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The long-term dental safety profile of high-dose radioiodine ther-
apy remained elusive despite more than 6 decades of clinical
use. Methods: In a cohort study, we investigated the incidence
of sialadenitis, xerostomia, caries, and tooth extractions after
high-dose radioiodine therapy for differentiated thyroid cancer
and explored risk factors by multiple regression models. Re-
sults: One hundred seventy-six participants were recruited
(median follow-up, 6.6 y; range, 1.1-32.6 y; patient-years:
8,472 before and 1,421 after radioiodine therapy). Scintigraphic
salivary gland uptake during radioiodine treatment predicted de-
velopment of sialadenitis (odds ratio: 1.31[1.05-1.63], P = 0.015)
and xerostomia (odds ratio: 1.58 [1.16-2.16], P = 0.004). The
caries risk increased by postradioiodine xerostomia (% increase:
98.8 [26.5-212], P = 0.003). The long-term risk for postradioio-
dine tooth extractions increased with increasing cumulative
radioiodine activities (% increase [per gigabequerel]: 8.14
[1.07,15.7], P = 0.02). Conclusion: High-dose radioiodine treat-
ment can impair the long-term dental health, depending on the
cumulative radioiodine activity and individual salivary gland
radioiodine uptake.
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Radioiodine is routinely used in the treatment of dif-
ferentiated thyroid cancer (/,2). It is accumulated in thyroid
tissue by sodium iodide symporters and exerts cytotoxic
effects by B-irradiation. Similar sodium iodide symporters in
salivary glands (3) lead to radioiodine uptake comparable to
thyroid tissue (4). Salivary glands are highly radiosensitive
(5) and, accordingly, sialadenitis and xerostomia are the most
frequent adverse events of high-dose radioiodine therapy (6).
The incidence of sialadenitis after high-dose radioiodine
therapy is about 30% (7-9), and consequent reduced salivary
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gland function (/0) and altered saliva composition (/7) de-
velop in all patients. Clinically relevant xerostomia with dry
mouth, taste loss, and swallowing difficulties arises in 11%—
44% (7-9).

Saliva has vital functions in maintaining oral health. There-
fore, xerostomia not only impairs quality of life permanently
but may also increase the risk of caries and tooth extractions
(12,13). Nevertheless, despite more than 6 decades of radio-
iodine therapy for thyroid cancer, studies on long-term oral
adverse events are lacking (/4).

In the present study, we investigated the influence of
high-dose radioiodine therapy on the long-term oral health.

MATERIALS AND METHODS

The study was designed and performed compliant with Good
Clinical Practice, Swiss drug laws, and the Declaration of Helsinki.
It was approved by the local ethics committee and registered
(ClinicalTrials.gov Identifier: NCT00439478). Written informed
consent was obtained; all endpoints were predefined.

Patients

Between January 2005 and January 2006, patients were re-
cruited from our thyroid cancer registry, instituted in 1972. Inclu-
sion criteria were histologically confirmed differentiated thyroid
cancer, status after total thyroidectomy and radioiodine treatment,
follow-up by a board-certified dentist, =1 y follow-up after radio-
iodine therapy.

Treatment

Before radioiodine therapy, all participants had received a
standardized baseline clinical assessment. Exclusion criteria for
radioiodine therapy were anaplastic thyroid cancer, incontinence,
pregnancy, breast feeding, and severe concomitant illness. Six to 8
and 14-16 wk after thyroidectomy, 2 cycles of '3'I therapy were
performed. Further cycles were scheduled in case of tumor per-
sistence or recurrence. '3!1 was administered orally and patients
were hospitalized for 3 d.

Imaging

Scans were obtained 5 d after 13! application with a y-camera
(parallel-hole, medium-energy, general-purpose collimator; win-
dows center, 284-keV peak; window width, 20%). The '3'1 uptake
in the parotid and submandibular glands was visually scored by 2
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board-certified nuclear medicine physicians, who were unaware of
clinical data, using a 2-point scale: 0 = no uptake; 1 = visible
uptake (Fig. 1). A 3T uptake score was calculated by summing
the uptake grades of all 4 examined salivary glands.

Follow-up

All participants were treated with thyroid hormone to suppress
thyroid-stimulating hormone secretion and systematically under-
went a yearly follow-up after radioiodine therapy. The standard-
ized follow-up procedure included the participant’s history,
physical examination, measurement of serum thyroglobulin levels,
and imaging procedures.

