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Summary

Resistance to thyroid hormone (RTH) is a rare hereditary syndrome with impaired sensitivity to thyroid hormones (TH) 
and reduced intracellular action of triiodothyronine (T3) caused by genetic variants of TH receptor beta (TRB) or alpha 
(TRA). RTH type beta (RTHβ) due to dominant negative variants in the TRB gene usually occurs with persistent elevation 
of circulating free TH, non-suppressed serum TSH levels responding to a thyrotropin-releasing hormone (TRH) test, an 
absence of typical symptoms of hyperthyroidism and goiter. Here, we present a rare variant in the TRB gene reported for 
the first time in an Italian patient with generalized RTHβ syndrome. The patient showed elevated TH, with non-suppressed 
TSH levels and underwent thyroid surgery two different times for multinodular goiter. The genetic test showed a 
heterozygous mutation in exon 9 of the TRB gene resulting in the replacement of threonine (ACG) with methionine (ATG) at 
codon 310 (p.M310T). RTHβ syndrome should be considered in patients with elevated TH, non-suppressed TSH levels  
and goiter. 
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Learning points:

•• Resistance to thyroid hormone (RTH) is a rare autosomal dominant hereditary syndrome with impaired tissue 
responsiveness to thyroid hormones (TH).

•• Diagnosis of RTH is usually based on the clinical finding of discrepant thyroid function tests and confirmed by a 
genetic test.

•• RTH is a rare condition that must be considered for the management of patients with goiter, elevation of TH and 
non-suppressed serum TSH levels in order to avoid unnecessary treatments.

Background

Resistance to thyroid hormone (RTH), also known as 
Refetoff syndrome (1), is a rare autosomal dominant 
hereditary syndrome with impaired tissue responsiveness 
to thyroid hormones (TH) (2). RTH syndrome includes 

not only mutations in the TH receptor (TR) beta (TRB) 
or alpha (TRA) genes but also defects in TH transport 
and metabolism (2). Most of the RTH cases are due to 
heterozygous mutations of the TRB gene (3). Limited 
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studies found the occurrence of one case per 40 000 live 
births and, to date, more than 3000 cases have been 
published (4). 

Patients with RTH syndrome may have variations 
in resistance severity to TH according to the different 
expression levels of TRB and, consequently, in clinical 
presentation. The most common features of RTHβ 
syndrome are persistent elevation of circulating free 
TH, non-suppressed serum TSH levels responding to 
thyrotropin-releasing hormone (TRH) test, an absence of 
typical symptoms of hyperthyroidism and goiter. 

Here, we present a case of a patient with RTHβ with a 
rare mutation of the TRB gene. 

Case presentation

A 60-year-old female patient was referred to our 
endocrinology service for evaluation of thyroid 
dysfunction. The medical history of the patient started 
in 1972 when she was diagnosed with diffuse goiter 
and thyroid hyperfunction with radioiodine uptake of 
52% at 3 h and 87% at 24 h. At that time, the patient 
did not show signs or symptoms of hyperthyroidism 
and, according to her laboratory tests, she was treated 
with antithyroid medications. She did not report further 
clinical measurements from 1972 to 1986. 

In 1986, laboratory tests showed high levels of free 
T4: 42.00 pmol/L (normal range (NR): 9.00–25.00), free 
T3: 3.12 pg/mL (NR: 0.90–2.00) and non-suppressed levels 
of TSH: 1.50 µU/mL (NR: 0.1–4.3). Anti-thyroglobulin 
and anti-microsomal thyroid antibodies were negative. 
Although this finding of discrepant thyroid function tests, 
no further investigations were performed. She underwent 
subtotal thyroidectomy with a histological diagnosis of 
diffuse goiter. After the surgery , due to the recurrence 
of nodular goiter, in 1992 she started therapy with levo-
thyroxine (L-T4) 50 µg/day increased to 100 µg/day, 
without achieving an effective suppression of TSH (3.12 
µU/mL).

During the subsequent follow-ups, the thyroid 
ultrasonography showed an increase in diameter of 
several confluent nodules in the right (7 × 9 cm) and 
the left (7×8 cm) remnant thyroid tissue. A thoracic 
X-Ray examination revealed right tracheal deviation. In 
March 2004, she underwent a second surgery with total 
thyroidectomy. The histological examination confirmed 
the diagnosis of a multinodular goiter.

Post-surgery ultrasonography examination showed 
remnant thyroid tissue in both lobes. On L-T4 replacement 
(1.7 µg/kg/day), laboratory tests confirmed high levels of 

free T4: 2.86 ng/dL (NR: 0.78–2.19) and free T3: 7.03 pg/
mL (NR: 2.77–5.27) and non-suppressed levels of TSH: 
2.87 µU/mL (NR: 0.46–4.68). 

In 2018, the patient also underwent outer 
quadrantectomy for a grade 2 ductal carcinoma (9 
mm) of the right breast positive for estrogen and 
progesterone receptors. After the surgery, she received a 
hypofractionated radiotherapy schedule of 45 Gy in 20 
fractions and hormonotherapy. 

Investigation

In December 2019, when the patient was seen for the 
first time in our service, a genetic test was required to 
confirm the diagnosis of RTH syndrome. Thus, DNA was 
isolated from the peripheral blood cells of the patient. 
Molecular analysis was performed with targeted next 
generation sequencing (NGS) technique which includes a 
panel of genes involved in thyroid hormone actions using 
Illumina Nextera Rapid Capture Custom Enrichment kits 
(Illumina, San Diego, CA). The PCR amplification was 
performed on coding regions and intron/exon junctions of 
the TRA, TRB, DIO1, SLC16A2 and SECISBP2 genes. Sanger 
sequencing confirmed the presence of a heterozygous 
mutation in exon 9 of the TRB gene (c.929T>C) resulting 
in the replacement of threonine (ACG) with methionine 
(ATG) at codon 310 (p.M310T) (Fig. 1). 

