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Long-Term Effects of Radioiodine Treatment on Salivary
Gland Function in Adult Survivors of Pediatric Differentiated

Thyroid Carcinoma

Tharsana Selvakumar!, Marloes Nies*!, Mariélle S. Klein Hesselink*!, Adrienne H. Brouwers2, Anouk N.A. van der
Horst-Schrivers!, Esther N. Klein Hesselink!, Wim J.E. Tissing3, Arjan Vissink#, and Thera P. Links' on behalf of the

Dutch Pediatric Thyroid Cancer Study Consortium

!Department of Endocrinology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands;
2Department of Nuclear Medicine and Molecular Imaging, University Medical Center Groningen, University of Groningen,
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University of Groningen, Groningen, The Netherlands; and *Department of Oral and Maxillofacial Surgery, University Medical
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Pediatric differentiated thyroid cancer (DTC) is a rare disease. Initial
treatment of DTC consists of a total or near-total thyroidectomy and
131] therapy. Previous studies on adults showed that 37| treatment
may reduce salivary gland function (SGF). Studies regarding SGF in
children treated for DTC are sparse. Our aim was to assess the
long-term effects of 131 treatment on SGF in survivors of pediatric
DTC. Methods: In a nationwide cross-sectional study, SGF in pa-
tients treated for pediatric DTC between 1970 and 2013 (>5 y after
diagnosis, =18 y old at the time of evaluation) was studied. SGF
was assessed by sialometry, sialochemistry, and a xerostomia in-
ventory. Salivary gland dysfunction (SGD) was defined as an unsti-
mulated whole saliva flow of no more than 0.2 mL/min or a
stimulated whole saliva flow of no more than 0.7 mL/min. Results:
Sixty-five patients underwent 3| treatment (median age at evalua-
tion, 33 y, with an interquartile range [IQR] of 25-40 y; 86.2% fe-
male; median follow-up period, 11y, with an IQR of 6-22 y). Median
cumulative 37| activity was 5.88 GBq, with an IQR of 2.92-12.95
GBq, and 47.7% underwent multiple '3'l administrations. SGD was
present in 30 (47.6%) patients. Levels of amylase and total protein in
saliva were reduced. Moderate to severe xerostomia was present in
22 (35.5%) patients. Stimulated salivary secretion was lower and the
severity of xerostomia complaints higher in patients treated with
higher cumulative 31 activity. Conclusion: In survivors of pediatric
DTG, clinically significant SGD was found in 35.5% and was related
to the cumulative 13'| activity of the treatment.
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Differentiated thyroid carcinoma (DTC) is the most common
type of endocrine malignancy during childhood, and its incidence is
increasing (/). Until recently, all pediatric patients were treated with
1317 as part of the initial treatment of DTC. According to the recently
published pediatric management guideline by the American Thyroid
Association, '3 treatment is indicated only when residual thyroid
tissue is present after thyroidectomy or to treat locoregional and
distant metastases (2). This guideline shows a trend toward reduced
1317 activities, based on recent insights that pediatric DTC differs from
that in adults and on previous studies showing several adverse effects
after 13'T treatment (3-8). One of these adverse effects is salivary
gland dysfunction (SGD), reported in 16%—54% of adult patients (9).

Several theories propose to explain '3'1 treatment-induced SGD.
The '3'T uptake through the sodium-iodine symporter in salivary gland
striated ducts is most likely responsible for the involvement of salivary
glands in the adverse effects of 13! treatment (/0). The accumulation
of 311 in salivary glands exposes the cells to the emitted B-radiation,
causing luminal debris, resulting in narrowing and finally obstruction
of ducts (5). This obstruction may cause an inflammatory reaction
resulting in sialadenitis, characterized by pain and swelling. Another
theory proposed that the (-radiation itself causes an inflammatory
reaction, resulting in an increased periductal pressure, leading to nar-
rowing of ducts and subsequently retention of saliva (/7).

Markers that may reflect salivary gland function (SGF) are sal-
ivary flow rates, alterations in salivary composition, and oral com-
plaints related to reduced salivary secretion (hyposalivation),
especially the feeling of dry mouth (xerostomia). Unstimulated
whole salivary secretion (UWS) is the flow of saliva in resting,
speaking, or sleeping states. Stimulated whole salivary secretion
(SWS) is the flow while eating and swallowing. Hyposalivation
can result in xerostomia. Alterations in salivary composition can
indicate sialadenitis or acinar dysfunction.

