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Introduction

Hengameh Abdi, MD.

Ms. E.A. is a 36-year-old woman who has been referred
for the management of recurrent hyperthyroidism. She
was always healthy with no significant medical history un-
til about 30 months ago when she developed signs and
symptoms of hyperthyroidism with a 45-gm diffuse goi-
ter. Laboratory test results were as follows: thyrotropin
(TSH) < 0.01 mU[L, free thyroxine (fT4): 42 pmol/L (nor-
mal range, 10 - 23 pmol/L), TSH receptor antibodies (TRAb):
15.6 IU/mL (normal range, < 1.75 IU/mL). She was treated
with methimazole (MMI) via titration method, and thy-
roid hormone concentrations became normal within six
weeks. She continued MMI 5 mg daily for 18 months; one
year ago, she had a goiter weighing 30 gm and following
thyroid-related tests: TSH: 1.8 mU/L, fT4: 18 pmol/L, serum
TRAb =1.6 IU/mL; MMI was discontinued, and she did well
until one month ago (nearly eleven months after MMI dis-
continuation) when she experienced palpitation, tremor,
anxiety, and insomnia and lost 3 kg of weight. Now, a dif-
fuse goiter is evident; there are no symptoms or signs of
Graves’ orbitopathy. Recent serum TSH concentration is
0.06 mU|L, serum fT4 is 42 pmol/L, and serum TRAD is 11.6
IU/mL. According to this history and results of laboratory
tests, she wants to know which therapeutic modality is rec-
ommended.

o Option 1: Recurrent Graves’ hyperthyroidism should
be treated with radioiodine.

o Option 2: Long-term methimazole is the treatment of
choice for recurrent Graves’ hyperthyroidism.

Herein, two experts, the first, a nuclear medicine spe-
cialist, and the second, a thyroidologist, defend their treat-

ment choices based on the existing evidence and their own
experience.

Option 1: Recurrent Graves’ Hyperthyroidism Should
Be Treated with Radioiodine

Seyed Rasoul Zakavi, MD.

Graves’ disease (GD) is the most common cause of
hyperthyroidism, which can be treated with three differ-
ent options: antithyroid drugs (ATD), radioiodine therapy
(RIT), and surgery (1). The RIT with I-131 has been the first
choice in the primary treatment of GD in North America
for many decades, while ATD has been preferred in the
EU and Japan. A survey in 2011 showed that ATD was in-
creasingly used in North America compared to previous
decades, while in contrast, the use of radioiodine was in-
creased in the eastern part of the globe (1, 2). National Insti-
tute for Health and Care Excellence (NICE) guideline-2019
recommends [-131 as the first-line therapy in the primary
treatment of GD (3). The diverse pattern of preferences in
different countries indicates that ATD and RIT have simi-
lar efficacy in controlling primary hyperthyroidism, and
other factors may play a role in choosing the best treat-
ment option (4). That is why the American Thyroid Asso-
ciation (ATA) guideline on diagnosis and management of
hyperthyroidism in 2016 emphasizes patient values that
may affect the choice of therapy (1). For recurrent GD, how-
ever, there are more consensus on the selection of defini-
tive treatment, and European thyroid association (ETA)-
2018 and NICE-2019 guidelines recommend RIT in patients
with recurrent GD (3, 5).

In my opinion, RIT is the appropriate therapy in a 36-
year-old woman with recurrent GD who has previously
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been treated with methimazole for 18 months and experi-
enced recurrence after one year with elevated TRAb and no
ophthalmopathy. My recommendation for RIT in this pa-
tient is based on the following points:

