age and sex. The salivary glands of younger
patients were more sensitive to "'l treatment than older
patients, and female patients were more likely to show
decreased function. Other studies have examined age- and

sex-dependent differences in salivary gland function
changes. Liu et al. assessed iodine dynamics and salivary
gland dosimetry after ''I treatment and showed that
women’s parotid iodine intake was often higher than men’s
[37]. This suggests that female salivary glands are more
susceptible to radiation, leading to decreased function fol-
lowing "' treatment. Almeida et al. found that patient sex
was associated with the uptake phase on salivary glands
scintigraphy. Intake of all major salivary gland was decreased
in men compared with women. Patient age was the strongest
predictor of parotid gland dysfunction as it affects the stage
of parotid gland uptake and elimination on salivary gland
scintigraphy [38]. Another study revealed the presence of
epidermal and nerve growth factors (EGF and NGF) in
salivary glands and described their roles in cell growth and
differentiation. They are detected at higher levels in the
submandibular glands of males than females [39], indicating
that male salivary gland cells have stronger repair and re-
generation abilities. Animal studies showed sex-attributed
differences in wound healing patterns in submandibular
glands between male and female mice. In males, the number
of convoluted tubules rich in EGF and NGF (involved in cell
proliferation and neurogenesis, respectively) was higher
than that in females [40, 41]. These sex- differences observed
in mice may help explain why the incidence of salivary gland
disease tends to be much higher in women than in men (i.e.,
approximately 9:1) [42].

4.2. Different Basic Functions. Before the first ''I treatment,

we selected patients with basic impairment of salivary gland
function. After the first '*' treatment, some salivary gland
parameters were different in the female group, with most
changes in the group younger than 55 years old. After the
second "' treatment, the bilateral submandibular gland EF
values were different in females but not males. Interestingly,
these altered functional parameters all showed an upward
trend rather than the expected decline. We consider that this
may be related to the compensatory increase in the function
of glandular cells under certain stress states. Poradovskaia
et al. showed that after ablating or removing one sub-
mandibular salivary gland in rats, the contralateral gland
responded by increasing cell proliferation with concomitant
increases in the size of the cells and nuclei by 10% and 17%,
respectively. Burlage et al. observed that pilocarpine pre-
conditioning induced proliferation of acinar and interca-
lated duct cells in rats, which could explain the observed
enhanced compensatory response in salivary glands [43].
Compensatory proliferation is a mechanism to replace lost
cells in rapidly cycling tissues [44]. After an initial singular
dose "*'T dose of 100 mCi, the salivary glands might increase
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uptake to maintain secretory function [4]. Our results are
consistent with those of the above-mentioned studies. It is
believed that salivary glands with slight damage in the basal
state have a certain compensatory function. After the initial
radiation injury, the compensatory function of gland cells is
activated by stress, manifesting as increased uptake or ex-
cretion. With the increase of radiation dose and the passage
of time after '*'I treatment, this compensatory function
gradually decreases or disappears. In this study, we also
selected uninjured salivary glands and compared the
functional parameters before and after '*'I therapy. Notably,
these salivary glands were more likely to be affected than
those that were already impaired before treatment. Most
showed functional reduction without the phenomenon of
functional compensatory increase. This provides new ideas
for clinical treatment. For example, salivary gland protection
should be strengthened during '*'I treatment, especially in
patients with normal basal function.

4.3. Different Glands. The salivary gland imaging results
after the first and second '*'I treatments showed that the
submandibular glands are more sensitive than the parotid
ones, and the most common change was a decreased UF
value representing impaired uptake. We analyzed whether
this difference was related to salivary gland cell character-
istics and salivary gland structure. Damage to the micro-
vascular endothelial cells in salivary glands caused by
radiotherapy is one of the causes of impaired gland function
[45, 46]. It leads to microvascular dysfunction and the
production of ceramide and reactive oxygen species (ROS)
that can induce gland dysfunction. ROS scavengers are used
to protect salivary gland function in radiotherapy patients
[47]. By inhibiting or eliminating aberrant oxidation reac-
tions, it is possible to reduce damage to salivary gland
function caused by radiation. One study found that levels of
salivary non-enzymatic antioxidants and antioxidant en-
zymes in the saliva secreted by the parotid gland were higher
than those secreted by the submandibular salivary glands
[48]. Therefore, salivary gland function changes due to
parotid microvascular injury are not as serious as those
caused by submandibular microvascular injury. Another
group showed that the saliva-to-serum '*'I concentration
rates in the parotid gland of mice and humans were 0.59 and
4.6, espectively, while those in the submandibular gland were
5.1 and 6.9 [49]. The '*'1 concentration was higher in the
submandibular glands of both species. An investigation
showed that murine duct cells in the different salivary glands
varied greatly in their ability to concentrate iodide, so it
could be shown that "*'T was mainly concentrated in the
ducts of the submandibular glands in mice, with lower levels
in the parotid gland and very little in sublingual gland ducts
[50]. Because of their ability to concentrate 1317 the sub-
mandibular glands are more susceptible to radiation
damage.

