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Abstract

Despite extensive use of iodine-131 ("*'l) treatment for Graves’ hyperthyroidism, the optimal reg-
imen of pretreatment with antithyroid drugs is still a matter of discussion. Our aim was to evalu-
ate the success of "'l treatment in patients with Graves’ disease without and with pretreatment
with methimazole (MMI). In a prospective randomized study 156 patients with Graves’ disease
were treated with fixed activity of 550MBq ™'l. First group of 59 patients received only *'l. The
second group of 50 patients received MMI which was stopped seven days before 'I. The third
group of 47 patients received MMI until ™'l application. Patients were followed clinically and
biochemically 1, 3, 6 and 12 months after *'l treatment. Absorbed dose of 'l and thyroid vol-
ume were measured in each patient. Our result showed that 'l treatment success after twelve
months was equally effective in the first and second group (96.6% and 96%, respectively), while
in the third group, success was significantly lower (63.8%). Accordingly, the absorbed dose of
31l was significantly higher in the first and in second group (144+104Gy and 164+107Gy, respec-
tively), and lower in the third group (105+58Gy) Thyroid volume gradually decreased without
any significant difference between the three groups. In conclusion, our study provides evidence
that application of "'l is equally effective in the nonpretreated with MMI group and in the group
discontinuing MMI one week before ™'l treatment, and it is more effective in these two groups
as compared to the group in which pretreatment with MMI was administered till the day of '*|
application.
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Introduction

In spite of recently published data showing no increase of thyroid hormone lev-

els after 'l application [1-3], antithyroid drugs are frequently prescribed before
B treatment in order to prevent worsening of hyperthyroidism [4, 5]. On the other hand,
data representing the influence of pretreatment with antithyroid drugs on the efficacy
of 'l treatment are controversial. Some studies reported a higher rate of 'l treatment
failure after pretreatment with antithyroid drugs [6-10], which others confirmed the op-
posite [11-16]. However, results are not easy to compare since studies substantially differ
with respect to design, (prospective vs retrospective studies), cause of hyperthyroidism,
regimen of pretreatment with antithyroid drugs and doses of the applied "'I. The aim of
our prospective randomized clinical study was to evaluate the success of treatment with
the fixed activity of 550MBq "'l in patients with Graves’ disease without pretreatment
compared to patients receiving different regimens of methimazole (MMI) pretreatment
in an iodine sufficient region of Slovenia [17].

Radioiodine (") is extensively used for the treatment of Graves’ hyperthyroidism.

Patients and methods

Patients

We included 156 patients with the first reccurence of Graves’ disease diagnosed by clini-
cal and biochemical hyperthyroidism, estimated by the presence of thyroid stimulating
hormone (TSH), thyroid receptor antibodies (TSAb), and diffuse goiter with hypoecho-
genic ultrasound (US) pattern. We excluded patients who were previously treated with
radioiodine or thyroidectomy. The study was conducted at the Department of Nuclear
Medicine of the University Medical Centre Ljubljana between January 2002 and May
2005. Local ethics committee approved the study. All patients gave their informed con-
sent before 'l treatment.
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Methods

We measured TSH, free thyroxine (fT,) and free triiodothyronine
(fT,) with direct chemoluminiscent immunoassay (Bayer Diag-
nostics, Tarrytown, New York, USA; normal values, 0.35-5.5mU/
L, 11.5-22.7pmol/L and 3.5-6.5pmol/L, respectively). TSAb were
measured by the first generation TRAK Assay (Brahms, Hen-
nigsdorf, Germany; value >13U/L was considered positive).
Goiter volume was estimated by US using standard formula a x
b x ¢ x 3,14 (pi value)/6 (a = length, b = depth, c = width of each
lobe and isthmus in cm) [18]. Uptake of 'l after 2,4 and 24h was
evaluated using tracer activity of 1.85MBg. For each patient, ab-
sorbed dose of ™'l was measured using a method of cumulated
activity [19], and effective half life of therapeutic activity of ™I,
which was calculated by monoexponential decay function.

