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What is already known on this topic?

Thyroid function tests suggestive of central hypothyroidism in a boy with infantile hypotonia should alert the clinician to measure
free triiodothyronine (FT3), while monocarboxylate transporter 8 (MCT8) deficiency should be in the differential diagnosis as early
recognition and intervention is crucial. T3 and its analogue, Triac are structurally similar. Many commercial total T3 and FT3 assays
are shown to cross-react significantly with Triac in a dose-dependent manner. Triac is known to improve clinical and biochemical signs
of hyperthyroidism in patients with MCT8 deficiency by 12 months of treatment. However, earlier trials on efficacy of Triac were not
designed to detect neurodevelopmental outcomes and age range of the study populations was diverse.

What this study adds?

After one year of Triac treatment, a significant change in neurodevelopmental scores were not recorded in the presented MCT8 deficient
patient. However clinical improvement in critical developmental milestones were evident including at six months habituating to objects,
recognizing and smiling at his mother, responding to a person’s voice by turning his head, raising his face while in prone position
and holding his head steady for a few seconds while in sitting position, and at 12 months responding to his name by turning his
head, following a person across the room with eyes and head, and holding his head steady for at least 15 seconds. Regression was
not observed. Early intervention with disease-modifying treatment, Triac, enables advances in peripheral findings of MCT8 deficiency
as well as neurodevelopmental outcomes and may alleviate the risk factors of morbidity and mortality. Unexpectedly high FT3 in a
patient receiving Triac should alert the clinician about a possible interference with FT3 when measured by immunoassay. If signs of
hyperthyroidism are absent, patients should have their thyroid function test measured by mass spectrometry without a change in dose,
keeping cross-reactivity in mind.

Abstract

Monocarboxylate transporter 8 (MCT8) deficiency is a rare genetic disorder characterized by peripheral thyrotoxicosis and severe cognitive
and motor disability due to cerebral hypothyroidism. 3,3°,5-triiodothyroacetic acid (Triac) was shown to improve peripheral thyrotoxicosis
but data on neurodevelopmental outcome are scarce. We present a case of MCT8 deficiency and the experience with Triac focusing on
change in neurodevelopmental and peripheral features. A five-month-old boy was referred because of feeding difficulty, central hypotonia
and global developmental delay. Despite six months of physiotherapy, physical developmental milestones did not improve, and distal
muscle tone was increased. A hemizygous pathogenic variant in SLC16A2 was found and MCT8 deficiency was confirmed at 19-months.
Thyroid stimulating hormone was 2.83 mIU/mL, free thyroxine 6.24 pmol/L (N =12-22) and free triiodothyronine (FT3) 15.65pmol/L
(N=3.1-6.8). He had tachycardia, blood pressure and transaminases were elevated. Triac was started at 21-months. Two weeks after
treatment, FT3 dramatically decreased, steady normal serum FT3 was achieved at 28-months. Assessment of neurodevelopmental
milestones and signs of hyperthyroidism were evaluated at baseline, 6 months and 12 months after treatment. Signs of hyperthyroidism
were improved by 6 months. Developmental composite scores of Bayley Scales of Infant Developmental 3™ Edition remained the same
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but important developmental milestones (head control, recognition of caregiver, response to his name) were attained, regression in the
attained milestones were not observed. Initial dose, management protocol for Triac and research into its efficacy on neurodevelopmental
signs in MCT8 deficiency are progressing. This case presents evidence that Triac may resolve peripheral thyrotoxicosis successfully and
may slow neurodevelopmental regression, while some developmental milestones were achieved after one year of treatment.
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Introduction
Thyroid hormones (TH) include thyroxine (T4) and
triiodothyronine (T3) and are essential for normal

physiology, particularly neurodevelopment, and regulation
of basal metabolic rate. Precise regulation of intracellular
TH signaling by transport of TH across the cell membrane
is facilitated by specific hormone transporter proteins,
conversion of T4 into T3 or reverse T3 and further
degredation into other inactive TH metabolites is regulated
by deiodinating enzymes type 1-3, while genomic action
of T3 upon binding TH receptors (TR) and, ensures
hypothalamus-pituitary-thyroid (HPT) axis homeostasis
(1). Monocarboxylate transporter 8 (MCT8), one of these
specific membrane transporter proteins, is capable of
mediating TH flux through facilitated diffusion (1). While
transport of free T3 (fT3) and free T4 (fT4) across the blood-
brain-barrier is primarily dependent on MCT8, peripheral
tissues rely on other transporters (2,3,4).