1-ATD is not a definitive treatment for hyperthyroidism
and recurrence following ATD has been reported in 40 -
80% of the cases in different studies; the longer the follow-
up time, the higher the chance of recurrence (1, 6). In a
meta-analysis, including 26 randomized trials and involv-
ing 3,388 participants, the optimal duration of ATD ther-
apy was 12 - 18 months, and the extension of ATD therapy
did not provide any benefit in terms of the recurrence of
hyperthyroidism (7). However, few publications mainly
from a single center, reported that the administration of
a low dose of methimazole for a longer time is associ-
ated with a higher rate of remission of hyperthyroidism
(8, 9). Anyhow thionamids are associated with a variety
of adverse effects, some of them are life-threatening (10).
The list of complications of ATD is extensive and ranges
from mild skin reactions to birth defects, fatal hepatitis,
agranulocytosis and antineutrophil cytoplasmic antibod-
ies (ANCA) vasculitis (1, 11-14). A meta-analysis of 31 cohort
studies showed that complications of ATD were seen in 13%
of the patients; however, life-threatening complications
were rare (15). Anyhow, 4% of the cases with agranulocy-
tosis, mostly within 90 days of ATD initiation, were fatal in
a national database survey for adverse effects of ATD. The
MMI dose ranged between 5 and 45 mg in these fatal cases.
Furthermore, they showed that agranulocytosis may hap-
pen after the second or subsequent exposure to ATD (16).
So, lack of complication in the first course of therapy with
ATD does not guarantee its safe use in the subsequent treat-
ments. ATD-induced hepatotoxicity is another potentially
fatal complication that may be seen with MMI and propy-
Ithiouracil (PTU) and may present as fulminant hepatitis
with PTU (13). In the case under discussion, there is no
compelling evidence that imposing another risk of com-
plications, although rare, is justified, while there is a high
chance of recurrence of the disease too. Moreover, this
young patient may have a pregnancy in the future, which
requires changing from MMI to PTU, imposing further risk
of complication to the patient.

2- The RIT has been used for the treatment of GD for
more than 70 years with no life-threatening complications
(17). It is a highly effective treatment and a meta-analysis
showed that treatment efficacy of RIT is much better and
the complications are much less than ATD (15). It is the pre-
ferred therapy for recurrent GD, according to ETA and NICE
guidelines (3, 5). The main complication of RIT is hypothy-
roidism, which is considered the goal of many guidelines
(1, 5). Hypothyroidism can easily be treated with thyroid
hormones without any complications, although lifelong

