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ABSTRACT

Introduction: Graves’ disease (GD) is the first cause of hyperthyroidism in children. Choosing best
treatment is challenging.

Our objective was to report the experience of a Pediatric Endocrinology Unit from the past 18 years
in a Tertiary Hospital.

Methods: Retrospective study of GD patients diagnosed from January/2000 to April 2018. Results
are expressed as mean and standard-deviation, p-values <0.05 considered significant.

Results: We found 21 patients, 19 girls, 38.0% diagnosed in the last two years. At diagnosis, mean age
was 11.94+3.50 years, 6 patients with ophthalmopathy and 6 were pre-pubertal. Five patients presented
family history of thyroid disease. All patients received anty-thyroid drugs (ATD) as first treatment.
Mean time since diagnosis until thyroid stimulating hormone (TSH) normalization was higher for
propylthiouracil (6.50+0.71 months [6.00-7.00]) versus methimazole (4.39+2.94 months [0.81-
10.00]) - p=0.049. No adverse effects were reported with methimazole, one patient treated with
propylthiouracil developed hepatitis.

Mean treatment duration was: PTU 40.60+35.54 and MMI 28.90+13.20 months; p=0.282; remis-
sion rate was 23.80%, similar for both ATD (p=0.643) and relapse rate was 25.,00%. After TSH
normalization, ATD maintenance mean time was: PTU 20.50£2.10 and MMI 24.51+14.00 months -
p=0.323. Definitive treatment was used in 8 patients, RAI in 6; one patient needed a second dose and
there were no adverse reactions. After surgery, one patient developed persistent hypoparathyroidism.
Conclusion: Despite a rapid achievement of euthyroidism, treatment duration was longer than re-
viewed in literature and only 23.80% of patients entered remission. Surgery and RAI were used as sec-
ond line treatment options, with high rate of success and with only one reported case of adverse effects.

Doenca de Graves na Pediatria: Casuistica dos Ultimos 18 Anos
numa Unidade de Endocrinologia Pediatrica
RESUMO

Introducdo: A doenca de Graves (DG) ¢ a principal causa de hipertiroidismo em idade pediatrica. A
escolha do tratamento mais adequado ¢ ainda um desafio.

O presente estudo pretende avaliar a experiéncia dos ultimos 18 anos de uma Unidade de Endocrino-
logia Pediatrica no tratamento e seguimento dos doentes pediatricos com DG.

Meétodos: Estudo retrospetivo dos doentes diagnosticados com DG entre janeiro de 2000 e abril de
2018. As variaveis em estudo foram analisadas estatisticamente e os resultados expressos em média,
percentagens e desvio-padrao. O nivel de significancia estatistica definido foi <0,05.

Resultados: Dos 21 doentes estudados, 19 eram do sexo feminino e 38,00% foram diagnosticados
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nos tltimos dois anos. A idade média ao diagndstico foi 11,9443,50 anos, 6 pacientes apresentavam
oftalmopatia e 6 eram pré-puberes. Cinco pacientes tinham historia familiar de patologia tiroideia.
Todos foram medicados com anti-tiroideus (ATD) como tratamento de primeira linha.

O tempo médio desde o diagnostico até a normalizagdo da TSH foi superior para o propiltiouracilo
(6,50+0,71 meses (6-7) versus metimazole 4,39+2,94 meses (0,81-10,0) - p=0,049). Nao se regista-
ram efeitos adversos com o metimazole, um paciente tratado com propiltiouracilo desenvolveu um
quadro de hepatite.

A duracao média do tratamento foi: propiltiouracilo 40,60+35,54 meses e metimazole 28,90+13,20
meses, p=0,282; a taxa de remissdo foi 23,80%, semelhantes para ambos os farmacos (p=0,643) ¢ a
taxa recaida foi de 25,00%.

Apos normalizagao da TSH, o tempo médio de manutengao dos ATD foi: propiltiouracilo 20,50+2,10
e metimazole 24,51+14,00 meses - p=0,323. Oito pacientes foram submetidos a tratamento definiti-
vo, 6 deles a iodo; um paciente submetido a iodo necessitou de segunda dose, sem efeitos adversos.
Apos cirurgia, um paciente desenvolveu hipoparatiroidismo persistente.