Pathogenic variants of SLC16A2 (located on Xq13.2) that
encodes MCT8 cause a rare neurodevelopmental disorder,
called MCT8 deficiency or Allan-Herndon-Dudley syndrome
(3,4). Multiple hypotheses have been postulated concerning
the pathophysiology of the distinct TH fingerprint of
elevated serum fT3 concentrations with reduced T4 and
normal thyroid stimulating hormone (TSH) concentrations,
hence further studies are warranted (1). It is most likely
that impaired TH transport to the central nervous system
(CNS) causes the neurodevelopmental findings of severe
developmental delay, central hypotonia from birth, and
dystonia, as well as hypertonia after the first year of life, while
chronic peripheral thyrotoxicosis precipitates tachycardia,
muscle wasting, hypermetabolism and progressive weight
loss (5,6). The disease has been associated with significant
morbidity and mortality (5,6).

Theraputic options for MCT8 deficiency are rather
limited but one of these, the natural TH metabolite
3,3",5-triiodothyroacetic acid or tiratricol (Triac), is a suitable
candidate. Firstly, as its cellular transport is not dependent
on MCTS, it inhibits TSH production and secretion lowering
endogenous TH production (7). Secondly it binds to TR1 with
a similar affinity to T3 and has a 3- to 6-fold higher affinity
than T3 for TR and TR, yet has relatively low thyromimetic
activity in peripheral tissues (8). In addition to its effect on

the HPT axis, it has been reported that the thyromimetic
effect of Triac, at an equal TSH suppressive dose, are at
least as potent as those of T4 in most peripheral organs
such as liver and skeletal muscle (9). Aiming to resolve both
hypothyroidism in the CNS and peripheral hyperthyroidism,
clinical studies have indicated that Triac is effective and safe
in pediatric patients with MCT8 deficiency when treating
peripheral thyrotoxicosis (10). However evaluation of
neurocognitive outcome in Triac treated pediatric patients
with MCT8 deficiency, especially before completion of brain
development and myelination, are lacking (10).

Guiding treatment for rare diseases such as MCT8 deficiency
is challenging, as uniform, systematic collection of long-
term data are lacking. This case report describes a case of
MCT8 deficiency treated with Triac, providing additional
clinical evidence about the effect of Triac on peripheral as
well as neurocognitive features, while neurodevelopment
and myelination continued.

Case Report

A five-month-old boy was referred to the neurology clinic for
feeding difficulty, hypotonia and developmental delay. He
was born via Cesarian section due to oligohydramnios at 38
weeks of gestation with a birth weight of 2800 grams [-1.1
standard deviation score (SDS)] and a head circumference
of 34 cm (-0.5 SDS). He was discharged after a routine
follow-up of two days and passed the neonatal hearing test
as well as newborn screening tests. He was the sixth child
of a healthy Caucasian couple who were second cousins. He
had three healthy sisters and two brothers; relevant family
history was absent.

Initial physical examination at five months revealed central
hypotonia and developmental delay. He was unable to hold
his head, smile or make eye contact. Serum TSH was 2.3
mlU/mL with a low fT4 of 10 pmol/L (N=12-22) (Table
1). Laboratory investigation and metabolic tests were
otherwise normal (Table 2). Cranial magnetic resonance
imaging revealed hypoplasia of the corpus callosum,
and was consistent with delayed myelination. Thyroid
function tests suggestive of central hypothyroidism were
not present and neurologic follow-up and physiotherapy
were implemented. Despite six months of physiotherapy,
there was no improvement in physical developmental
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milestones and distal muscle tone was increased. Clinical
exome sequencing conducted at 12 months for the etiologic
investigation of the hypotonic infant revealed a de novo
novel, hemizygous pathogenic variant (c.430 + 1G> C chrX:
73641903) in SLC16A2 and MCT8 deficiency was diagnosed
(11). The 19-months old patient was then referred to the
endocrinology department.