administration of thyroid hormones is mandatory. The
rate of hypothyroidism depends on the administered ra-
dioiodine dose, the higher the dose, the higher the chance
of hypothyroidism (1). Different dose-dependent strategies
of fixed versus individualized doses (based on thyroid ra-
dioiodine uptake and weight) have been used interchange-
ably in the past (18). Furthermore, both of these strategies
can be applied using either low or high doses of radioio-
dine. Anyhow, it is shown that among fixed-dose strate-
gies, radiation received by the thyroid is not related to the
administered radioiodine dose (19, 20). Comparing differ-
ent treatment modalities like ATD and RIT in terms of ef-
ficacy and complications requires the implementation of
standard treatment in each arm. We have shown that indi-
vidualized dose RIT is more effective than fixed-dose proto-
cols and could treat patients with smaller doses of admin-
istered radioiodine and lower whole-body radiation (21).
3- Another complication is worsening or de novo oc-
currence of Graves' orbitopathy (GO) in at-risk patients
that has been reported more commonly after RIT than thy-
roidectomy or ATD (22); however, the addition of steroid
prophylaxis is an established, safe, and effective way to pre-
vent worsening of GO (23, 24). Although there are reports
that higher doses of radioiodine (300 Gy versus 200 Gy)
may have a better outcome in terms of GO (25), we have
shown for the first time that an individualized dose of I-131
with 5.55 MBq/gr of thyroid weight is associated with the
lowest risk of worsening of GO compared to fixed-dose pro-
tocols (21). We hypothesized that RIT using fixed-dose ra-
dioiodine may be associated with over destruction of the
thyroid tissue and antigen release that may be associated
with worsening of GO. However, de novo GO after RIT is
rare, and there is no randomized clinical trial indicating
that the long-term outcome of mild GO is better using ATD
compared to definitive treatment (5). Also, treatment for
hyperthyroidism is unlikely to cause ocular changes and,
therefore, is chosen irrespective of GO (26). In the patient
under debate, with regard to the lack of GO, no steroid pro-
phylaxis is needed before RIT, and we do not expect to have
de novo GO after RIT. Other complications of RIT, such as
neck pain or swelling and transient worsening of thyrotox-
icosis after RIT, are more common in patients with large
multinodular goiter that is not the case in our patient.
4-Cardiovascular diseases are the most common cause
of death in patients with hyperthyroidism. The GD is as-
sociated with increased mortality, and it is shown that
mortality in GD is dependent on the cumulative period
of suppressed TSH levels (27, 28). A large cohort study
with 20,651 cardiovascular death in hyperthyroid patients
showed that increased cardiovascular risk was driven by
insufficient treatment of hyperthyroidism (29). Another
cohort study confirmed that effective control of hyperthy-
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roidism is associated with lower cardiovascular mortality,
so rapid and sustained control of hyperthyroidism should
be prioritized in the management of GD (30). Relapse of hy-
perthyroidism is more common with ATD, and periods of
hyperthyroidism and hypothyroidism could be detrimen-
tal and could result in higher cardiovascular and overall
mortality (28). Three different studies revealed a higher
overall mortality rate in patients treated with ATD com-
pared to patients treated with RIT (30-32). Interestingly, the
mortality was 50% lower in patients who were successfully
treated with RIT and not in patients with treatment failure,
underpinning the importance of effective control of hy-
perthyroidism (30). Recently, an observational study look-
ingatthe data from patients with GD who had been treated
with RIT from the mid-1940s to mid-1960s has suggested
excess cancer-related mortality in radioiodine treated co-
horts compared to the background population. However,
the study has major drawbacks as dosimetric data were
available in only 197 patients and extrapolated to all oth-
ers (33). The interpretation of this study is severely con-
strained by study design that included multiple dosimet-
ric assumptions that might not be correct, no adjustment
forrelevant cancerrisk factors like smoking, obesity, or thy-
roid hormone status, and no ATD control group. So, the
study could not distinguish the effect of treatment from
the disease itself. Interestingly, one of the co-authors of the
same article published additional analysis from the same
dataset by addition of hyperthyroid patients treated with
ATD as a control group and, in direct contrast, found ex-
cess cancer mortality in patients treated exclusively with
ATD and not in patients treated with RIT (34). This finding
is consistent with previous reports of cancer-related mor-
tality in patients treated with ATD (35). Although the as-
sociation of cancer with ATD therapy has been reported,
it seems that cancer-related mortality is more associated
with uncontrolled hyperthyroidism rather than the ther-
apy modality itself (15). So, effective control of hyperthy-
roidism should be the main focus of the treatment of GD,
which is better achieved with RIT (15).

5- Another issue that should be discussed is the qual-
ity of life and cost-effectiveness of different treatment op-
tions. According to the NICE guideline on the manage-
ment of hyperthyroidism, RIT is more cost-effective than
surgery or ATD for the treatment of adult patients with
GD (3). While reports from England, Australia, and Ger-
many showed that RIT was least expensive and/or most
cost-effective in the primary treatment of GD, not all pub-
lications from the USA were confirmatory (36-39). Further-
more, the cost-utility analysis of RIT compared with ATD in
Japan, considering all medical costs for 40 years following
treatment, showed that RIT is superior to ATD in patients
with GD (40). In a 14 - 21 year follow-up in Sweden, health-
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related quality of life (HRQL) of patients who were random-
ized for treatment with ATD, RIT, or surgery were assessed
using SF36 and QoL2004, and it was not significantly differ-
ent (41). Although in a sub-cohort survey, patients treated
with ATD or thyroidectomy had better thyroid-related and
general QoL compared to those received RIT, the sick leave
from work was not different between the three treatment
modalities (42).