Treatment protocol

We divided Graves' patients into three groups. In the first
group, 59 patients were treated only with ™'l (without MMI
pretreatment), all receiving beta adrenergic blockers (pro-
pranolol 40-120mg per day). Patients treated for hyperthy-
roidism with MMI for 2-12 months (median value, 4 months
and 5 months, respectively) before 'l treatment were ran-
domly divided in the second and third groups. In the second
group of 50 patients, MMI (10mg per day) was stopped seven
days before 'l treatment. Forty seven patients in the third
group received MMI (10mg per day) till the ™'l application.

All patients were treated with 550MBq of 'I. Neither of
the three groups received antithyroid drugs during the first
month after 'I. Patients were clinically examined and tested
before ™'l treatment and following 1, 3, 6 and 12 months after.
At each occasion, serum TSH, fT,, fT, and TSAb were meas-
ured, while thyroid volume was estimated by US before and
1, 3 and 6 months after ™' treatment. During follow-up failure
of treatment was evaluated by the percentage of persistent
hyperthyroidism. Euthyroid state (normal TSH, fT,and T, lev-

els) without antithyroid drugs, or hypothyroid state (increased
TSH, normal or decreased fT, and fT, levels) were considered
as a successful treatment outcome.

Statistical analysis

Clinical and biochemical characteristics of the three groups
were compared with chi square test for qualitative variables or
with Student’s t test for quantitative variables. The outcome of
31| treatment after 1, 3, 6 and 12 months was analyzed using
chi square test. The relationship between the outcome of ™'l
treatment and age, gender, TSH, fT,, fT,, TSAb before ™'l treat-
ment, and absorbed dose of 'l was assessed with Spearman’s
rank correlation procedure. We considered P was significant
when <0.05.

Results

Characteristics of patients

Before ™'l treatment, the three groups did not differ with
regard to age, gender, smoking habits, thyroid volume and
TSADb (Table 1).

Treatment outcome

One month after *'l application, no difference in '*'l treatment
outcome between the three groups was observed (Fig. 1).
Surprisingly, only 20% of patients treated with 'l alone were
still hyperthyroid one month after treatment. However, three
months after 'l we noticed significantly higher percentage
of hyperthyroid patients in the third group receiving MMI till
the ®¥'l application when compared with the second group chi
square =4.62, P = 0.03), but no significant difference between
the first and the third group chi square=1.72, P = 0.189). Addi-
tionaly, no difference in treatment success was observed be-
tween the first and the second groups of patients. Six months

Table 1. Patients data before '3’ treatment

Parameter Group 1 Group 2 Group 3
No. of patients 59 50 47
No. of patients 51/8 42/8 42/5
Age, year 46.8+13.8 435+11.0 47.1+13.1
(min - max) (17-80) (20-64) (22-75)
Smokers % 32.2 29.8 27.1

131
fT4 before 1l (pmol/L), 38.0+17.8* 20.4+9.1 18.9+13.2
mean+SD

131
fT3 before =i 124455 * 7.6+4.9 71453
mean=SD
TSA? (U/L)’. 12.4+£55%* 13 (1-101) 12 (1-102)
median (min - max)
Goiter volume (mL), 31.2+15.7 30.4+13.9 33.717.7

mean=SD

Group 1: without pretreatment; group 2: methimazole (MMI) stopped 7 days before ™'l application; group 3: MMI till the day of ™'l application; SD, standard deviation;

AD, absorbed dose); *, P < 0.0001

As depicted in Table 2, ™'I-uptake after 2h was not significantly different between the three groups. After 4 and 24h, the ™'I-uptake was significantly lower in the
third group (P < 0.05 and P < 0.071, respectively). Accordingly, the calculated effective half life of ™'l was significantly shorter in the third group than in the other two
groups and absorbed dose of ™'l was significantly lower in the third group when compared with the other two groups (P < 0.001).
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Table 2. Uptake of 'l after 2, 4, and 24h, effective t¥. and absorbed dose of '*'| in the three groups

Parameter Group 1 Group 2 Group 3
;;J'“ptake (%) after 35.1+19.0 38.8+19.5 3324199
0
131I-uptake (A)) after 48.0+20.1 50.8+18.4 39.8+19.6%**
4h
1]-uptake
69.6+18.9 73.4+15.3 54.1+20.3*