Previous studies on adults focused mainly on either qualitative
(8,12,13) or quantitative data on SGF (/4-16). In pediatric DTC
patients, only one study has retrospectively evaluated early and
late adverse effects of 13! treatment by reviewing medical reports,
showing SGD to be present in 1.9% of the patients, but without
defining SGD (8). The severity of damage to the salivary gland in
children, compared with adults, either could be greater because of
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their relatively higher exposure to '3'T or could be more limited
because of their higher regenerative potential. The impact of 311
treatment on the salivary glands in pediatric patients can be more
precisely determined when quantitative data on SGF are available.
The aims of this cross-sectional study were to quantitatively
assess the long-term effects of '3'1 treatment on the SGF in sur-
vivors of pediatric DTC, as well as to analyze the prevalence of
SGD in this population. In addition, we evaluated patient and 13'1
treatment characteristics related to an increased risk of SGD, as
well as xerostomia complaints in relation to salivary flow rates.

MATERIALS AND METHODS

Design and Study Population

This study is a substudy of a multicenter cross-sectional follow-up
study assessing the outcome and long-term effects of pediatric DTC in
The Netherlands. In this nationwide follow-up study, all patients 18 y old
or less diagnosed with DTC between January 1970 and August 2013 were
eligible to participate (/7). Exclusion criteria for this substudy were an age
less than 18 y at the time of this study, follow-up for less than 5 y after the
last 13T treatment, DTC as a secondary malignancy, history of external-
beam radiation therapy, and no initial treatment with '3!T or missing data
on administered '3'I activities. All patients were asked to participate in a
clinical evaluation involving collection of saliva samples and to complete
a xerostomia inventory (XI) (/8). The study was approved by the Medical
Ethical Committee of the University Medical Center Groningen (ABR
NLA40572.042.12) and registered at The Netherlands National Trial Reg-
istry (NTR3448). Permission was granted by the board of directors of all
participating centers, and all subjects provided written informed consent.

Data Collection

Medical records of patients were used to retrieve data on patient
characteristics (sex, age at diagnosis, clinical course, and follow-up
time), diagnosis, and treatment. Original pathology reports provided
data on tumor characteristics (subtype DTC, TNM classification,
lymph node involvement). Reports from the Department of Nuclear
Medicine provided data on '3'I treatment (number of '3'I administra-
tions and cumulative activity). During the 13'I treatment, no protective
measures regarding SGF were used.

Study Definitions

Age at diagnosis was defined as the patients’ age on the date of
histologic confirmation of DTC. At the time of evaluation, the seventh
edition of the TNM stage system was valid and used to reclassify the
tumor stage (/9). All activities that were at least 0.93 GBq, irrespec-
tive of ablative, therapeutic, or diagnostic application, were included
in the calculation of the cumulative 3'1 activity. Follow-up time was
calculated from the date of the last '*'I treatment until the date of
collection of the saliva samples. Remission was defined as the absence
of clinical, scintigraphic, or radiologic evidence of disease and an un-
detectable serum level of thyroglobulin under thyroid-stimulating hor-
mone suppressive therapy for at least 1 y after the last '3'T administration.
SGD was defined as a UWS of no more than 0.20 mL/min or an SWS
of no more than 0.70 mL/min based on previous studies (20-22).
Sialadenitis was assessed by studying concentrations of sodium, chlo-
ride, or proteins in agreement with previous studies (5,23).

Saliva Collection

During the clinical visit, UWS and SWS were collected. Patients
were not allowed to stimulate the salivary flow 90 min before saliva
was collected, that is, by drinking, chewing, brushing their teeth, using
mouthwash, or smoking. Saliva was collected between 9 and 12 am
to minimize the impact of circadian fluctuations during the day.

31T FrrecTs ON SALIVARY GLANDS IN DTC

Salivary flow rates were calculated by dividing the weight of the
collected saliva (g) by the collecting time (min).

UWS. UWS was collected using the drooling method, that is, the
patient was allowed to accumulate the saliva in the mouth for 5 min,
after which it was passively drained into a preweighed cup.