On physical examination, he was underweight (8.1 kg,
-2.9 SDS) but his length was 80 cm (-1.3 SDS). Bitemporal
narrowing and prominent ears were evident. He was unable
to hold his head, smile or make eye contact. Although he
had axial hypotonia, deep tendon reflexes were hyperactive
and hypertonia in the extremities was evident. Resting
tachycardia (148 bpm, 90"-99" percentile) was noted,
systolic blood pressure [100/50 mmHg (92"9/84™ percentile)]

Table 1. Change in clinical and biochemical signs of MCT8 deficiency on admission (19-months-old), baseline (21-months-old),
6 months after Triac (27-months-old) and 12 months after Triac (33-months-old)

On admission Baseline 6 months* 12 months* Normal range
Auxologic measurements
Weight (kg) 8.1 8.4 10 1.2
Weight SDS 2.9 -2.9 2.1 -1.8
Length (cm) 80 82 86 90.2
Length SDS -1.3 -1.2 -1.2 -1.1
Weight for length SDS 3.2 3.2 2.2 2.1
Clinical signs of hyperthyroidism
Resting heart rate (bpm) (percentile) 148 (90"-99™) 150 (90"-99™) 103 (25™M-50t™) 95 (25M)
Systolic blood pressure (mmHg)/(percentile) 100 (92" 100 (91 86 (46M) 90 (56™)
Diastolic blood pressure (mmHg)/(percentile) 50 (84™) 60 (97™) 54 (87™) 52 (79™)
Thyroid function tests
TSH (mIU/mL) 2.83 0.8 0.9 0.7 0.27-4.2
Free T4 (pmol/L) 6.24 5.7 4.4 3.1 12-22
Free T3 (pmol/L) 15.65 1.7 10.9 7.5 3.1-6.8
Laboratory signs of hyperthyroidism
CK (U/L) 87 168 47 66 <90
Total cholesterol (mg/dL) NA 124.7 111.4 128.2 <170

*Represents time spent from initiation of Triac.

bpm: beats per minute, CK: creatinine kinase, SDS: standard deviation score, MCT8: monocarboxylate transporter 8, TSH: thyroid stimulating hormone

Table 2. Laboratory investigations on admission (19-months-old), baseline (21-months-old), 6 months after Triac (27-months-

old) and 12 months after Triac (33-months-old)

On admission Baseline 6 months* 12 months* Normal range
Hemoglobin (g/dL) 11.0 10.8 11.5 10.3 10.7-14.7
Leukocyte (10° p/L) 7.23 7.67 12.8 4.93 7-17.7
Thrombocyte (10> p/L) 31 255 368 277 150-450
BUN (mg/dL) 19.9 23.6 8.9 26.2 5-18
Creatinine (mg/dL) 0.3 0.3 0.2 0.4 0.16-0.39
Albumin (g/L) 3.8 4.1 3.9 4.1 3.8-5.4
Sodium (mEq/L) 136 136.0 136.0 144.0 136.0-146.0
Potassium (mg/dL) 4.3 4.3 4.6 3.9 4.1-53
Calcium (mg/dL) 10.2 10.2 9.8 9.5 8.8-10.9
Phosphate (mg/dL) 4.8 4.7 1.8 4.4 3.9-7.7
ALP (U/L) 179 168 232 220 100-450
ALT (U/L) 168 101 77 68 0-40
AST (U/L) 101 130 102 75 0-40
GGT (U/L) 65 55 66 39 0-40

*Represents time spent from initiation of Triac.

BUN: blood urea nitrogen, ALP: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamy! transferase
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was elevated, but systems were otherwise normal. Endocrine
evaluation revealed normal TSH (2.83 mlIU/mL), low fT4
(6.24 pmol/L N=12-22) and increased fT3 (15.65 pmol/L
N =3.1-6.8) (Table 1) with an elevated T3/T4 ratio over 0.75.
Laboratory evaluation for signs of peripheral thyrotoxicosis
revealed slightly abnormal liver function tests (alanine
aminotransferase 168 U/L and aspartate aminotransferase
101 U/L) and creatine kinase (CK) (Tables 1, 2). Total
cholesterol was normal (Table 1). Electrocardiography (ECG)
and transthoracic echocardiography (TTE) did not reveal
any pathological finding.