In conclusion, it is our responsibility as physicians to
explain in simple words to the patients the advantages
and complications of each therapy option and share them
in choosing the appropriate treatment. This approach
requires that physicians spend enough time, have up to
date knowledge, and avoid any potential conflict of in-
terest. However, as this clinical debate indicates, practi-
cally, it may turn to a physicians’ choice rather than pa-
tients’ choice. For me, it is safer to take lifelong levothy-
roxine than long-term methimazole, and I recommend ra-
dioiodine for recurrent GD in this patient as a more effec-
tive modality with no life-threatening complication, lower
costs, and probably lower chance of death.

Option 2: Long-term Methimazole is the Treatment of
Choice for Recurrent Graves’ Hyperthyroidism.

Fereidoun Azizi, MD.

Graves’ disease (GD)is caused by a complex interaction
of genetic and environmental risk factors; it is a common
disease with a prevalence of 1-1.5% in the general popu-
lation. Its natural course is prolonged with relapsing and
remitting episodes of hyperthyroidism for many years. In
this autoimmune disease, TRADb stimulates TSH receptors
of thyrocytes and causes hyperthyroidism (43).

The introduction of two modes of treatment for hyper-
thyroidism in 1940s, thionamide ATD through inhibition
of thyroid hormone synthesis and radioactive iodine (RAI)
therapy via ablation of thyroid tissue, have been consid-
ered as great progress for management of GD (44). How-
ever, none of these therapeutic approaches or thyroidec-
tomy has been able to re-establish normal lifelong thyroid
function in all patients permanently (45). RAl and surgery
cause hypothyroidism for the rest of the patient’s life, and
conventional 12-18 months of ATD treatment has a risk of
20-70% (average 50%) relapse upon ATD withdrawal (1).

The ATD has been the treatment of choice for hyperthy-
roidism in Europe, Japan, and Latin America, while physi-
cians in the US preferred RAI treatment for Graves’ hyper-
thyroidism for many decades (46). This attitude has been
changed in the last decade, and ATD has become the first
treatment choice in the US, as well (47). Since ATD has be-
come the preferred treatment of newly diagnosed Graves’
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patients in many countries of the world, the major ques-
tion is which mode of treatment is advisable for 50% of pa-
tients who experience the relapse of hyperthyroidism af-
ter ATD withdrawal; such patients may have a choice of RAI
and thyroidectomy or re-institution of ATD treatment with
long-term duration (48).

Subtotal thyroidectomy is accompanied by 29% per-
sistent or recurrent hyperthyroidism and 50% hypothy-
roidism, resulting in only 19% euthyroidism after 6 years
of follow-up (49). Therefore, both ATA and ETA recommend
total thyroidectomy as the preferred mode of surgery for
GD, whichresults in permanent hypothyroidism in the ma-
jority of patients (1, 5). Considering other worrisome, al-
though rare, complications of recurrent nerve injury, hy-
poparathyroidism, and peri-operative adverse events, [ do
not recommend total thyroidectomy to Ms. E.A.

The reported rate of recurrent hyperthyroidism after
sub-ablative doses of RAI is 61-69% (50). Administration of
ablative doses of RAI cause 77,17, and 6% hypo-, hyper-, and
euthyroidism at one year, respectively, and 14% require the
second RAI dose. 80 months after RAI treatment, 86, 3.2,
and 3.3% of patients became hypo-, hyper-, and euthyroid,
and 6.4% died (51). It hasrecently been reported that in RAI-
treated patients with hyperthyroidism, the risk of death
from solid cancer increases (33); however, the study has
some limitations. Regarding cardiovascular disease as the
major cause of death in hyperthyroid patients, it is related
to the cumulative period of suppressed serum TSH (28, 29).
A head to head trial comparing efficacy and side effects of
ATD versus RAI therapy have shown a higher occurrence
of suppressed TSH in RAI treated hyperthyroid patients on
levothyroxine, as compared to patients on long-term ATD
(LT-ATD) therapy(52), a finding which may increase the risk
of death in RAI-treated patients with GD.