Participants were also systematically assessed with regard to
general dental care (frequency of oral hygiene, use of dental floss,
fluorine, fluoride rails, fluoride gel, toothpicks, mouth rinsing, fre-
quency of consultations at the dentist, and professional dental care),
dental status before or after radioiodine therapy (dental pain, in-
cidence of caries and calculus, tooth extractions), gingival status
before or after radioiodine therapy (gingival inflammation, gingival
bleeding), and salivary glands status (symptoms of sialadenitis,
xerostomia, need for saliva replacement, alteration of taste and diet).
The participants’ dentists remained unaware of the cumulative
administered radioiodine activity and were asked for data on dental
status before or after radioiodine therapy (incidence of caries and
calculus, tooth extractions), gingival status before or after radioio-
dine therapy (gingival inflammation, gingival bleeding), and sali-
vary glands status (xerostomia, indications for saliva replacement).

Endpoints

Endpoints were sialadenitis and xerostomia as reported by
patients and caries and tooth extraction as reported by the patients’
dentist, graded according to the Common Terminology Criteria for
Adverse Events (CTCAE, http://ctep.cancer.gov/forms/CTCAEv3.
pdf) of the National Cancer Institute.

Statistical Analysis

The endpoint xerostomia was analyzed using logistic regres-
sion. Sialadenitis was assumed to follow a binomial distribution
with up to 4 possible events and covariate-dependent individual
event probability P; accordingly, binomial regression with adjust-
ment for overdispersion was used to analyze the influence of
different predictor variables on sialadenitis. The numbers of caries
sites and tooth extractions after radioiodine therapy were analyzed
using Poisson regression. These 2 outcomes require time to develop,
and their expected values depend on the length of the follow-up
period, which was considered by treating its natural logarithm as an
offset variable in the Poisson regression models. Correction for
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| 202 patients scanned for eligibility |

| 1 patient not eligible (without a dentist) |

[ 201 patients eligible |

| 25 patients refused to participate

!
I 176 respective dentists invited to participate

I 176 patients recruited and included for analysis of early endpoints I

55 dentists refused to participate |

I 121 patients included in analysis of late endpoints I

FIGURE 2. Trial flow.

overdispersion was based on Pearson residuals. For quantitative
covariates, we assessed whether linear terms alone sufficiently
described their association with the outcome variable or whether the
model was improved by introducing their square or third power. In
this case, the covariate was categorized. Sensitivity analyses for all
endpoints were performed according to available versus nonavail-
able intratherapeutic 3! scans and available versus nonavailable
data on caries before radioiodine therapy. Discrete variables are
summarized by counts (percentages) and continuous variables are
summarized by their median (range). A P value of < 0.05 was
considered to be significant. Data were analyzed using SAS 9.1
(SAS Institute Inc.) and Statistica V.6.0 (StatSoft, Inc.).

RESULTS

Patients

At January 1, 2005, our register comprised 202 patients,
treated 1972-2004. One patient had no dentist; 201 patients
were eligible (Fig. 2). One-hundred seventy-six patients (87.6%)
were recruited (Table 1). Twenty-five patients refused par-
ticipation; their baseline criteria did not significantly differ
from those of the recruited patients (data not shown).
Eighty dentists cooperated and contributed data on 121 of
176 (68.8%) participants.

Treatment
The 176 participants had undergone a median number of
2 (range, 1-6) cycles with a median cumulative radioiodine

FIGURE 1. Salivary gland '3l uptake:
(A) Grade 0 (no visible uptake). (B) grade
1 (visible uptake, arrows).
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TABLE 1
Participants’ Baseline Criteria (n = 176)