Triac Treatment

As soon as the diagnosis of MCT8 deficiency was confirmed
and required local approvals were completed, Triac (Emcitate
tablets, 350 mcg, Egetis Therapeutics, Klara Norra Kyrogata
26, Stockholm, Sweden) was started at 21 months via the
compassionate use programme. TH were measured using an
immunoassay (Roche Modular E170 Immunology Analyzer,
Hague Rd, Indianopolis, USA). The patient was assessed for
clinical and biochemical signs of peripheral hyperthyroidism
and neurodevelopmental changes, at baseline, 6 months and
12 months after start of treatment with Triac.

Thyroid Function Tests

After an initial dose of 175 mcg/day of Triac, fT3 dramatically
decreased to 4.7 nmol/L (N=3.1-6.8) within two weeks.
However it subsequently increased again (Figure 1). An
individualized dose escalation of 175 mcg steps with a goal
of attaining normal serum fT3 concentration was conducted
using frequent clinic visits. After an initial decrease, despite
increasing Triac to 1125 mcg/day (twice a day, po), fT3 levels
remained high at 8.6-13.1 pmol/L (N=3.1-6.8) (Figure 1).

:
twice a day
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16 42
14 meg/kg/day 1125
meg/kg/day,
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135
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6
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2 \M
0
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Age (months)

s TSH (mIU/mL) (N:0.27-4.20) Free T3 (pmol/L) (N:3.1-6.8)  em=Free T4 (pmol/L) (N:12.0-22.0)

Figure 1. Change in TSH, free T4 and free T3 after initiating Triac
when the patient was 21 months old. Blue boxes represent daily
Triac dose per kilogram, the dosing regimen was mentioned at
the time of change and was continued thereafter

TSH: thyroid stimulating hormone

After identifying adherence issues where there have been
times where the patient did not receive treatment for 3-4
consecutive days, the patient was hospitalized for a short
time-period and Triac dose adjustment was made. Following
discharge, clinic visits included empty Triac box counts in
order to try and resolve the adherence issue.

Despite precise treatment, extremely high fT3 (45.1 and
39 pmol/L at the sixth and ninth months of treatment,
respectively) were observerd. Concomitant TSH was 0.96
mlU/mL and fT4 5.13 pmol/L (N =12-22). This unexpected,
drastic increase was presumed to be explained by
molecular interference of Triac and fT3 in the biochemical
analysis, and Triac dose was not changed. In support of this
treatment decision, clinical signs of hyperthyroidism were
absent and fT3 was near-normal two days after this elevated
level (Figure 1). By seven months of treatment, the goal of
attaining normal serum fT3 was achieved continuously.
Since then, fT3 levels have been high-normal. After one year
of treatment, fT3 concentration was reduced to 7.5 pmol/L
(N=3.1-6.8), serum fT4 was 3.09 pmol/L (N=12-22) and
daily dose of Triac was increased eventually to 1500 mcg/
day (133 mcg/kg/day) three times a day, po.

Signs of Hyperthyroidism

He was fed orally prior to treatment and continued with
oral feedings as consent for tube feeding was not provided
by his family. Caloric consumption was adequate for
requirements according to age, gender and body weight
both prior to and after the treatment. Without change in
caloric consumption per kilograms, body weight for length
SDS have improved significantly at six months of treatment
which was sustained until 12 months afte start of Triac.
Resting heart rate measured by ECG, were compared using
age adjusted percentile curves and found to be decreased
by six months and this was maintained until 12 months
(Table 1) (12). Systolic and diastolic blood pressure was
decreased and stabilized by 12 months of Triac treatment
(Table 1). ECG and TTE were repeated at 12 months and did
not reveal any accompanying pathology. Mild elevation in
ALT, AST and CK improved within six months (Tables 1, 2).
Sex hormone binding globulin could not be measured as it
was not available in our clinic.

Problems with adherence to treatment were mainly linked
to socioeconomic factors, as well as the populous family
structure. No drug related toxicity, need for dose reduction
or adverse effect was encountered. He developed upper
respiratory tract infection three times during this period
which was not attributed to Triac, since they resolved while
drug was continued.
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Neurodevelopmental Evaluation

Comprehensive developmental assessment was performed
by a developmental-behavioral pediatrician. Detailed
developmental history and a standardized assessment tool,
Bayley Scales of Infant Development 3™ Edition (BSID-III)
were used (13). At baseline, prior to Triac (21- months-
old) developmental history revealed that developmental
milestones were not achieved and BSID-1Il composite scores
for cognitive [55; 95% confidence interval (CI): 51-67],
language (47; 95% Cl: 43-58) and motor (46; 95% CI: 43-
58) evaluation were below two SDS for age.