SWS. SWS was collected after the patient had chewed on a 2.5 X 2.5 cm
piece of Parafilm (Brand Inc.) for 10 min (masticatory method). At 1-min
intervals, the patient expelled the accumulated saliva in a preweighed cup.

Sialochemistry

Sialochemical analyses were performed on the saliva samples col-
lected during the clinical visit. Sodium and potassium were quantified
using atomic emission spectrometry (Thermo Fisher Scientific, Inc.).
Chloride, amylase, and total protein were measured using a modular
analyzer (Roche). For patients from whom no or minimal saliva could
be collected, sialochemical analyses could not be performed.

Xl

Xerostomia-related complaints were evaluated using the XI, a
validated questionnaire to assess the severity of xerostomia symptoms
(18). The XI consists of 11 items that can be individually scored on a
5-point Likert scale. Patients were asked to choose 1 of 5 possible
responses for each item (scoring 1, never; 2, hardly ever; 3, occasion-
ally; 4, fairly often; or 5, very often) considering the preceding 4 wk.
Finally, the score of each individual item was tallied into a scale score,
ranging from 11 to 55 points. Patients were classified into 3 categories
(11-23 points: no to mild complaints, 24-39 points: moderate to
severe complaints, 40-55 points: severe to extreme complaints) based
on their total XI score. When one of the items of the XI was acciden-
tally unanswered, patients were excluded from analysis.

Statistical Analysis

All data were collected and analyzed using IBM SPSS Statistics,
version 23, for Microsoft Windows. Categoric data were presented as
numbers with percentages, and numeric data were presented as medians
with interquartile ranges (IQRs) if the distribution was not normal.
Correlation between markers of the SGF (salivary flow rate, XI score, and
sialochemical outcomes) and patient and treatment variables (cumulative
31T activity, age at evaluation, and follow-up time) were tested using
Spearman p. The Mann—Whitney U test was performed to test the statis-
tical significance of nonnormally distributed variables. All P values were
tested 2-sided, and a P value of 0.05 or less was considered statistically
significant. Odds ratios for exhibiting SGD were calculated with 95%
confidence intervals. Consistent statistically significant variables in uni-
variate analysis were entered into the multivariate logistic regression anal-
ysis to explore the association of these variables with SGD.

RESULTS

Patients

One hundred five survivors of pediatric DTC were included in
the nationwide follow-up study (/7), of whom 73 were eligible for
this substudy. Six patients declined to participate, and the written
informed consent of 2 additional participants was received too late
to include them in the clinical evaluation. Therefore, 65 patients were
included. Two patients declined to participate in the clinical evalua-
tion and were therefore included only in the evaluation of the XI
score (Fig. 1). The median age of the participants at the time of
diagnosis was 15 y, with an IQR of 13-17 y, and 56 (86.2%) were
female (Table 1). Patients took part in the study after a median
follow-up time of 11 y, with an IQR of 6-22 y, and had a median
age of 33 y at the time of clinical evaluation, with an IQR of 25-40 y.
Approximately half the patients (47.7%) had been treated with
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Included in the nationwide
follow-up study
N=105

ii

< 5 years after diagnosis (n = 22)
DTC as a secondary malignancy (n = 4)
< 18 years at evaluation (n = 2)
Not treated with ™'l therapy (n=2)
31) activities not reported (n = 1)

Eligible for this substudy
N=73

}7

Declined to participate (n = 6)
Late for inclusion (n = 2)

Included in this substudy
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patient (1.6%) had severe to extreme complaints (Table 4). The total
XI score was significantly associated with cumulative 3'T activity
(r = 0.285, P = 0.025) and total number of '3'I administrations
(r = 0.285, P = 0.043). Patients treated with multiple '3'I adminis-
trations and cumulative activities of 3.7 GBq or more had significantly
higher total XI scores (P = 0.025 and P = 0.041, respectively).

Correlation of Clinical Signs and Salivary Secretion
The XI score was not statistically significantly related to the
UWS or the SWS (Supplemental Fig. 1).