Characteristic Finding Value
Sex Female 126 (71.6%)
Male 50 (28.4%)
Age at radioiodine treatment (y) Median 48.4
Range 17.6-86.3
Thyroid cancer entity Papillary 110 (62.5%)
Follicular 65 (36.9%)
Unspecified* 1 (0.6%)
TNM stage T1,T2, T3, T4 22 (12.5%), 89 (50.6%), 24 (13.6%), 21 (11.9%)
Tx 20 (11.4%)
NO, N1, N2 70 (39.8%), 29 (16.5%), 3 (1.7%)
Nx 74 (42.0%)
MO, M1 51 (29.0%), 3 (1.7%)
Mx 122 (69.3%)
Number of radioiodine treatment cycles 1,2,3,4,5,6 33, 125, 111, 51, 0, 2t
Median 2
Range 1-6
Cumulative 37| activity (GBg)* =3.7,3.8-7.4, >7.4 28, 90, 58
Median 7.4
Range 1.9-35.0
131] score 0,1,2,8,4 128 (72.7%), 1 (0.6%), 7 (4.0%), 0 (0%), 17 (9.7%)
No scan 23 (13.1%)
Follow-up (y) Median 6.6
Range 1.0-32.6
Observed period (patient-years) Before radioiodine 8,472
After radioiodine 1,421
Frequency of tooth brushing (per day) 1,2,8,4 10 (5.7%), 93 (52.8%), 49 (27.8%), 7 (4.0%)
>4 2 (1.1%)
No information 15 (8.5%)
Additional dental care tools$ 0,123 26 (14.8%), 72 (40.9%), 46 (26.1%), 13 (7.4%)
>3 1 (0.6%)
No information 18 (10.2%)
Additional caries preventionl! No, yes 136 (77.3%), 19 (10.8%)
No information 21 (11.9%)
Xerostomia before radioiodine therapy No, yes 138 (78.4%), 2 (1.1%)
No information 36 (20.5%)
Caries before radioiodine therapy No, yes 18 (10.2%), 69 (39.2)
No information? 89 (50.6%)
Tooth extractions before radioiodine No, yes 100 (56.8%), 21 (11.9%)

No informationt

55 (31.3%)

*One patient had received thyroidectomy in South Africa and pathologic files were unavailable.
fMultiple treatment cycles (>2) were administered for reablation (6 cases) or metastatic disease (12 cases).
*GBq = gigabequerels (convert values from gigabequerel to curies by dividing by 37).

SDental floss, tooth picks, mouth rinsing.
IFluoride rail, fluoride gel, fluoridated tooth paste.

YAfter written and oral invitation, the respective dentists were not willing or able to provide data.

activity of 7.4 GBq (range, 1.9-35.0 GBq). The median age
at first radioiodine treatment was 48.4 y (range, 17.6-86.3 y;
8,472 patient-years before treatment). The median follow-up
period was 6.6 y (range, 1.1-32.6 y; 1,421 patient-years
after treatment).

Imaging

Intratherapeutic 311 scans were available for 151 partic-
ipants (85.8%). Twenty-five cases (16.6%) showed visible
salivary gland uptake; 1 case had a score of 1, 7 cases had
a score of 2, and 17 cases had a score of 4. No elevated
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radioiodine uptake in the salivary glands was found in 126
cases.

Oral Status

No participant had endured sialadenitis before radioio-
dine. After radioiodine, 43 patients (24.4%) showed sial-
adenitis, in 1 (25 cases), 2 (16 cases), or 3 glands (2 cases).
Sialadenitis grade I occurred in 11 patients (6.3%) and
sialadenitis grade II occurred in 32 patients (18.2%).
Sialadenitis in >3 glands or grade III or grade IV sialad-
enitis did not occur. One-hundred twenty-two (69.3%)
participants did not experience sialadenitis; 11 participants
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(6.3%) gave no information. Visible salivary gland uptake
was an independent predictor for postradioiodine sialade-
nitis (odds ratio [per gland with visible radioiodine uptake]:
1.31; range, 1.05-1.63; P = 0.015; Table 2).

Two participants (1.1%) endured xerostomia before radio-
iodine treatment (during 8,472 patient-years) and 78 of 176
participants (44.3%) endured xerostomia after radioiodine
treatment (during 1,421 patient-years). Grade I xerostomia
was found in 46 cases, and grade II was found in 32 cases.
Grade III and grade IV xerostomia did not occur. Eighty-
seven participants (66.9%) did not experience xerostomia
after radioiodine, 11 participants (6.3%) gave no informa-
tion. Visible salivary gland uptake (odds ratio [per affected
gland]: 1.58 [1.16-2.16], P = 0.004), the cumulative radio-
iodine activity (odds ratio [per gigabequerel]: 1.15 (1.04-
1.29), P = 0.010), and sialadenitis after radioiodine (odds
ratio: 2.88 (1.64-5.07), P = 0.001; Table 2) were indepen-
dent risk factors for xerostomia after radioiodine.

Through 5,652 patient-years before radioiodine treatment,
caries was reported for 69 of 121 participants (57.0%). In
949 patient-years after radioiodine treatment, new caries
had developed in 59 participants (48.8%). Caries before
radioiodine treatment (% increase: 32.2 [12.0-56.1], P =
0.001) and after radioiodine xerostomia (% increase: 98.8
[26.5-212], P = 0.003; Table 2) were independent risk
factors for caries after radioiodine.

