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Abstract
Background: Little is known about the whole body oxidative stress burden following radioactive iodine (131I) therapy
of thyroid diseases. Methods: We studied 17 patients with
benign nodular goiter treated with 131I therapy. The targeted thyroid dose was 50 Gy in 11 patients pretreated with
0.1 mg of recombinant human TSH (rhTSH). In 6 patients,
the applied thyroid dose was 100 Gy without rhTSH prestimulation. Well-established biomarkers of oxidative stress
to RNA (8-oxo-7,8-dihydroguanosine; 8-oxoGuo) and DNA
(8-oxo-7,8-dihydro-2’-deoxyguanosine; 8-oxodG) were
measured in freshly voided morning urine (normalized
against the creatinine concentration) at baseline, and 7 and
21 days after rhTSH (not followed by 131I), and 7 and 21 days
after 131I therapy, respectively. Results: The baseline urinary
excretions of 8-oxoGuo and 8-oxodG were 2.20 ± 0.84 and
1.63 ± 0.70 nmol/mmol creatinine, respectively. We found
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no significant changes in the excretion of any of the metabolites, neither after rhTSH stimulation alone nor after 131I
therapy. Also, no significant differences were found between the rhTSH group (low dose, median 131I: 152 MBq) and
the non-rhTSH group (high dose, median 131I: 419 MBq; 8-oxoGuo: p = 0.66, 8-oxodG: p = 0.71). Conclusion: Systemic
oxidative stress, as detected by nucleic acids metabolites in
the urine, is not increased after thyroid stimulation with
0.1 mg of rhTSH, or after 131I therapy. Our method cannot
quantify the oxidative stress induced locally in the thyroid
gland, but the study supports that 131I therapy of benign
nodular goiter carries no or only a minute risk of developing
subsequent malignancies. It remains to be explored whether our findings also apply to hyperthyroid disorders.
© 2015 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

For many years radioactive iodine (131I) has been
used for treatment of nontoxic goiter, hyperthyroidism
and thyroid cancer. During the last decade recombinant
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Methods
Study Population and Design
The present study was part of a double-blind randomized controlled trial, described in detail elsewhere [16]. In brief, 90 patients
suffering from compressive nodular goiter were randomized to either rhTSH-stimulated 131I therapy, aiming at a thyroid irradiation
dose of 50 Gy, or placebo-stimulated 131I therapy, aiming at a thyroid dose of 100 Gy. Randomization to placebo or rhTSH prestimulation was done in a ratio of 1: 2, respectively. One injection of
0.1 mg of rhTSH or placebo was given i.m. 24–72 h before 131I administration. The 131I activity was calculated based on thyroid volume and 24 h 131I uptake, and 131I half-life. The goiter reduction
after 1 year – the primary end-point of that trial – was similar in
the two groups, showing that rhTSH prestimulation allows a major
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Table 1. Baseline characteristics of the patients
Placebo + 131I
(n = 6)

0.1 mg rhTSH +
(n = 11)

131I

Females:males
4:2
10:1
Median age, years
46 (27–65)
50 (29–83)
Baseline thyroid volume, ml
53 (32–240)
56 (38–102)
100
50
Target thyroid 131I dose, Gy
Administered 131I activity, MBq 419 (245–2,560) 152 (93–280)
Data are given as n, ratios or median (range).