Declined to participate
— in the clinical evaluation
(n=2)

Excluded because of | |
missing answers (n = 3)

Included for sialometry and
chemistry
N=63

Included in the XI
N=62

FIGURE 1. Flowchart of inclusion in this study.

multiple 31 administrations. The median cumulative 3'T activity ad-
ministered was 5.88 GBq, with an IQR of 2.92-12.95 GBq (Table 2).

Sialometry

Median UWS was 0.26 mL/min, with an IQR of 0.18-0.37
mL/min, and median SWS was 0.78 mL/min, with an IQR of
0.64-1.12 mL/min. UWS and SWS were significantly correlated
(r = 0.556, P < 0.001). Twenty-one patients (33.3%) had a UWS
of 0.20 mL/min or less, and SWS was also 0.70 mL/min or less in 21
patients (33.3%). According to our definition, 30 patients (47.6%)
had SGD. Age at time of evaluation was significantly associated with
UWS (r = —0.259, P = 0.041) but not with SWS (r = —0.037, P =
0.771). Sex did not significantly contribute to differences in salivary
flow rates (Supplemental Table 1; supplemental materials are avail-
able at http:/jnm.snmjournals.org). Cumulative '3'T activity was sig-
nificantly associated with SWS (r = —0.287, P = 0.023) but not
with UWS (r = —0.057, P = 0.655) (Fig. 2). No significant differ-
ences were found in UWS and SWS between patients treated with
single and multiple '3'I administrations (Supplemental Table 1). Pa-
tients treated with cumulative activities of 7.4 GBq or more had
significantly lower SWS. Moreover, patients treated with multiple
1311 administrations had a higher odds of developing SGD (odds ratio,
3.00; 95% confidence interval, 1.07-8.39; P = 0.036).

Sialochemistry

Sialochemical outcomes are shown in Table 3. Only potassium
and amylase levels in SWS were significantly associated with cu-
mulative 13T activity and number of 3T administrations. In UWS,
no sialochemical levels were associated with cumulative '3'1 activ-
ity or number of '3!I administrations. Patients treated with cumu-
lative activities of 7.4 GBq or more had significantly lower levels of
total protein and amylase in SWS (Supplemental Table 1).

Xl

The median total XI score was 22, with an IQR of 16-26. The
lowest individual total XI score was 11, and the highest was 40.
The highest median XI scores were for the items “my lips feel
dry” and “my mouth feels dry” (Supplemental Table 2). Thirty-nine
patients (62.9%) had no to mild complaints. In total, 22 patients
(35.5%) had moderate to severe xerostomia-related complaints, and 1

TABLE 1
Baseline Characteristics of the 65 Included Patients
at Diagnosis
Characteristic Data
Sex (n)
Female 56 (86.2)
Male 9(13.8
Age at diagnosis
Median (y) 15
IQR (y) 13-17
<12 (n) 7 (10.8)
=12 (n) 58 (89.2)
Histology (n)
PTC 53 (81.5)
FTC 12 (18.5)
Lymph node metastasis (n)
Yes 39 (60.0)
No 16 (24.6)
Unknown 10 (15.4)
TNM classification (n)
T stage
T1 22 (33.8)
T2 18 (27.7)
T3 9 (13.8)
T4 4(6.2)
Tx 12 (18.5)
N stage
NO 29 (44.6)
N1 30 (46.2)
Nx 6 (9.2)
M stage
MO 52 (80.0)
M1 6 (9.2)
Mx 7 (10.8)
Stage | 52 (80.0)
Stage Il 6 (9.2
Stage unknown 7 (10.8)

PTC = papillary thyroid cancer; FTC = follicular thyroid cancer.
Data are n followed by percentage in parentheses, except
for age.
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TABLE 2
Radioiodine Treatment Characteristics
Characteristic No. of patients Median IQR
No. of 31| treatments 1 1-3
Cumulative 131 activity per 131 treatment (GBq)
Only ablation 4 (52.3%) 3.7 1.85-5.85
Repeated 1 (47.7%) 12.95 7.92-18.50
2 3 (20.0%) 5.55 3.70-5.81
3 7 (10.8%) 5.55 3.70-5.70
4 4 (6.2%) 5.55 3.70-5.62
5 5 (7.7%) 6.11 5.55-7.59
6 2 (3.1%) 6.44*
Cumulative 3| activity of all patients (GBq) 65 (100%) 5.88 2.92-12.95
Cumulative 3| activity (GBq) per TNM stage
Stage | 52 (80%) 5.71 2.78-11.75
Stage I 6 (9.2%) 14.43 11.24-19.14
Stage unknown 7 (10.8%) 5.71 2.18-8.33

*IQR could not be estimated.