Throughout 5,652 patient-years before radioiodine treat-
ment, 54 tooth extractions had been performed in 21 of 122
patients (17.2%)—in 12 cases for dental disease, in 8 cases
for periodontal disease, and in 1 case for both indications.
For the period of 949 patient-years of follow-up after
radioiodine treatment, 61 tooth extractions were performed
in 27 patients (22.3%)—in 18 cases for dental disease, in 8
cases for periodontal disease, and in 1 case for both indi-
cations. Participants with tooth extractions before radio-
iodine treatment were at risk to undergo further extractions

TABLE 2
Risk Factors for Early (n = 176) and Late (n = 121) Endpoints
Endpoint Risk factor* Odds ratio unadjusted P value QOdds ratio adjusted? P value
Sialadenitis* Age 0.997 (0.98-1.02) 0.79 0.99 (0.97-1.02) 0.59
Male 0.67 (0.32-1.39) 0.28 0.59 (0.26-1.37) 0.22
lodine activity 1.03 (0.96-1.10) 0.40 1.03 (0.94-1.13) 0.53
lodine score 1.28 (1.04-1.58) 0.020 1.31 (1.05-1.63) 0.015
Xerostomia# Age 0.99 (0.97-1.02) 0.55 1.00 (0.98-1.03) 0.76
Male 1.66 (0.74-3.75) 0.22 1.79 (0.92-3.48) 0.09
lodine activity 1.11 (0.98-1.25) 0.088 1.15 (1.04-1.29) 0.010
lodine score 1.52 (1.09-2.11) 0.014 1.58 (1.16-2.16) 0.004
Sialadenitis 2.37 (1.28-4.41) 0.006 2.88 (1.64-5.07) 0.001
% increase unadjusted % increase adjusted?
Caries$ Age 1.5(-0.1t0 3.2 0.07 1.4 (-0.3t0 3.2) 0.12
Male —13.1 (—51.2 to 54.8) 0.63 —11.0 (—32.7 to 82.8) 0.68
lodine activity —2.0 (9.6 t0 6.3) 0.63 —3.2(-9.5t0 3.4) 0.33
lodine score —3.1 (—27.5 t0 29.7) 0.83 —14.7 (—33.9 to 10.1) 0.22
Sialadenitis 35.9 (—7.51099.9) 0.12 —15.6 (—41.9 to 22.5) 0.37
Xerostomia 82.0 (10.9 to 199) 0.018 98.8 (26.5 to 212) 0.003
Prior caries 39.3 (18.6 to 63.7) 0.001 32.2 (12.0 to 56.1) 0.001
Tooth brushing 10.6 (—18.3 t0 49.7) 0.52 —10.4 (—37.5 to 28.5) 0.55
Tooth extractionS!! Age —1.32 (—4.40,1.85) 0.41 -0.72 (—4.27, 2.97) 0.70
Male —26.4 (—75.0-116.5) 0.58 —45.1 (—85.4,106) 0.37
lodine activity 6.91 (0.74-13.5) 0.03 8.14 (1.07, 15.7) 0.02
lodine score —7.5 (—43.8-52.4) 0.76 -1.19 (—41.6, 67.2) 0.96
Sialadenitis 16.3 (—33.9, 105) 0.60 —10.6 (—56.2, 82.3) 0.76
Xerostomia 2.24 (—58.9, 154) 0.96 —25.7 (—73.1, 105) 0.57
Prior caries 1.14 (—30.6, 47.3) 0.95 7.50 (—29.6, 64.1) 0.74
Date of radioiodine therapy —5.46 (10.3,-0.42) 0.03 -5.11 (—10.9, 1.02) 0.10
Tooth brushing —28.7 (—64.0, 41.3) 0.33 —39.6 (—72.1, 30.7) 0.20

*The respective units are as follows: age, per year; male, vs. female; iodine activity, per GBq; iodine score, per gland; sialadenitis, per

gland affected; prior caries, per site; tooth brushing, times per day.
T Adjusted for all other covariates in the list.

*Estimates were obtained from binomial regression models and refer to individual sites.

SEstimates were obtained from Poisson regression models and refer to individual sites.

INumber of tooth extractions after radioiodine therapy in patients without prior extractions.

Corresponding 95% confidence intervals are in parentheses. Boldface type indicates statistical significance of the respective covariate.
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after radioiodine treatment (P = 0.0005). In patients at risk
for the first tooth extraction, the cumulative radioiodine activity
was an independent risk factor (% increase [per gigabequerel]:
8.14 [1.07, 15.7], P = 0.02; Table 2) for undergoing a tooth
extraction after radioiodine treatment. Cumulative radio-
iodine activities exceeding the standard activity of 7.4 GBq
induced a significantly increased risk for undergoing tooth
extractions (Cox regression: P < 0.001; Fig. 3).
Sensitivity analyses for all endpoints revealed no signif-
icant changes in the results of the regression models after
exclusion of patients with nonavailable radioiodine scans or
missing data on caries before radioiodine treatment.