Conclusdo: Apesar de rapidamente se atingir o eutiroidismo, a duragdo de tratamento ¢ superior
ao encontrado na literatura e apenas 23,80% dos pacientes entraram em remissdo. A terapéutica
definitiva, utilizada como tratamento de segunda linha, apresentou uma elevada taxa de sucesso sem

efeitos adversos com apenas um efeito adverso reportado.

Introduction

Graves’ disease (GD) is the major cause of hyperthyroidism
in children and adolescents with a reported incidence of 0.1 per
100 000 person/year in young children and 3 per 100 000 person/
year during puberty (peak age of diagnosis between 11-15 years),
with a female-to-male predominance (5-10:1)." * In pediatric age
the main clinical features associated with untreated or partially
treated thyrotoxicosis are goiter, tachycardia, nervousness, hy-
pertension, tremor, weight loss despite increased appetite, hyper-
activity, irregular menses, ophthalmopathy, heat intolerance and
diarrhea.”>’

Thyrotropin receptor stimulating antibodies (TRAbs) play
an important role in GD’s physiopathology by stimulation of the
TSH receptor with consequent increase in thyroid hormone pro-
duction and release and thyroid tissue growth.>’

The treatment of pediatric patients with GD is still a matter of
controversy and a particular challenge in children under 5 years.
In fact, the risks after radioactive iodine (RAI) and post-surgical
complications are thought to be higher in those children but pro-
gressively declining when used in advanced ages.”* From all ther-
apeutic options available such as anti-thyroid drugs (ATD), RAI
and thyroidectomy, it is somehow consensual that all children
should start treatment with ATD, unless there is some contraindi-
cation.”>**1° Since 2010, methimazole (MMI) is the only ATD ap-
proved as first line choice in childhood, since FDA has contrain-
dicated propylthiouracil (PTU) for the high risk of PTU-induced
severe hepatitis.>*'" If remission is not achieved after a course of
therapy with ATDs, then RAI or surgery should be considered.
Alternatively, MMI therapy may be continued for long term or
until the child is considered old enough for surgery or RAL>*!°
Considering RAI therapy, it is recommended that it should be
administered in a single dose to render the patient hypothyroid.
Poor remission rates have been described with lower doses which
are also associated with higher risk of thyroid neoplasia. Recom-
mended doses are usually >5.55 MBq/g and in large glands (50—
80 g) 7.40-11.10 MBq/g. Before RAI administration thyroid vol-
ume should be evaluated by scintigraphy or ultrasonography.*'*!

Another controversial issue of GD’s treatment in pediatric age
is duration of ATD. Remission rates are lower (15%-30% vs 40%-
60% in adults) despite more prolonged treatments (over 2 years)
and relapse rates can be as high as 70%.'!%!* Recent studies have
been focusing on finding predictive factors that can correlate with
a greater likelihood of remission. An older age, a greater body

mass index (BMI) at diagnosis, a smaller goiter size, a greater
initial dosage, lower levels of TRAbs and prolonged drug treat-
ment have been identified as positive predictive factors of remis-
SiOIl."mS

The purpose of the present descriptive study was to evaluate
the long-term treatment outcome of GD patients followed in a Ter-
tiary Hospital Pediatric Endocrinology Unit in the past 18 years.

Material and Methods

Between January 2000 and April 2018, 25 children and ad-
olescents with GD were diagnosed in the Pediatric Endocrinol-
ogy Unit of Hospital de Braga. All patients were younger than
18 years, with at least 6 months follow-up, independent of time
of diagnosis. Two patients were excluded because they have lost
follow-up and another 2 patients because they have not accom-
plished minimum follow-up time.

For the remaining 21 patients, a detailed personal history was
documented including: gender, age, past medical history, age at
diagnosis, pubertal stage at diagnosis, age at discharge and total
follow-up time, as well as family medical history.

Anthropometric data (weight, height and BMI) before and af-
ter each treatment course was also recorded.

Measurements

Thyroid stimulating hormone (TSH), serum free T4 (FT4) and
total T3 (T3) and TRAbs were registered at diagnosis and after
each treatment adjustment. Serum FT4 and T3 were measured by
chemiluminescence technique, TSH by immunochemiluminomet-
ric assay and TRAbs with immunoenzimatic assay.