24h
Effective b (days) 3.9+1.7 44424 3.3+2.4%*
mean+SD
AD of 1311

144.1+£104.8 164.5+107.3 105.5+58.7**
mean+SD

Group 1: without pretreatment; group 2: methimazole (MMI) stopped 7 days before ™'l application; group 3: MMItill the day of ™'l application; SD, standard deviation;

Effective t , AD, absorbed dose); *, P < 0.0001;**, P < 0.01, *** P < 0.05.

4

after ™'l treatment we observed significantly higher percent-
age of hyperthyroid patients in the third group when com-
pared with the first and the second group chi square=8.72, P
=0.0032, and chi square = 8.64, P = 0.0033, respectively).

Twelve months after ®'l treatment, we observed even
higher percentage of hyperthyroid patients in the third group
than in the first and in the second group chi square=19.11, P <
0.0001, and chi square = 13.94, P = 0.0002, respectively). There
was no difference in the 'l treatment outcome between the
first and the second group of patients, with only 3% and 4% of
persistent hyperthyroidism, respectively.

Because of persistent hyperthyroidism, six patients in the
third group received a second dose of ™'l six to nine months
after the first one.

Treatment outcome
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Figure 1. Treatment outcome in the three groups shown as a percent of hyper-
thyroid patients 1, 3, 6 and 12 months after ™'I. Asterisks represent significantly
higher percent of hyperthyroidism in group 2 when compared with groups 1 and
2, %, P<0.05; **, P<0.005; ***, P<0.0005

When we estimated the relation between the absorbed
dose and "'l treatment outcome, more than 150Gy was prov-
en to be successful in all patients as early as 6 months after
treatment. With the absorbed dose between 100 and 150Gy,
persistent hyperthyroidism was observed in 15% of patients,
while the absorbed dose lower than 100Gy was associated
with treatment failure in 25.4% of patients. The absorbed dose

lower than 100Gy was more frequently measured in the third
group compared to the first and second group (55.3%, 15%,
and 15.4%, respectively; chi square = 4.89, P = 0.027).

Six months after ™| application, treatment failure
was associated with significantly lower absorbed dose
(80.8+33.9Gy) and larger thyroid volume (44.6+19.9mL) com-
pared to absorbed dose (148.9+97.6Gy) and thyroid volume
(29.7£12.4mL) of successfully treated patients (P<0.001). No
correlation between the outcome of 'l treatment and age,
gender, TSH, fT,, fT, and TSAb before ™'l treatment in neither
of three groups was found.

Thyroid volume

As shown in Figure 2, we observed a significant reduction
of thyroid volume as soon as one month after 'l applica-
tion in all three groups (P<0.001). Afterwards, thyroid vol-
ume gradually decreased. Six months after 'l application,
the thyroid volume reduction was 73.3+14.3%, 78.1+7.7%
and 76.3+12.8% in the first, second and third groups, re-
spectively.

We found no correlation between the thyroid volume re-
duction and absorbed dose of ™'l or thyroid volume before
3] treatment. Yet, in patients with successful "'l treatment,
a significantly higher volume reduction was observed six
months after treatment than in patients with treatment fail-
ure (65.1£16.0% vs. 46.0+24.9%, P=0.025).

Changes of thyroid volume
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Figure 2. Changes of thyroid volume in the three groups, mean values are
shown,* P<0.001 (compared with the value before ™'l application)
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Discussion

Our results provide evidence that treatment with "'l is highly
effective and equally successful in patients not pretreated
with MMI and in patients that discontinued MMI one week
before treatment. In spite of being significantly more hyper-
thyroid before ™'l application, one month after treatment
the percentage of hyperthyroidism in patients not pretreat-
ed with MMI did not differ significantly from that in MMI pre-
treated patients. As reported in our previous work no clinical
exacerbation of hyperthyroidism was observed on the first
month after application of 'l alone [3].