After the first "°'I treatment, we performed a second
scintigraphy scan. We found that the males younger than 55
and females older than 55 showed a tendency of decreased
function of the left parotid gland compared to the right

Journal of Healthcare Engineering

parotid gland. The differential changes in the left and right
glands after radiation have been reported in several studies
and may be due to the asymmetric concentration of ra-
dioactive iodine in the salivary glands [3, 15, 31].

4.4. Treatment Frequency and ">'I Dose. The Chi-square test
showed that the difference between the number of damaged
and undamaged salivary glands in males and females in-
creased significantly with the increase of treatment times,
and the percentage of damaged glands also increased
gradually. The number of treatments was correlated with the
B cumulative dose. A correlation between radiation dose
and salivary gland dysfunction was previously reported
[51, 52]. A salivary glandular scintillation imaging study
showed that ~30% of salivary parenchymal function was lost
following a single "*'I dose of 6 GBq (162 mCi), with a
cumulative dose of 35 GBq (945 mCi) resulting in complete
loss of glandular function [53]. Parthasarathy and Crawford
argued that significant side effects were rarely seen at doses
<3.7 GBq (100 mCi) [54].

5. Limitations

Our results should be considered in the context of some
limitations. First, this was a retrospective study with no
survey to assess patient symptoms and signs, so it was not
possible to add more conditions (e.g., dry mouth, difficulty
swallowing, loss of taste) for case screening. Second, there
was a small number of patients, especially among the group
treated more than four times, which limited our analysis of
salivary gland function in patients with DTC treated for
more than 2-3 years. Third, clinical parameters and test data
of some patients were missing. Finally, the lack of significant
findings in males maybe because they only accounted for
27% of the study cohort.

6. Conclusions

This study quantitatively compared salivary scintigraphy
parameters in DTC patients after multiple '*'I treatments.
Salivary gland function sensitivities are quite variable in
different ages and sexes, with the highest sensitivity in
women younger than 55. After treatment, the uptake or
secretion function of some salivary glands with impaired
basic function increased. Decreased salivary gland function
is significantly related to the number of '*'I treatments and
the cumulative dose. The parotid glands have the most
significant reduction in uptake.

Data Availability

The data generated in the study are included in this article.
The database is available upon request.

Disclosure

XL and LY are co-first authors. ZM and YW are co-cor-
responding authors.



Journal of Healthcare Engineering

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

XL and LY contributed equally to the study. ZM and YW
contributed equally to the study.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China grants (#81571709 and #81971650 to
Zhaowei Meng, #81872169 to Xianggian Zheng) and the
design of this research was funded by the Key Project of
Tianjin Science and Technology Committee Foundation
grant (#16JCZDJC34300 to Zhaowei Meng), Tianjin Science
and  Technology = Committee  Foundation  grants
(#19JCYBJC27400 to Xiangqgian Zheng), Tianjin Medical
University General Hospital New Century Excellent Talent
Program (to Zhaowei Meng), Young and Middle-aged In-
novative Talent Training Program from Tianjin Education
Committee (to Zhaowei Meng), and Talent Fostering Pro-
gram (the 131 Project) from Tianjin Education Committee
and Tianjin Human Resources and Social Security Bureau
(to Zhaowei Meng).

Supplementary Materials

Table S1 summarizes the number of patients, age distri-
bution, and cumulative dose before one or more 1
treatments. Table S2: Chi-square test was performed to
determine the relationship between the number of patients
by sex and the impairment of salivary gland function before
each '*' treatment. There was a statistical difference in the
left submandibular gland injury count between sexes before
the first treatment (p <0.05). Figure S1: The percentage of
damaged salivary glands increased with the number of
treatments in both sexes. Figure S2: The cumulative dose of
I received by patients over several treatments. (Supple-
mentary Materials)
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