Our lab reference ranges of serum parameters for euthyroid
subjects used were (16): TSH in prepubertal children 0.60-5.50
pU/mL, in pubertal children 0.50-4.80 pU/mL; T3 2.00-6.00 pg/
mL; FT4 in prepubertal children 5.50-12.80 pg/dL, in pubertal
children 4.90-13.00 ug/dL; TRAbs negative <1 U/L, equivocal
1.10-1.50 U/L and positive >1.50 U/L.

Thyroid volume assessment was performed by ultrasonogra-
phy and compared to reference values obtained in normal chil-
dren. The formula used to obtain volume was: volume of each
lobe (mL) = anteroposterior diameter (cm) x mediolateral diam-
eter (cm) x craniocaudal diameter (cm) x 0.479, and both lobe
volumes were summed. '’
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Anti-Thyroid Drug Treatment

About ATD treatment the authors included: first drug used, ini-
tial dosage, drug adverse effects, time since the initiation of treat-
ment until normalization of T3, FT4 and TSH; total duration of ATD
treatment, remission rate, disease-free time and disease’s relapse.

Remission and Relapse

Those terms were defined according to most published se-
ries.>'* Thus, “Remission” refers to disease-free time, without
therapy, for 12 or more months and “Relapse” states to recurrence
of disease after 12 months of ATD withdrawal.

Definitive Treatment

The authors reported the number of patients that were selected
for definitive treatment, type of treatment (RAI or surgery), asso-
ciated acute and chronic complications, including hypothyroidism
with RAI Individual RAI dose and thyroid volume were estimat-
ed from scintigraphy according to Allen’s formula.'”

Statistical Analysis

Results are expressed as numerical values (%) and
mean+tstandard deviation (SD). Baseline and outcome variables
were compared using Student’s t-test for continuous variables
with normal distribution, Mann-Whitney test for qualitative vari-
ables without normal distribution and x>-test for categorical vari-
ables, with p-values <0.05 being considered significant.

The data collection was conducted according to the Hospital’s
Ethical Committee proceedings and the Declaration of Helsinki.

Results
Patient Characteristics

Twenty one patients were included, 19 female and 2 male
(9.5:1 ratio), with a mean age at diagnosis of 11.904+3.50 years

(4.00-16.00). The youngest patient was diagnosed at 4 years of
age. The first diagnosis occurred in 2001 and the latest one was
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Figure 1. Number of diagnosis of GD in each year since January 2000 until
April 2018.

The line represents the increasing tendency in the number of diagnosis through
the years.

included in October 2017. The authors reported an increase in the
number of diagnosis since 2010, with 38.00% of patients includ-
ed in the last two years (Fig. 1). Six patients were prepubertal
(28.06%) and 15 (71.40%) were pubertal at diagnosis.

Mean BMI at diagnosis was 19.50+2.90 kg/m? and at the mo-
ment of discharge or last consultation was 22.00£2.50 kg/m?.

Family history of thyroid disease was present in 23.80% (n=5)
patients, all of them female; two patients presented a relative with
hypothyroidism, one had a mother with medullary thyroid car-
cinoma, another patient had three maternal relatives with toxic
multinodular goiter (TMNG) and the last one presented history of
GD in her mother and TMNG in her grandfather; 23.80% (n=5)
had personal history of allergic disease and 19.00% (n=4) had an-
other auto-immune disease (type 1 diabetes mellitus in two pa-
tients, idiopathic juvenile arthritis and Kawasaki disease).

Six patients (28.60%) presented Graves' ophthalmopathy at
the moment of diagnosis.

Twelve patients still maintain follow-up in Pediatric Endocri-
nology Unit, the remain were discharged to adult’s Unit, mean age
14.604£2.60 (10.40-17.20). Mean follow-up time after discharge
was 6.00+4.50 years. Those that maintain follow-up have a mean
follow-up time of 2.73+1.87 years.

Analytic and Ultrasonography Evaluation

All patients presented with overt hyperthyroidism at diagno-
sis (increased serum FT4 and/or T3 and suppressed TSH levels).
Mean increase of serum FT4 levels was 7.7 times (range 0-35)
from the basal levels and 2.1 times (range 0-5.7) for FT3. TRAbs
titer was obtained at diagnosis in 67.00% of patients (n=14) and
was positive in 85.70% of patients (n=12), mean 27.5 times (range
0-188) above maximum reference ranges. Anti-thyroglobulin
and anti-thyroid peroxidase (TPO) antibodies were measured in
85.70% of patients (n=18) and were positive in 88.90% (n=16)
and 90.50% (n=19) of them, respectively.