SGD

In binary logistic regression analysis, significant predictors in
univariate analysis (cumulative '3 activity, number of '3'T admin-
istrations, and age at time of evaluation) (Supplemental Table 3)
were added in the multivariate logistic regression model. Cumula-
tive 13T activity was an independent predictor of SGD adjusted for
age at evaluation and number of 3T administrations (P = 0.05).
Increasing cumulative 31T activity was associated with an increased
likelihood of salivary gland dysfunction (odds ratio, 1.32; 95%
confidence interval, 1.09—1.61) (Supplemental Table 4).

DISCUSSION

In this cross-sectional study on the long-term effects of 131 treat-
ment on SGF in survivors of pediatric DTC, quantitative and quali-
tative salivary measurements at long-term follow-up showed that SGF
is affected by 131 treatment in almost half the patients. Moreover, a
higher cumulative '3'I activity was found to be associated with lower
stimulated salivary flow and more complaints of xerostomia.

Only 1 retrospective study is available on early and late adverse
effects of 13! treatment in pediatric DTC patients. That study
reported that 1.9% of 105 patients had permanent SGD based on
qualitative data from the patient files, but without a clear definition
of SGD (8). We objectively assessed SGD by measuring unstimu-
lated and stimulated salivary flow, salivary composition, and xero-
stomia complaints. Approximately half our patients had stimulated
and unstimulated flow rates under a range accepted as normal, and
in about a third even below the set cutoff for SGD, suggesting
permanent damage or ongoing loss of SGF in patients treated with
31T for DTC in childhood, after a median follow-up time of 11 y.
Decreased salivary flow is one of the manifestations of SGD. Data
on salivary flow rates after 13! treatment are not available in pediatric
patients and are sparse in adults. In a prospective study on adult
patients, significantly decreased unstimulated and stimulated flow
rates were found 5 mo after a single 3!I treatment as compared with
pretreatment (5). Another study on adult patients found salivary flow

31T FrrecTs ON SALIVARY GLANDS IN DTC

rates in the reference range, without details regarding the distribution
of the follow-up period or the administered '3'I activities (24).

In contrast to the existing literature on adults (24), we showed a
significant association between a higher cumulative '3'1 activity
and a lowered stimulated salivary flow. Contradictory results have
been found in studies on adults concerning the 3T dose-related
effect on SGD (/2,15,25,26). Thereby, studies that have shown a
1317 dose-related effect are hampered by a nonuniform definition
of SGD (12,15,26). Our study on survivors of pediatric DTC sup-
ports the assumption that the decrease in SGF is '3'I dose-related
and indicates that SGF is more likely to develop when patients are
treated with activities of over 7.4 GBq.

The XI scores revealed a !3'T dose-related association for the
severity of xerostomia. Patients treated with '3!I activities of over
3.7 GBq had significantly more xerostomia complaints. In adults,
xerostomia is reported as a side effect of 3! treatment, with
frequencies ranging from 5% to 43% (27,28) and up to 5 y in a
small percentage (27). Our study suggests that pediatric patients
are even more susceptible to xerostomia when treated with 311,
since a third of our study patients had moderate to severe com-
plaints on long-term follow-up.

A significant correlation between salivary flow rate and xerostomia
complaints was not found in our study, as agrees with others (25,29).
Moreover, although xerostomia could have a significant effect on the
quality of life (30), this potential effect might be underestimated,
since in most studies questions regarding the presence of oral com-
plaints were nonspecific. Studies on DTC patients that explicitly
asked for xerostomia complaints reported a higher prevalence of
these complaints than generally assumed by physicians (37).

