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Summary

Although Graves’ disease has been recognised for more
than 100 years, its physiopathological mechanisms are in-
completely understood. Treatment strategies today main-
ly focus on suppression of thyroid hormone production by
use of antithyroid drugs or radio-iodine, but neglect the
underlying immunological mechanisms. Although Graves’
disease is often seen as a prototype for an autoimmune
mechanism, it is more likely to be a heterogeneous syn-
drome showing characteristics of both autoimmunity and
immunodeficiency. The interplay of these two mechanisms
may well characterise the physiopathology of this disease
and its complications. Immunodeficiency may be either
genetically determined or secondarily acquired. Various
triggering events lead to autoimmunity with stimulation of
the thyroid gland resulting in the clinical syndrome of hy-
perthyroidism. Also, relapse risk differs from patient to pa-
tient and can be estimated from clinical parameters incor-
porated into the Graves’ Recurrent Events After Therapy
(GREAT) score. Accurate risk stratification may help to
distinguish high-risk patients for whom a more definitive
treatment approach should be used from others where
there is a high probability that the disease will recover
with medical treatment alone. Several smaller trials having
found positive effects of immunosuppressive drugs on re-
currence risk in Graves’ disease; therefoore, there is great
potential in the use of novel immunomodulating drugs in
addition to the currently used antithyroid drugs for the suc-
cessful treatment of this condition. Further in-depth explo-
ration of susceptibility, triggering factors and immunolog-
ical mechanisms has the potential to improve treatment
of Graves’ disease, with more personalised, risk-adapted
treatment strategies based on the different physiopatho-
logical concepts of this heterogeneous condition.

Key words: Graves’ disease, review, aetiology, patho-
physiology
Introduction and aims

Graves’ disease was first recognised over 100 years ago as
an illness comprising an enlarged and overactive thyroid
gland, an accelerated heart rate and ocular abnormalities

[1]. Although the precise underlying mechanisms are in-
completely understood, an association between Graves’
disease and other autoimmune diseases has been demon-
strated. The association of Graves’ disease with other au-
toimmune diseases, namely the autoimmune polyen-
docrine syndromes (APS), makes autoimmune mecha-
nisms resulting from complex interactions between genetic
and environmental factors highly likely. One factor that
has been elucidated most is the role of thyrotropin-related
antibodies (TRAbs). As their formation precedes and in-
evitably leads to the occurrence of Graves’ disease, they
seem to represent the final common pathway. Various steps
are required before TR Abs become pathogenic. One step is
a somatic hypermutation of precursor B cells to recognise
the outer membrane porins of Yersinia enterocolitica, lead-
ing to cross-reactivity to a pathogen and the thyroid stimu-
lating hormone (TSH) receptor [2].

Interestingly, several randomised trials found positive ef-
fects of corticosteroids and other immunomodulating
drugs on recurrence risk of Graves’ disease [3]. Also, sev-
eral predisposing (risk) factors have been found that help
to estimate the probability of successful treatment of this
condition [3]. Within this current viewpoint article, we dis-
cuss novel immunological mechanisms that may be impor-
tant for the pathogenesis of Graves’ disease and new re-
search into risk prediction and use of immunomodulating
drugs, which may have an impact on the treatment of pa-
tients in the future [4, 5].

Risk factors for relapse of hyperthyroidism

In iodine sufficient areas, Graves’ disease is the most com-
mon cause of primary hyperthyroidism, with a prevalence
of around 0.5% [6]. In Asia and Europe, Graves’ disease is
usually treated with antithyroid drugs for 12 to 18 months
[6]. However, 40 to 60% of patients suffer a relapse of
hyperthyroidism after stopping medical treatment [7, 8].
In these situations, more definitive treatment options, in-
cluding surgery or radio-iodine, are usually recommended.
Different risk factors for relapse after stopping antithyroid
drugs have been reported, including younger age, goitre
size, smoking, male sex, more severe biochemical disease
and high levels of antibodies, among others [6]. In a recent
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systematic review and meta-analysis, we screened 1859
articles and identified 54 relevant studies including 7595
patients that reported risk factors for Graves’ disease re-
lapse. Smoking, goitre size, occurrence of endocrine or-
bitopathy, abnormal biochemistry (free thyroxine [fT4],
total triiodothyronine, TRAbs) and various genetic poly-
morphisms were associated with relapse risk. Other fac-
tors, such as age, male gender, and initial total thyroxine
levels were not significantly associated with relapse [9].
Quantitative analysis with meta-regression revealed low
prognostic accuracy of these factors when used individual-
ly. Thus, unless more powerful individual prognostic indi-
cators become available, combination of several risk fac-
tors into a risk score is mandatory to better estimate the
probability of relapse in an individual patient.