Thyroid volumes were above 97" percentile for age and gender
in all patients (median volume of 24.1+£9.1 mL — range 9.2-41.5).

Treatment with Anti-Thyroid Drugs

All patients received ATD as first option treatment. PTU was
first choice in 23.80% (n=5) of patients before 2010, after that all
patients started treatment with MMI (71.40% - n=15). One pa-
tient, diagnosed in France, was initially treated with carbimazole,
which is not available in Portugal. Only one patient was on “block
and replace” therapy. Propranolol was administered in 42.80%
(n=9) during the first few months.

Mean initial dose for PTU was 3.80+4.77 mg/kg (range 0,12-
10.9) and for MMI was 0.32+0.11 mg/kg (range 0.18-0.50), ac-
cording to most recent reccommendations.’

There were no adverse effects reported with MMI. One patient
treated with PTU developed severe hepatitis without liver failure
and no need for transplantation.

Comparing PTU and MMI results, both presented similar out-
comes except concerning time until TSH normalization which
was significantly superior for PTU - p=0.049 (Table 1).

Reported remission rate was 23.80% (n=5) with a relapse rate
0f25.00% (n=1) without significant differences between PTU and
MMI (p=0.217). Three patients changed ATD and 38.00% (n=8)
were proposed for definitive treatment. Five patients achieved
remission: 2 remitted 12 months after discharge from Pediatric
clinic (and they have been in remission for 43 and 15 months); 2
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Table 1. Summary of comparison between PTU and MMI.

Variable MMI PTU P

Time until TSH normalization (months) 4.4+2.9 (0.8-10.0) 6.5+0.7 (6.0-7.0) p=0.049
Time until T3 and FT4 normalization (months) 3.3+2.9 (0.4-10.0) 3.0+1.4 (2.0-4.0) p=0.844
Mean treatment duration (months) 28.9+13.2 (14.0-56.0) 40.6+35.5 (4.0-98.0) p=0.280
Maintenance time of ATD after TSH normalization (months) 24.5+14.0 (6.0-54.0) 20.5+2.1 (19.0-22.0) p=0.323
TRADs titer after normalization of thyroid function 5.2+9.3 (0.0-24.7) 18.7 p=0.199

ATD - anti-thyroid drugs; TRAbs - thyrotropin receptor stimulating antibodies; MMI — methimazole; PTU - propylthiouracil.

remitted in pediatric age after first treatment, one after 98 months
of therapeutic with PTU and is still on remission for 58 months
and the other one remitted after 21 months of MMI treatment,
maintaining remission for 20 months; the last one was initially
treated with PTU for 29 months, changed to MMI, went on remis-
sion and one month later relapsed. Median time in remission was
20.00 months (1.00-58.00). The patient who initiated treatment
with carbimazole after 25 months changed to PTU.

About 33.30% (n=7) of patients maintain treatment with ATD
with a mean duration time of 22.90+9.00 months (14.00-36.00).

Definitive Treatment

In our cohort, 38.00% (n=8) patients were proposed for de-
finitive treatment: 75.00% (n=6) were submitted to RAI and
25.00% (n=2) to surgery. Patients submitted to RAI presented no
adverse reactions. One of them needed a second dose of RAI to
achieve total suppression of thyroid function. Mean patient age at
the moment of RAI therapy was 15.80+2.30 years (11.90-18.30),
median thyroid volume estimated by scintigraphy was 36.00 g
(20.00-80.00), median administered RAI dosage was 556.5 mBq
(374.00-572.00), with median dose per thyroid volume of 12.90
mBg/g (5.60-27.90). The lowest dose was administered to the pa-
tient that needed a second course of RAI therapy which was also
the one who had the larger thyroid volume. One patient submitted
to RAI presented ophtalmophaty and was on corticotherapy be-
fore RAI; we found no exacerbation.

Mean time until achievement of hypothyroidism was
4.00+1.90 months (2.00-6.00).

One patient did a total thyroidectomy without complications
and another one developed a persistent hypoparathyroidism after
being submitted to a subtotal thyroidectomy.

All patients submitted to RAI therapy developed hypothyroid-
ism and are under hormonal replacement therapy.