reduction of the radiation burden with retained efficacy in terms
of goiter reduction [16].
In the last period of the trial, we recruited consecutively a
subgroup of 17 patients in order to examine for the effects of
rhTSH stimulation alone and in combination with 131I therapy
on oxidative stress. In 11 patients, the targeted thyroid dose was
50 Gy and these individuals were pretreated with rhTSH in order
to increase the thyroid 131I uptake. In 6 patients, the applied thyroid dose was 100 Gy, without rhTSH prestimulation. Relevant
baseline clinical and laboratory variables are shown in table 1. A
freshly voided morning urine sample was collected at baseline
before receiving any intervention (sample 1), and at 7 (sample 2)
and 21 days (sample 3) after injection of either 0.1 mg of rhTSH
or placebo. Urine collection was repeated at 7 (sample 4) and
21 days (sample 5) after the 131I therapy preceded by rhTSH or
placebo according to the randomization. The time points of
urine collection are depicted in figure 1 and 2. The study was approved by the local ethics committee of the county of Funen,
Denmark, and registered at www.clinicaltrials.gov (identifier:
NCT00275171).
Oxidative Stress Biomarkers
Spot urine samples were stored at –80 ° C until analysis for the
oxidative modified guanine nucleosides 8-oxodG and 8-oxoGuo
using chromatography and tandem mass spectrometry [17].
8-oxodG and 8-oxoGuo results were normalized against the urinary creatinine concentration measured by a locally validated
method. Chromatographic separation was performed using Perkin Elmer Series 200 HPLC with two pumps. The HPLC columns
were a Phenomenex Prodigy ODS column (100 × 2 mm, 3 μm)
and a C18 ODS guard column (4 × 2 mm), both from Phenomenex
(Torrance, Calif., USA). The mass spectrometry detection was
performed on an API 3000 triple quadrupole mass spectrometer
(Sciex, Toronto, Ont., Canada) equipped with an ESI ion source
(Turbospray) operated in the positive mode [17]. The urinary excretions of 8-oxodG and 8-oxoGuo show no diurnal variation
[18].
Statistical Analysis
Due to deviation from the normal distribution, the variables
8-oxodG and 8-oxoGuo were log transformed before calculation.
Repeated measures ANOVA were used for analysis of variance
over time. Interaction terms were added to the model to assess the
interaction between the time and dose of radiation (time-dose ef-
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human TSH (rhTSH) – a very potent stimulator of the
thyroid 131I uptake – has been combined with 131I therapy in order to increase the thyroid irradiation and amplify the goiter reduction [1]. 131I therapy is a destructive
treatment modality, partly mediated through the formation of free oxygen radicals leading to increased intracellular oxidative stress, and eventually cell death [2–4].
Other organs than the thyroid gland are affected by 131I
therapy. Chromosomal alterations in peripheral lymphocytes are seen after 131I therapy, with recovery within 24 months [5–9], but the dose-response relationship
is complex [10]. Despite the fact that the risk of malignant diseases induced by 131I therapy is a matter of continuous concern, the oxidative stress burden following
this treatment has only been sparsely investigated. Previous studies have shown ambiguous results, probably
due to differences in study design and methods [11–14].
Furthermore, the concurrent counter regulation of the
antioxidative defense mechanisms is rarely taken into
account.
The urinary excretion of 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG) and 8-oxo-7,8-dihydroguanosine
(8-oxoGuo) is frequently used to detect oxidative stress.
These nucleic acid metabolites, resulting from oxidative
damage to DNA and RNA, respectively, represent highly
sensitive rate estimates of the total systemic oxidative
stress in vivo [15], including that from ionizing radiation.
Hitherto, the impact of 131I therapy on the production of
8-oxodG and 8-oxoGuo is unrevealed, and we therefore
investigated the oxidative stress burden by these urinary
markers in patients treated with 131I for benign nodular
goiter. In addition, we evaluated whether stimulation of
the thyroid gland by rhTSH, per se and in combination
with 131I therapy, increases the whole body oxidative
stress.
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Fig. 2. The urinary excretion of 8-oxodG (a
biomarker of oxidative stress to DNA) in
17 patients with nodular goiter, measured
at five time points. For details, see the legend to figure 1.
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(a biomarker of oxidative stress to RNA) in
17 patients with nodular goiter, measured
at five time points: at baseline, and 7 and 21
days after placebo or stimulation with 0.1
mg of rhTSH (case No. 1–6 and 7–17, respectively), and 7 and 21 days after 131I
therapy, respectively. The 131I therapy was
preceded by renewed placebo or rhTSH
stimulation 24–72 h before 131I administration, according to the randomization.
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Fig. 1. The urinary excretion of 8-oxoGuo

8-oxoGuo (nmol/mmol creatinine)