The GREAT score for risk stratification

Recently, a Dutch study group proposed the Graves’ Re-
current Events After Therapy (GREAT) score, which
groups patients into three risk classes based on various
clinical parameters [10]. The score was derived from a
prospective study of 178 patients with their first episode
of Graves’ hyperthyroidism treated with antithyroid drugs.
Younger age, larger goiters, higher serum fT4, and higher
serum thyrotropin-binding inhibitor immunoglobulin
(TBII) were identified as independent risk factors. Smok-
ing, gender, orbitopathy, and thyroperoxidase-antibodies
did not show any predictive power. The GREAT score
showed moderate discrimination between patients with
and without relapse with an area under the curve (AUC) of
0.67 (95% confidence interval [CI] 0.54—0.77). This score
was further refined by incorporating genetic information
— PTPN22 C/T polymorphism, and human leucocyte anti-
gen (HLA) subtypes DQB1*02, DQA1*05 and DRB1*03
— and called the GREAT+. The greatest benefit of the addi-
tion of genotyping was seen in patients with an intermedi-
ate risk.

As statistical models usually fit well in their derivation
sample, we recently externally validated the GREAT score
in a large retrospective analysis from four Swiss endocrine
outpatient clinics [11]. Of 741 included patients, 371 re-
lapsed (50.1%) after a mean follow-up of 26 months after
initiation antithyroid drug therapy. We found a strong in-
crease in relapse risk with more points in the GREAT score
from 33.8% in patients with GREAT class I (0—1 points),
59.4% in class II (2-3 points) with a hazard ratio of 1.79
(95% CI 1.42-2.27, p<0.001) and 73.6% in class III (4-6
points). Compared with the initial study, we found a high-
er relapse rate (50 vs 36%). This difference may be ex-
plained by several factors, including selection bias in the
original study (the authors excluded a substantial number
of patients, 67 of 263), differences in patient’s race and
initial treatment (thyroid ablative procedures) among oth-
ers. Based on this external validation, we believe that the
GREAT score could become part of a standard assessment
before the start of antithyroid drug treatment in patients
with Graves’ disease. Also, with more immunological ex-
ploration of this disease, the score may be refined in the
future to improve its accuracy.
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Are there benefits of additional immunosup-
pressive therapy in Graves’ disease?

Since their advent in the 1920ies, antithyroid drugs have
become the mainstay of medical therapy in Graves’ disease
[1]. Whereas therapy of other autoimmune diseases has
made great progress in the last 60 years since the introduc-
tion of glucocorticoids into therapy, little has changed in
the field of Graves’ disease, albeit the autoimmune nature
of the disease was unveiled in 1956 [1].

There have been some attempts to evaluate immunosup-
pressive drugs in Graves’ disease in the past, but they
are currently not recommended by international guidelines
owing to lack of more conclusive data derived from high
quality trials. Recently, a systematic review of trials ad-
dressed the question of whether the addition of immuno-
suppressive drugs to antithyroid drug therapy reduces re-
lapse risk in Graves’ disease [3]. Seven trials with 862
participants were included. Data were pooled with use of
a random-effects model and a risk ratio for recurrence of
0.55 (95% CI 0.41-0.75) was found for patients receiving
immunosuppressive drugs. It is important to recognise that
most trials were small with moderate to high risk of bias,
mostly old and heterogeneous, and adverse effects were
not systematically reported. Nonetheless, results remained
consistent in subgroup analyses for trials using corticos-
teroids and noncorticosteroid drugs and for randomised tri-
als as well as nonrandomised controlled trials. Given the
promising findings with a relevant reduction in recurrence
risk in Graves’ disease when immunosuppressive drugs are
added to a antithyroid drug regimen, this approach needs
large-scale validation in a high-quality randomised trial be-
fore such protocols are used in standard care.