At six months of Triac treatment, BSID-III composite scores
remained below two SDS for age but he started to habituate
to objects, recognize and smile at his mother, respond to a
person’s voice by turning his head, raise his face while in
prone position and hold his head steady for a few seconds
while in sitting position. As dystonia remained prominent
at six months of treatment, oral baclofen was started to
ease pain and increase quality of life. At 12 months, BSID-III
composite scores remained unchanged (below two SDS for
age), but he started to respond to his name by turning his
head, follow a person across the room with eyes and head,
and hold his head steady for at least 15 seconds and dystonia
was improved. Although an improvement in developmental
composite scores during follow-up assessments were
not observed, an improvement in critical developmental
milestones were present. Regression was not observed in
any developmental domain.

Discussion

This case highlights the presentation of the extremely rare
MCT8 deficiency, which may be missed. Thyroid function
tests suggestive of central hypothyroidism in a boy with
infantile hypotonia should alert the clinician to measure T3,
and MCT8 deficiency should be in the differential diagnosis,
as early recognition and intervention is crucial. This case
contributes both peripheral clinical and neurodevelopmental
outcomes after one year of Triac treatment and before
completion of neurodevelopment and myelination to the
literature.

Thorough evaluation of disease presentation and the
phenotypic spectrum in MCT8 deficiency, especially
concerning neurodevelopmental features, are sparse and
disease awareness may be inadequate (6). Data about
neurocognitive  phenotype and neurodevelopmental
outcome are not uniformly collected (5). A natural course
study previously described that all patients with MCT8
deficiency had moderate-to-severe intellectual disability
with severe delay in motor and language domains (6). At a
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median age of 7.4 years (0.4-66.8 years), median composite
scores in BSID-1II were well-below 12 months in all tested
sub-domains. In severely affected patients, none of the
scores in developmental domains improved with age, while
fine motor skills even showed regression.

Triac was shown to decrease serum fT3 concentrations,
substantially improving clinical and biochemical signs
of hyperthyroidism by six months, which was sustained
until 12 months, as in the presented case (5,10). Although
Groeneweg et al. (10) reported that 77 % of their patients
achieved normal serum T3 concentrations by four months
of treatment, this only occurred after seven months of
treatment in the present case. It may have taken longer
in the current patient due to poor adherence, especially in
the first months of treatment. The Triac dose (136 mcg/
kg/day) required to normalize fT3 was much higher in the
present case than previously described (23-48 mcg/kg/day)
(8,10). As clinical signs of peripheral hypothyroidism were
not observed, it was deduced that this dose compensated
the reduction in fT4. While Triac was administered twice
or thrice a day in previous studies, we observed that the
normal range of T3 was best maintained if Triac was
administered thrice a day (5,10). In addition, clinical signs
of hyperthyroidism resolved as progressive deterioration
of bodyweight was prevented, and an advancement in
bodyweight and length with normal heart rate and blood
pressure were accomplished.

Since reduction of fT3 is the aim of successful Triac
treatment in MCT8 deficiency, accurate fT3 measurement is
crucial for dose adjustment. As T3 and Triac are structurally
similar, many commercial total T3 and fT3 assays have
been reported to cross-react significantly with Triac in a
dose-dependent manner (14). To the best of our knowledge,
this is the first clinical case report to address and explain
this issue in detail. Chan et al. (14) suggested that patients
using Triac should have their T3 hormone monitored using
alternative methodologies, such as mass spectrometry.
However, as mass spectrometric measurement of thyroid
function tests is not available in most institutions such as
ours, we propose that MCT8 deficient patients on Triac with
unexpected high measurements of fT3 should have their
thyroid function test measured by mass spectrometry only
if signs of hyperthyroidism are absent.