Both ablative RAI doses and total thyroidectomy create
another disease, i.e., hypothyroidism, requiring lifelong
thyroid hormone replacement in the majority of patients.
Levothyroxine therapy may accompany lower triiodothy-
ronine to T4 ratio, higher body mass index, serum lipid
derangements, lower resting energy expenditure, and im-
pairment of psychological well-being compared to normal
controls or euthyroid Graves’ patients (53-57). In addition,
the most recent evaluation of the quality of life has shown
greater impairment of both thyroid-specific and general
quality of life scores in RAI-treated patients compared to
those treated with ATD or surgery (42).

For decades after the ATD introduction for treatment of
hyperthyroidism, it was believed that 12-18 months is the
optimal duration of therapy, and increasing the duration
of ATD therapy would not increase the remission rate after
drug withdrawal (7, 58). The effectiveness of continuous
LT-ATD treatment for Graves’ hyperthyroidism was intro-

duced in 2005 (52). Recently, few other studies have also re-
ported higher remission rates with LT-ATD treatment (59-
61), and two systematic reviews and meta-analyses showed
efficacy (8) and safety of LT-ATD therapy (62). More recently,
it was shown that methimazole (MMI) therapy of patients
with GD for 60 - 120 months is effective and safe and only
8 and 16% of patients experience a relapse of hyperthy-
roidism 12 and 48 months after discontinuation of MMI, re-
spectively (9). Similar findings were reported in patients
with Juvenile GD (63, 64).

Based on the results of one of the largest cohort of ATD
treated patients with GD, in many patients, serum TRAb
concentration may become normal after conventional ATD
therapy but will fluctuate after discontinuation of ATD,
and remission of GD occurs after 4 - 11 years (median 6.8
years) of ATD therapy (65). These findings point to the im-
portance of LT-ATD treatment to ensure a higher probabil-
ity of remission. In Ms. E.A., serum TRAb concentration was
1.6 IU/mL at the end of the first course of MMI therapy; how-
ever, she experienced a recurrence of hyperthyroidism af-
ter MMI withdrawal. Relapse of hyperthyroidism occurs in
80-100% of patients with persistent high TRAb levels and
20-30% of those with low or undetectable TRAb; however,
64% of Graves' patients have TRAD titers of 1.5-10 IU/mL
at the end of conventional ATD treatment, and 40-80% of
these patients may have a recurrence of hyperthyroidism
after discontinuation of ATD therapy (66, 67).

Irecommend Ms. E.A. to choose long-term MMI for con-
trol of her disease. This advice is based on the following
evidence-based data, as compared to RAI treatment (68):

1. More sustained euthyroidism (52, 59-61);

2. Less variations in serum TSH concentrations (9, 52,
60);

3. Lower occurrences of both subclinical and clinical
hypo- and hyperthyroidism (9, 52, 60, 61);

4. Less chance of developing orbitopathy (61, 69);

5. Better lipid profile and body mass index (53, 57);

6. Better quality of life (42, 52);

7. Similar or lower overall medical cost (52, 60);

8. Rare drug adverse effects during ATD therapy with a
low maintenance dose of MMI (70).

In conclusion, the 2016 ATA guidelines state that if a
patient becomes hyperthyroid after conventional 12 - 18
months of ATD therapy, RAI or thyroidectomy should be
considered, and continuous low dose MMI may be adopted
in patients, not in remission (persistently high TRAD).
More recent clinical studies have shown that LT-ATD treat-
ment is safe and provides control of hyperthyroidism with-
out replacing it with hypothyroidism. In addition, LT-ATD
treatment of > 5 years is accompanied by a cure of dis-
easein 86% of Graves’ patients after ATD withdrawal. There-
fore, this mode of therapy has become another effective
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and safe treatment for patients with relapse of Graves’ hy-
perthyroidism. It is noteworthy that Graves’ disease re-
quires lifelong follow-up because of the possibility of re-
currence of hyperthyroidism and the occurrence of spon-
taneous hypothyroidism (48). Therefore, physicians and
patients should consider the natural course of GD and the
benefits and adverse events of each therapeutic approach
to select the most suitable treatment modality for each par-
ticular patient.
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