Regarding the outcome six and twelve months after
treatment, similar success rates of more than 95% were ob-
served in groups | and Il. Comparable report by otherson a
smaller group of 61 patients with Graves’ disease similarly
showed equal outcome in patients treated only with ™'l
and in patients were MMI was stopped four days before ™'l
application [14]. However, the failure rate was 15.6% and
13.8%, respectively, which is much higher compared to
our study (3% and 4%, respectively). Others in a very small
group of 34 patients with Graves’ disease showed that
stopping MMl six days before 'l treatment had similar suc-
cess as no MMI pretreatment on one year success rate of *'|
treatment [16].

In concordance with previous studies, our group of pa-
tients treated with MMI till the day of ™'l application also
presented with significant rate of treatment failure. A large
prospective clinical study of 385 Graves’ patients confirmed
that stopping MMI two days before 'l treatment resulted in
a 50% increase of treatment success as compared to 'l treat-
ment carried out under MMI [20]. Earlier prospective clinical
study of 78 Graves’ patients revealed significantly lower up-
take of 'l and lower treatment success in a group of patients
receiving MMI than in patients without treatment [21]. Also
recently published meta-analysis confirmed that antithyroid
drugs potentially increase rates of failure if they are given in
the week before or after 'l treatment [22].

Methimazole has been shown to influence ™'l kinetics
by diminishing 'l uptake and blocking ™'l organification,
resulting in shortened ™'l effective half life and reduced
absorbed dose of 'l [6, 23]. Our data showed that MMI
significantly reduces "'l uptake, effective half life and ab-
sorbed dose. Others showed that the effective half life of
Bl was 1.6 days shorter and the absorbed dose of 'l 22%
lower in patients treated with MMI when compared with
patients not receiving MMI [13]. Similarly, a retrospective
clinical study including 555 hyperthyroid patients with
Graves' disease or toxic nodular goitre showed significant-
ly shorter effective half life of 'l in patients treated with
antithyroid drugs than in patients without such treatment
[23]. Several studies indicate that stopping MMI few days
before 'l diminishes the effects of MMI. In a prospective
clinical study including 77 patients with Graves’ disease,
effective half life of 'l increased on average for 2.5 days
after stopping MMI [24]. Significant increase of "'l uptake
and effective half-life was observed 3 days after withdraw-
al of MMI treatment in Graves’ patients [25]. It has been
indicated that three days of stopping MMl is long enough
to restore the success of 'l treatment and short enough
to avoid the risk of exacerbation of hyperthyroidism [26].
Those data were confirmed by this study, since we dem-
onstrated comparable percentage of 'l uptake, effective

half life of *'l, absorbed dose of 'l and a similar outcome
of 'l treatment in the group of patients where MMI was
stopped seven days before "'l application as in the group
without MMI pretreatment.

Absorbed dose has proven to influence importantly
on "' treatment success since positive outcome was ob-
served in all patients receiving more than 150Gy. In previ-
ous studies higher absorbed dose has been reported to
be required for successful outcome [27, 28]. As showed by
others, the absorbed dose of 200Gy was associated with
80% success of ™'l treatment [27, 29]. Others reported
94% success of 'l treatment in a group of 226 patients
with Graves’ disease without carbimazole treatment and
with target absorbed dose of 250Gy [30]. Better success
of 'l treatment in our study at the lower absorbed dose
compared to previously cited studies [27, 29, 30] could be
attributed to higher iodine supply in our country. Since
1999, kitchen salt in Slovenia is iodinated with 25-30mg
of potassium iodide per kilogram of salt, classifying our
country as an iodine sufficient region [17]. Insufficient io-
dine supply is responsible for the development of thyroid
autonomy [31] and autonomous thyroid tissue is more ra-
dioresistant compared to thyroid tissue in Graves’ disease
[4]. Therefore, we presume that higher absorbed dose is
necessary for successful treatment of Graves’ disease in io-
dine-insufficient areas.