Previous studies into the efficacy of Triac have demonstrated
a notable decrease in serum T4 (5,6,10). It was speculated
that the thyromimetic effect of Triac on peripheral tissues
compensated for the reduction in fT4 (10). Since then, the
effect of low T4 on neurocognitive function has been a
debate and have yet to be clarified. Barez-Lopez et al. (15)
studied this dilemma on MCT8KO mice and concluded that
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hypothyroxinemia in the CNS due to low plasma T4 levels
may potentially be harmful if this effect was not attenuated
by thyromimetic effect of Triac. However, there are some
limitations to that study. Firstly, MCT8KO mice’ brains were
shown to be mildly hypothyroid lacking overt neurological
abnormalities and the results of this model on neurocognitive
phenotype is not transferrable to humans (1,16). Secondly,
the dose of Triac was on the lower side of the recommended
dose for humans and dose adjustment was not performed.
More recently, MCT8/OATP1C1 DKO mice were validated to
be a valuable model organism for the preclinical evaluation
of drugs as they exhibit both peripheral and neurocognitive
phenotype (17). Previous studies starting Triac as early as
possible on the first day of life in MCT8/OATP1C1 DKO mice
report a recuperated neuromotor phenotype (18).

Earlier clinical trials on the efficacy of Triac were not
designed to detect neurodevelopmental outcomes and
study populations’ age was very variable (5,10). Although
an improvement in developmental composite scores during
follow-up were not observed in the present case, clinical
improvement in critical developmental milestones were
evident, and regression was prevented. At twelve months
of treatment, our patient started to respond to his name
by turning his head, follow a person across the room with
eyes and head, and hold his head steady for at least 15
seconds. Head control, which was previously presented as
a marker of improved neurodevelopment and a significant
indicator of increased survival rate, was achieved (6). Oral
baclofen, a GABA-B agonist was administered for dystonia
and related pain. Although the effect of oral baclofen on
patients with MCT8 deficiency has not previoulsy been
studied, considering it is the most often used oral drug for
dystonic cerebral palsy with low efficacy and no known
effect on neurodevelopment, oral baclofen was presumed
not to have an impact on developmental milestones (19).

Given the insufficiency of data about the effectiveness
of Triac in MCT8 deficiency for optimal neurocognitive
and neurodevelopmental outcome, larger studies of
international collaborative networks for this rare disorder
are needed (5). This case presents additional evidence that
early diagnosis, while neurodevelopment and myelination
continue, is of utmost importance. Early initiation of
disease-modifying treatment, Triac, may prevent regression
and establish progress in neurodevelopmental milestones
while decreasing mortality by its peripheral effects.

Groeneweg et al. (6) reported that overall survival of
patients with MCT8 deficiency was greatly diminished with
30% mortality during childhood. Being underweight was
associated with increased risk of infections while achieving
normal bodyweight was shown to increase median survival

from 30.3 to 71 years; however cause of death was unclear
in 46.9% (6). It may be hypothesized that mortality due
to these unclear reasons and sudden death may be due to
a cardiac cause since prevalence of premature atrial and
ventricular contractions are high (6). Holter evaluation was
not performed in our patient, but cardiac arrythmia was
not observed on ECG and improvements in bodyweight,
heart rate and blood pressure, as well as markers of thyroid
action, may suggest that Triac may decrease the risk factors
for mortality in MCT8 deficiency, especially considering the
proposals of Groeneweg et al. (6).

Conclusion

The importance of this case is that it reports an in-depth
clinical experience with an infant with MCT8 deficiency who
was administered Triac. It is essential to keep in mind that
fT3 and Triac may cross react if measured with immunoassay
in MCT8 deficient patients who are on Triac and thyroid
function test should be measured using mass spectrometry
if available and if unexpectedly high measurements of
fT3 are encountered. Consensus on starting dose of Triac,
management protocol and research for its efficacy on
central and peripheral signs of MCT8 deficiency are still
progressing. This case provides additional evidence that
Triac may successfully restore peripheral findings of MCT8
deficiency after one year of treatment. Although a significant
change in neurodevelopmental scores were not recorded,
neurodevelopmental regression was decelerated and
important developmental milestones were achieved. These
advances in both peripheral findings of MCT8 deficiency,
as well as neurodevelopmental outcomes, may alleviate the
risk factors of morbidity as well as mortality.
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