In most studies, sialadenitis after '3'1 treatment is diagnosed on
the basis of clinical signs and has been reported in 2.8%—41% of
adult DTC patients (/3,25,26,28) and 1.9% of pediatric DTC pa-
tients when measured qualitatively (8). Sialadenitis most often
occurs shortly after '3'I treatment, but an onset after 6 mo and
chronic forms are described as well (32,33). To our knowledge,
our study is the first that quantitatively evaluated sialadenitis in
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FIGURE 2. Correlation between cumulative '3 activity and UWS (A)
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long-term survivors of pediatric DTC by studying salivary com-
position. We found salivary electrolyte levels in the same range as
in healthy individuals, but the levels of total protein and amylase
were reduced. These data indicate that in long-term survivors of
pediatric DTC, SGF is still affected, although without signs of
chronic sialadenitis. Another study on salivary composition in
adult patients found no signs of sialadenitis at a mean follow-up
of 5 mo after '3!I treatment (5). A reduced output of amylase was
also found in adult patients on short-term follow-up after 13'1
treatment (5,34) and may suggest acinar dysfunction.

Several mechanisms could be responsible for 13'I-induced SGD.
First, B-radiation may be directly responsible for an inflammatory
reaction, causing an increased periductal pressure, leading to nar-
rowing of ducts and subsequently salivary retention (/7). Al-
though this theory may explain the reduced salivary flow rates
found in patients soon after '3'I treatment, it does not support our
finding of persistent reduced salivary flow rates without clinical
signs of chronic sialadenitis. On the basis of our results, we presume
that irradiation directly affects stem cells in salivary glands, resulting
in a reduced regenerative potential (35), responsible for reduced

176

TABLE 3

Sialochemistry Results
Sialochemistry composition Median IQR
UWS (n = 59)*
Sodium (mmol/L) 5.06 3.11-7.78
Potassium (mmol/L) 16.4
Chloride (mmol/L) 15.0 12.3-17.0
Total protein (g/L) 0.26 0.21-0.38
Total protein (mg/min) 0.07 0.05-0.12
Amylase (10%U/L) 55.5 32.2-95.1
Amylase (U/min) 13.6 8.17-24.5
SWS (n = 62)t
Sodium (mmol/L) 8.40 5.32-12.1
Potassium (mmol/L) 19.5 15.9-23.1
Chloride (mmol/L) 15.0 13.0-17.3
Total protein (g/L) 0.26 0.19-0.36
Total protein (mg/min) 0.22 0.15-0.30
Amylase (10%U/L) 68.5 45.7-103
Amylase (U/min) 53. 31.4-94.4

*Chloride and total protein levels were analyzed in 60 patient
samples.
TSodium levels were analyzed in 61 patient samples.

salivary flow rates and associated xerostomia complaints. The pa-
tients studied had been treated with a fixed dose of '3'I in childhood,
similar to the dose given to adults, thereby receiving relatively
higher activities of 13T per kilogram of body weight than is given
to adults and exposed to radiation in a crucial period of their growth
and development. Our long-term results showing reduced salivary
flow rates suggest that irradiation may have more severe effects on
children than adults and causes permanent damage.

This study has several limitations. First, it was conducted on a
relatively small number of patients because of the rarity of pediatric
DTC. Moreover, data, especially on diagnostic application activities
of 3!, could not be completely retrieved from nuclear reports
because of the retrospective character of the study. Since sialochem-
ical analysis could not be performed on some saliva samples of
patients with minimal to no saliva secretion, our results possibly
underestimate the damage of salivary glands in our patients. Fur-
thermore, because of lack of quantitative salivary data in survivors
of pediatric DTC, we could compare our data only with data from

TABLE 4
Classification X| Scores

Classification Total XI score No. of patients*

No to mild complaints 11-23 39 (62.9%)

Moderate to severe 24-39 22 (35.5%)
complaints

Severe to extreme 40-55 1(1.6%)
complaints

*62 total.
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studies on adult patients. However, since we obtained both quanti-
tative and qualitative data indicating a toxic effect of 131 treatment,
we believe that our study shows important and clinically relevant
results, despite these limitations.

CONCLUSION

Our study showed that !3!] treatment in pediatric DTC patients
has damaging long-term effects on multiple markers of SGF, both
qualitatively and quantitatively, and that these effects are associ-
ated with the administered cumulative 13T activity. Our data sug-
gest the importance of greater emphasis on prevention and early
recognition of SGD. Moreover, these data support the importance
of restriction of radioactivity required for therapeutic purposes in
children as has already been emphasized in the American Thyroid
Association guidelines for pediatric DTC.
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