Graves’ disease as a primary immunodeficien-
cy disease?

In addition to new research about risk prediction and im-
munosuppressive treatment options for Graves’ disease,
there has also been progress in the understanding of the
underlying pathophysiology. Relapse rates of hyperthy-
roidism are higher in the young, which may be explained
by genetic susceptibility. Also, monozygotic twins share a
concordance of up to 80% [12—14], which supports the hy-
pothesis of genetic susceptibility. We have recently learned
from patients with primary immunodeficiency diseases
such as common variable immunodeficiency (CVID) or se-
lective IgA deficiency that autoimmune complications may
occur later in life. Inmunodeficiency thus seems to be en-
tangled with autoimmunity [5]. The Fas(CD95)/Fas-ligand
system is an important regulatory mechanism in the control
of autoreactive T cells. Binding of the Fas-ligand to its re-
ceptor Fas activates apoptosis through activation of intra-
cellular caspases. Like Graves’ disease, a primary immun-
odeficiency disease with a lymphoproliferative syndrome
and autoimmunity ensues in cases of Fas-ligand mutations.
Interestingly, a cohort of 28 patients with Graves’ disease
has been described, of whom 24 had impaired T cell apop-
tosis after Fas binding [15]. Furthermore, there is the ques-
tion of why thyrocytes in Hashimoto's thyroiditis succumb
to apoptosis, whereas those in Graves’ disease do not [16].
This might be explained by the fact that intrathyroidal T
cells in Graves’ disease release apoptosis-inhibiting factors
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such as caspase-8 inhibitor protein and antiapoptotic Bcl
proteins [17].

Autoreactive cells occur on a daily basis in every human
and need to be tightly controlled. Autoreactive T cells are
kept in control by regulatory T cells (Tregs). Essential for
the maturation of these Tregs is the transcription factor
forkhead box P3 (FOXP3). Mutations in FOXP3 lead to
the immunodysregulation polyendocrinopathy enteropathy
X-linked (IPEX) syndrome, which is characterised by the
loss of Tregs and manifestation of eczema, enteropathy
and endocrinopathy (both hypo- and hyperthyroidism) [18,
19].

Although there are only few and small studies, one analysis
provided evidence that the number and function of Tregs
was significantly reduced in the blood of Graves’ disease
patients [20]. Interestingly, FOXP3 is located on the X
chromosome, which might explain the female predomi-
nance in autoimmune diseases [18].

Though many patients do not have symptoms, selective
IgA deficiency is the most prevalent form of immunodefi-
ciency worldwide. Many persons develop autoimmune dis-
eases, including Graves’ disease, and it is believed that the
interplay between IgA and its receptor deactivates certain
pathways of the immune system [21]. A handful of stud-
ies have reported mostly consistent associations between
IgA deficiency and various autoimmune diseases (such as
celiac disease, rtheumatoid arthritis, type 1 diabetes), in-
cluding Graves’ disease [22]. Interestingly, IgA deficien-
cy does not stem from IgA gene mutations, but is associ-
ated with the HLA-haplotype 8.1 (i.e. HLA-A1, B8, DR3,
DQ2) [21, 23].

In summary, there is evidence that Graves’ disease is a
heterogeneous syndrome, with patients showing signs of
both autoimmunity and immunodeficiency. More profound
exploration of these different mechanisms may help us to
better understand individual variations in this disease with
consequences for relapse risk and treatment approaches in
the future.

Conclusion

Although there has been extensive research into the ae-
tiology of Graves’ disease, so far no unifying causative
agent has been identified. This might reflect the fine bal-
ance between anergy and autoimmunity that challenges our
immune system daily. In light of these findings, a multi-
faceted aetiology is very likely. This puts Graves’ disease
in line with the concept that autoimmunity and immun-
odeficiency are not two distinct phenomena, but in fact
two sides of the same coin. It can thus be speculated that
Graves’ disease patients in fact have either a genetical-
ly determined or secondarily acquired immunodeficiency.
A better understanding of the immunological mechanisms
may allow more accurate risk prediction and the identifi-
cation of more personalised drugs that target specific im-
munological pathways, thereby opening the door for more
risk-adapted and personalised treatment approaches in the
future.
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