As for thyroid volume, our data indicate that the reduction
after ¥'l treatment is not associated with the outcome. The
data in the literature are scarce. However, the thyroid reduc-
tion has been also observed in a prospective randomized
clinical study of 92 Graves’ disease patients treated with
555MBq of 'l or an activity calculated basis, in order to de-
liver 100Gy to the thyroid. Volume reduction was more than
70% one year after treatment and the bulk of this reduction
was found within the first six months [32].

In conclusion, our study indicates that application of '
alone is equally effective with a cure rate of more than 95%
in the nonpretreated group and in the group stopping MMI
one week before ™' treatment. Pretreatment with MMI till
the day of ™'l application reduces the success of ™'l treat-
ment by more than 30%. Application of *'l alone may be ap-
plied in most patients with Graves’ hyperthyroidism.

The authors declare that they have no conflict of interest

Bibliography

1. Andrade VA, Gross JL, Maia AL. Effect of methimazole pretreat-
ment on serum thyroid hormone levels after radioactive treat-
ment in Graves’ hyperthyroidism. J Clin Endocrinol Metab 1999;
84:4012-6.

2. Burch HB, Solomon BL, Cooper DS et al. The effect of antithy-
roid drug pre-treatment on acute changes in thyroid hormone
levels after 'l ablation for Graves' disease. J Clin Endocrinol
Metab 2001; 86: 3016-21.

3. Pirnat E, Zaletel K, Gaberscek S et al. Early changes of thyroid
hormone concentrations after *'l therapy in Graves’ patients
pretreated or not with methimazole. Nuklearmedizin 2004; 43:
129-34.

4. Dietlein M, Dressler J, Gronwald F et al. Guideline for radioio-
dine therapy for benign thyroid diseases (version 4). Nuklear-
medizin 2007; 46: 220-3.

m Hellenic Journal of Nuclear Medicine o January - April 2011

www.nuclmed.gr



Research Article

Meier DA, Brill DR, Becker DV et al. Procedure guideline for
therapy of thyroid disease with iodine-131. J Nucl Med 2002;
43:856-61.

Clerc J, Izembart M, Dagousset F et al. Influence of dose se-
lection on absorbed dose profiles in radioiodine treatment of
diffuse toxic goiters in patients receiving or not receiving car-
bimazole. J Nucl Med 1993; 34: 387-93.

Tuttle RM, Patience T, Budd S. Treatment with propylthiouracil
before radioactive iodine therapy is associated with a higher
treatment failure rate than therapy with radioactive iodine
alone in Graves’ disease. Thyroid 1995; 5: 243-7.

Hancock LD, Tuttle RM, LeMar H et al. The effect of propylth-
iouracil on subsequent radioactive iodine therapy in Graves’
disease. Clin Endocrinol (Oxf) 1997; 47: 425-30.

Sabri O, Zimny M, Schreckenberger M et al. Radioiodine thera-
py in Graves' disease patients with large diffuse goiters treated
with or without carbimazole at the time of radioiodine thera-
py. Thyroid 1999; 9: 1181-8.

Sabri O, Zimny M, Schulz G et al. Success rate of radioiodine
therapy in Graves' disease: the influence of thyrostatic medica-
tion. J Clin Endocrinol Metab 1999; 84: 1229-33.

Connell JM, Hilditch TE, McCruden DC et al. Effect of pretreat-
ment with carbimazole on early outcome following radio-io-
dine (*'l) therapy. Eur J Nucl Med 1984; 9: 464-6.

Marcocci C, Gianchecchi D, Masini | et al. A reappraisal of the
role of methimazole and other factors on the efficacy and out-
come of radioiodine therapy of Graves’ hyperthyroidism. J En-
docrinol Invest 1990; 13: 513-20.

Kung AW-C, Yau C-C, Cheng AC-K. The action of methimazole
and L-thyroxin in radioiodine therapy: a prospective study on
the incidence of hypothyroidism. Thyroid 1995; 5: 7-12.
Andrade VA, Gross JL, Maia AL. The effect of methimazole
pretreatment on the efficacy of radioactive iodine therapy in
Graves’ hyperthyroidism: one-year follow-up of a prospective,
randomized study. J Clin Endocrinol Metab 2001; 86: 3488-93.
Korber C, Schneider P, Kérber-Hafner N et al. Antithyroid drugs
as a factor influencing the outcome of radioiodine therapy in
Graves' disease and toxic nodular goiter. Eur J Nucl Med 2001;
28: 1360-4.