DISCUSSION

Our data indicate detrimental effects of high-dose radio-
iodine treatment on the long-term dental health, divided
into acute and long-term effects.

Acute adverse events of salivary gland irradiation in
high-dose radioiodine treatment comprise sialadenitis (7,8),
palsy of the facial nerve, which passes through the parotid
(15), taste loss (7), and oral candidiasis (/6). Reducing the
salivary gland dose will be crucial to reduce the rates of
these events. The value of increasing salivation by sour
juice and lemon candy remains elusive (8,10), whereas
amifostine reduces salivary gland impairment in high-dose
radioiodine treatment (/0). Our results on the long-term
consequences highlight the need to reduce initial salivary
gland impairment. Furthermore, several risk factors emerged
in this study—especially the scintigraphic salivary gland
uptake might help in identifying patients at need for in-
tensified follow-up.

Long-term effects of salivary gland irradiation in high-
dose radioiodine treatment comprise chronic sialadenitis
(14), permanent taste loss (/4), xerostomia (7-9), and
increased salivary gland malignancies (/7). Xerostomia

after external irradiation increases the caries rate (12,13)
and, thus, saliva substitutes, sialogogues (/8), water, sug-
arless sweets, or gum are used for secondary prevention
(13). Our data indicate detrimental effects on dental health
also by postradioiodine xerostomia and we observed in-
creasing tooth extraction rates with increasing cumulative
radioiodine activities. This emphasises the need for sec-
ondary prevention after high-dose radioiodine treatment,
especially in patients with high cumulative radioiodine
activities and postradioiodine xerostomia. Secondary pre-
ventive measures include caution with anticholinergic drugs,
avoidance of dehydration, and preserving salivary gland flow
with glandular massage (/4).

Radioiodine has an established benefit in large thyroid
malignancies, whereas its value in small papillary thyroid
cancers remains elusive (/9). However, an adequately
powered pooled risk analysis has recently indicated an
increased incidence of secondary malignancies after high-
dose radioiodine therapy in organs concentrating radio-
iodine, such as salivary glands, bladder, colon, and kidneys
(17). Additionally, our data suggest detrimental effects on
the long-term dental health. The growing data on benefit
and adverse events might help to restrict radioiodine to pa-
tients in whom it is beneficial.

Our study has strengths and limitations. First, our anal-
yses were sufficiently powered to obtain significant results;
nevertheless, they need independent confirmation. Second,
25 patients refused to participate. However, their baseline
criteria, including predictive factors such as the iodine
score, did not significantly vary from the participants’ base-
line criteria, not indicating a specific bias. Third, we did not
quantify salivary gland function by °°™Tc-pertechnetate
scintigraphy. However, subclinical xerostomia diagnosed
by ?°MTc-pertechnetate scintigraphy is found in all patients
after high-dose radioiodine therapy and therefore is not
predictive for clinically relevant xerostomia (/0). Fourth,

100 A
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FIGURE 3. Association of cumulative

Radioiodine activity > 7.4 GBq

P<0.001

Radioiodine activity <7.4 GBq

Proportion of patients with tooth extraction (%)

radioiodine activity and risk of tooth ex- 0
tractions after radioiodine (assessed by
Cox regression).

5 10 15 20 25
Time after high-dose radioiodine treatment (y)
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increasing cumulative radioiodine activities, but not sial-
adenitis or xerostomia, were predictors for postradioiodine
tooth extractions. This might be due to the fact that con-
tinuous variables, in contrast to dichotomous or categoric
variables, facilitate the detection of significant predictors.
Finally, we were not able to define preventive measures to
avoid long-term dental impairment after high-dose radio-
iodine treatment. The detection of adequate preventive mea-
sures remains preserved for further trials.

CONCLUSION

High-dose radioiodine treatment can impair the long-term
dental health, depending on the intensity of treatment and
individual radioiodine uptake within the salivary glands.
Patients should be made aware of salivary gland damage
before high-dose radioiodine treatment. Lifelong secondary
prevention and intensified follow-up should be considered,
especially in patients who have received high cumulative
radioiodine activities or who have developed postradioiodine
xerostomia. Further efforts should address reducing the
initial salivary gland dose and exploring preventive measures
to reduce long-term dental impairment.
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