Discussion

In this 18-year retrospective study of management of pediat-
ric GD, the patients’ characteristics (gender and age at diagnosis)
were similar to those found in the literature with a predominance
of female pubertal patients. The follow-up included patients who
transitioned to adult department.

One of the main conclusions the authors would like to empha-
size is the increasing number of cases verified in the last decade.
This was an important observation since we believe it has impaired
some of the conclusions of this study. In fact, 47.60% (n=10) of
the cohort had less than 4 years of follow-up so it would be less
likely that they have reached remission by the time the study was
performed. However, we have reported similar remission rates
as in previous studies with larger cohorts (23.80% vs 33-64% in
other series).**'*'%1? Also it is well known that in pediatric popu-
lation, remission rates increase with duration of ATDs treatment.

Hamburger demonstrated it in his study in 1985 involving 120
pediatric patients that were treated with ATD in one center.'® His
results demonstrated that after 1 year of therapy with ATDs, 25%
of patients were in remission; after 2 years, 26%; after 4 years,
37%; and after 4-10 years, 15%.'01418.20

Despite increasing duration of therapy, we also verified in our
cohort (mean treatment durations of 30 months, that can be as
high as 98 months), very high relapse rates, sometimes reaching
50% demonstrating that a substantial proportion of patients will
never achieve remission. We reported a relapse rate of 25% and
we believe that it is lower than other reported studies probably
because we have many patients requiring definitive treatment and
our mean follow-up time is very short owing to the previously
referred increasing number of recent diagnosis; 33.30% of our pa-
tients maintain ATDs for about 22.90 months.*!*?*?! For the same
reasons, we also have not reported long term remissions (more
than 4 years) in this cohort (maximum of 58 months)."

The best treatment option for pediatric patients is still contro-
verse and largely depends on the experience of the centers, acces-
sibility to therapeutic options and parents and patient’s informed
opinion. Defenders of prolonged medical treatment with ATD ad-
vocate that it can restore the normal homeostasis of the hypothala-
mus — pituitary — thyroid and that patients can have periods free of
medication.'* However, with prolonged therapy, poor adherence
is enhanced, there is the need for frequent monitoring of thyroid
function and the risk of adverse effects is highly increased, the
last one especially worrisome in vulnerable patients like children.
Although in our study ATDs were very well tolerated, with no
adverse effects related to MMI, we reported one case of severe
hepatitis with PTU before 2010. According to 2016 and 20188
guidelines and all the reported results, in our center MMI was the
first-line treatment in all patients since 2010.

In this cohort 38.00% of patients were proposed for definitive
treatment, the majority of them performed RAI therapy and we
had a high rate of success. In fact, until now, we have not reported
any side effects and the only patient that needed a second RAI
dose had a large thyroid volume (80 g) and was submitted to a
first dose of 131-I near the lowest recommended of more than
5.55 mBq/g.? We have been using RAI therapy for 14 years and
there are no reported cases of thyroid neoplasia or other tumors.
There is some concerning that 131-1 may aggravate pre-existing
ophtalmopathy and some centers avoid its use. In our limited
experience, like other studies have stated, we used prophylactic
corticosteroid treatment simultaneously with RAI administration
to prevent worsening of previous mild ophtalmopathy.”>** RAI
therapy’s goal is to achieve hypothyroidism, which usually occurs
within 2-4 months, with 40% of patients being hypothyroid by
the second month and more than 80% by the fourth month. In our
cohort 60% of patients achieved hypothyroidism by the end of the
third month and initiated T4 replacement treatment.>**

Most studies advocate that thyroidectomy must be performed
by an high-volume thyroid surgeon so that the surgical risk can be
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minimized.>*** Since 2011, our patients have access to an expert
team, fact that we consider the justification for the very low rates of
complications associated with the surgery in our center. One of our
patients developed a permanent hypoparathyroidism after a subtotal
thyroidectomy that was not performed by our team of surgeons.
Our study has several limitations, some of them have already
been appointed previously. The main one was the short follow-
up time due to the increasing number of cases diagnosed in the
last decade. Thus we were unable to determine predictive factors
of ATD’s response, remission and relapse. We believe that more
studies are needed in this area in order to standardize treatment
options between centers so that results could be compared and the
management of pediatric patients with GD could be optimized.
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