Braga M, Walpert N, Burch HB et al. The effect of methimazole
on cure rates after radioiodine treatment for Graves' hyperthy-
roidism. A randomized clinical trial. Thyroid 2002; 12: 135-9.
Kotnik P, Sirca Campa A, Zupancic M et al. Goiter prevalence
and urinary iodine concentrations in Slovenian adolescents.
Thyroid 2006; 16: 769-73.

Brunn J,Block U, Ruf Getal. Volumetrie der Schilddrésenlappen
Mittels Real-time Sonographie: Dtsch Med Wschr 1981;106:
1338-40.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pirnat E, Fidler V, Zaletel K et al. Early change of thyroid hor-
mone concentrations after *'l treatment in patients with soli-
tary toxic adenoma. Nuklearmedizin 2002; 41: 178-83.
Urbannek V, Voth E, Moka D, Schicha H. Radioiodine therapy of
Graves' disease —a dosimetric comparison of different strategies
concerning antithyroid drugs. Nuklearmedizin 2001; 40: 111-5.
Sabri O, Schulz G, Zimny M et al. Bestimmung von EinfluB3-
groBen fér den Therapieerfolg der Radioiodtherapie bei Pa-
tienten mit Morbus Basedow. Nuklearmedizin 1998; 37: 83-9.
Walter MA, Briel M, Christ-Crain M et al. Effects of antithyroid
drugs on radioiodine treatment: systematic review and meta-
analysis of randomised controlled trials. BMJ 2007; 334: 514-7.
Berg GE, Michanek AM, Holmberg EC, Fink M. lodine-131 treat-
ment of hyperthyroidism: significance of effective half-life
measurements. J Nucl Med 1996; 37: 228-32.

Moka D, Voth E, Schicha H. EinfluB von thyreostatischer
Medikation auf die effektive Halbwertszeit und den Uptake
von “'lod wahrend einer Radioiodtherapie. Nuklearmedizin
1997; 36: 87-92.

Walter MA, Crist-Crain M, Miiller B, Miiller-Brand J. Radioiod-
ine uptake and thyroid hormone levels on or off simultaneous
carbimazole medication A prospective paired comparison.
Nuklearmedizin 2005; 44: 33-6.

Walter MA, Crist-Crain M, Schindler C et al. Outcome of radio-
iodine therapy without, on or 3 days off carbimazole: a pro-
spective interventional three-group comparison. Eur J Nucl
Med Mol Imaging 2006; 33: 730-7.

Peters H, Fischer C, Bogner U et al. Radioiodine therapy of
Graves' hyperthyroidism: standard vs. calculated 131iodine
activity: Results from a prospective, randomized multicentre
study. Eur J Clin Invest 1995; 25: 186-93.

Dunkelmann S, Neumann V, Staub U et al. Results of a risk
adapted and functional radioiodine therapy in Graves' dis-
ease. Nuklearmedizin 2005; 44: 238-42.

Peters H, Fischer C, Bogner U et al. Reduction of thyroid vol-
ume after radioiodine therapy of Graves’ hyperthyroidism: re-
sults of prospective, randomized, multicentre study. Eur J Clin
Invest 1996; 26: 59-63.

Sabri O, Zimny M, Schreckenberger M et al. Characterization of
therapy failures in radioiodine therapy of Graves’ disease with-
out simultaneous antithyroid agents. Nuklearmedizin 2001; 40:
1-6.

Krohn K, Paschke R. Progress in understanding the etiology of
thyroid autonomy. J Clin Endocrinol Metab 2001; 86: 3336-41.
Peters H, Fischer C, Bogner U et al. Reduction of thyroid vol-
ume after radioiodine therapy of Graves’ hyperthyroidism: re-
sults of prospective, randomized, multicentre study. Eur J Clin
Invest 1996; 26: 59-63. b

www.nuclmed.gr

Hellenic Journal of Nuclear Medicine o January - April 2011 m