2.8

Results

The mean baseline excretion of 8-oxoGuo and
8-oxodG was 2.20 ± 0.84 and 1.63 ± 0.70 nmol/mmol
creatinine, respectively. Individual values for 8-oxodG
and 8-oxoGuo are shown in figure 1 and 2, respectively.
There was no significant difference over time in either
8-oxodG or 8-oxoGuo values (repeated measures
ANOVA, p = 0.44 and p = 0.17, respectively).
Impact of rhTSH
In the 11 patients stimulated with rhTSH, mean values of the oxidative stress markers measured at baseline
(sample 1, 8-oxodG: 2.20 ± 0.75 nmol/mmol creatinine,
8-oxoGuo: 1.57 ± 0.63 nmol/mmol creatinine) did not
change significantly when measured at day 7 (sample 2,
8-oxodG: 2.42 ± 0.59 nmol/mmol creatinine, p = 0.37,
8-oxoGuo: 1.64 ± 0.58 nmol/mmol creatinine, p = 0.67)
and at day 21 after stimulation (sample 3, 8-oxodG:
2.49 ± 0.91 nmol/mmol creatinine, p = 0.31, 8-oxoGuo:
1.70 ± 0.64 nmol/mmol creatinine, p = 0.19).
Impact of 131I Therapy
No differences were found when comparing mean
values of all patients before and after 131I therapy, i.e.
sample 3 (8-oxodG: 2.45 ± 0.94 nmol/mmol creatinine,
8-oxoGuo: 1.70 ± 0.62 nmol/mmol creatinine) versus
sample 4 (8-oxodG: 2.29 ± 0.59 nmol/mmol creatinine,
p = 0.84, 8-oxoGuo: 1.65 ± 0.52 nmol/mmol creatinine,
p = 0.62) and sample 3 versus sample 5 (8-oxodG: 2.46 ±
0.64 nmol/mmol creatinine, p = 0.57, 8-oxoGuo: 1.71 ±
0.50 nmol/mmol creatinine, p = 0.53).
As a result of an increased thyroid 131I uptake and a
lower target thyroid radiation dose in the rhTSH
group (50 vs. 100 Gy in the placebo group), a significantly lower 131I activity was required as compared with
the group treated with 131I alone (median 152 MBq vs.
median 419 MBq). Despite this variation in the radiation burden, no differences between the two groups
were found (8-oxodG: p = 0.71, 8-oxoGuo: p = 0.66).
Furthermore, no significant dose-time interaction
could be demonstrated (8-oxodG: p = 0.44, 8-oxoGuo:
p = 0.90).
Radioiodine Therapy and Oxidative Stress

Discussion

The present study is the first to investigate the urinary
excretion of 8-oxodG and 8-oxoGuo following 131I therapy of patients with benign nontoxic nodular goiter. Although these nucleic acid metabolites are sensitive markers of DNA and RNA oxidation, we did not find any indication of an excess systemic oxidative stress load after
treatment. This is reassuring since DNA and RNA oxidation are considered to be potentially mutagenic and carcinogenic.
Importantly, our method measures only the overall
impact of the radiation on the body, and it cannot quantify the effect applied locally in the thyroid gland. With
the huge radioactive thyroid dose there is little doubt that
131I therapy results in considerable intrathyroidal oxidative stress. Despite the fact that the thyroid irradiation by
far exceeds that absorbed by most other organs during
131I therapy, the contribution from the rest of the body
due to endogenous oxidative stress seems to obscure the
input from a small organ such as the thyroid gland. Cellular radiation damage is mediated not solely through the
formation of free oxygen radicals, but also through direct
breakage of molecular bands in the DNA and RNA
strands [2–4]. The negative outcome in our study may
imply that the latter effect is the most significant intrathyroidal event by 131I therapy, but to what extent each of the
various subcellular lesions induced by radiation contributes to the fate of the cell remains to be elucidated in future studies.
The radioactive doses applied to the thyroid gland of
our patients were fairly similar to those used for treating
Graves’ disease. However, as the iodine kinetics vary between hyperthyroid disorders and nontoxic goiters, and
since a thyroid gland affected by an autoimmune disease
may have a different set-up of intracellular antioxidative
defense mechanisms, our results cannot uncritically be
extrapolated to patients with Graves’ disease. The same
reservation goes for thyroid cancer patients treated with
adjuvant 131I therapy for two reasons. First, the 131I kinetics differs substantially in individuals without a thyroid
gland and, second, the amount of 131I activity used for
cancer patients is usually much higher (up to 3,700 MBq).
However, the 131I activities in our study ranged from 93
MBq to as much as 2,560 MBq, and despite this huge variation no trend was seen that might indicate a positive correlation between the whole body irradiation and the load
of reactive oxygen species produced. Furthermore, the
patients randomized to a thyroid radiation dose of 100 Gy
were given almost thrice as much 131I activity as the group
Eur Thyroid J 2015;4:20–25
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fect). Post hoc paired t tests were used to compare differences between the samples. Statistical analyses were performed with SAS
software version 9.1.3 (SAS Institute Inc., Cary, N.C., USA). Statistical significance was defined as p < 0.05. All statistical tests were
two sided.
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chronic disorders like Alzheimer’s disease and diabetes
mellitus [33]. Thus, the relationship between RNA oxidation and thyroid diseases might be an interesting new
research field.
In conclusion, we found no induction of systemic oxidative stress in the period 1–3 weeks after rhTSH stimulation, or after 131I therapy of benign nodular goiter. Although it needs to be explored whether oxidative stress
markers are increased in the time period immediately following treatment, our data support current knowledge
from epidemiological studies that 131I therapy of benign
thyroid diseases carries no or only a minute risk of developing subsequent malignancies.
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