The patient had no dyslipidemia or other laboratory 
alterations and performed echocardiography showing 
normal cardiac parameters. Her TH profile showed free 
T4: 2.56 ng/dL (NR: 0.78–2.19), free T3: 6.20 pg/mL 

Figure 1
DNA sequence analysis of the TRB gene showing a heterozygous mutation 
located in exon 9.
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 (NR: 2.77–5.27), non-suppressed levels of TSH: 4.34 µU/mL 
(NR: 0.46–4.68) and thyroglobulin 13.1 ng/mL (3.5–77.0). 
TSH receptor antibodies were negative. She also performed 
a TRH test which revealed an exaggerated response of 
TSH (Fig. 2). Thyroid ultrasonography showed nodules  
in the left and right lobes with diameter ranging from  
9 to 24 mm. 

The RTH syndrome was also investigated in the 
mother and the only sister (the patient had no children) 
and no clinical and laboratory alterations were detected, 
thus indicating a de novo origin of the syndrome.

Outcome and follow up

The patient received a diagnosis of generalized RTH 
syndrome with a rare mutation of the TRB gene. She 
underwent thyroid surgery at two different times and the 
histological diagnosis was a multinodular goiter. 

She did not take any drugs other than L-T4 for thyroid 
disorder and hormone therapy for breast cancer. At the 
last medical examination, L-T4 therapy was increased up 
to 100 µg four times a week and 125 µg three times a week. 
Her TH continues to be elevated with non-suppressed TSH 
levels (free T4: 2.38 ng/dL, free T3: 6.65 pg/mL and TSH: 
3.52 µU/mL). 

Discussion

RTH is a syndrome characterized by reduced responsiveness 
of target tissues to TH, clinically described for the first 
time in 1967 (1). RTHβ, due to TRB gene variants, was 
first identified in 1989 (5), while mutations in the TRA 
gene were discovered in 2012 (6). The classification of 
RTH syndromes also includes TH cell membrane transport 
defects due to mutations in the monocarboxylate 
transporter 8 (MTC8) gene (7) and metabolism defects 

due to mutations in the selenocysteine-binding protein 2 
(SECISBP2) gene (8). 

Diagnosis of RTH is usually based on the clinical 
finding of discrepant thyroid function tests and confirmed 
by a genetic test. The most frequent variants of the TRB 
gene, located on chromosome 3, are single-nucleotide 
substitutions in exons 7 to 10 which cause the reduction 
of the TR affinity for T3 or an impaired interaction with 
the cofactors (coactivators and corepressors), in target 
tissues (4). Only 15% of patients with clinical features of 
RTHβ have no detectable mutations in the TRB gene and 
are classified as nonTR -RTH.

The biochemical hallmark of RTHβ is the persistent 
elevation of serum-free T4 and T3, normal or non-
suppressed serum TSH levels and increase of TSH levels 
after the TRH test. In our case, the patient showed an 
exaggerated response to TSH. This response allowed 
to exclude the presence of a TSH-secreting pituitary 
adenoma characterized by the absence of TSH response 
to the TRH test. Laboratory tests also excluded the 
presence of resistance to exogenous thyroxine (RETH). 
Our patient had non-suppressed TSH levels with high FT3 
and FT4 values. Compared to RTHβ, patients with RETH 
usually have elevated TSH levels, normal FT3 values with 
significantly reduced T3/T4 ratios suggesting the presence 
of FT4 defects of deiodination (9). 

If this typical laboratory presentation is not 
recognized, RTHβ can be misdiagnosed leading to 
repeated and unnecessary treatments with antithyroid 
medications, radioiodine or thyroid surgery. 

On the basis of clinical features, patients with 
RTH syndrome and TRB mutations may be classified 
in generalized resistance to TH (GRTH) and pituitary 
resistance to TH (PRTH). Patients with GRTH are 
usually euthyroid, while patients with PRTH have mild 
thyrotoxic manifestations in the peripheral tissues 
mainly expressing the THRA isoform (heart, bone and 
skeletal muscles). Nevertheless, this clinical distinction 
may be loose and more theoretical than actual. Indeed, 
TRβ variants found in both GRTH and PRTH may be the 
same and patients of the same family may present with 
either form. 

Goiter is a common clinical manifestation. An 
increased biological activity of circulating TSH molecules 
may favor the formation of goiter in subjects with normal 
TSH levels. In RTHβ patients treated by surgical ablation, 
the goiter commonly relapses with nodular alterations 
and gross asymmetries, requiring additional surgery or 
radioiodine. In patients treated with total thyroidectomy 
for a missed diagnosis of RTHβ, supraphysiological doses 

Figure 2
Exaggerated response of TSH to TRH test.
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of L-T4 are necessary. In order not to cause thyrotoxicosis, 
the replacement treatment requires a careful monitoring, 
assessing not only the TSH as in conventional iatrogenic 
hypothyroidism but also the indices of peripheral thyroid 
hormone action. 

In the present case, the patient showed an RTHβ 
syndrome with relapsing goiter treated with repeated 
surgical therapies and associated with a mutation in the 
TRB gene. In our case, there was replacement of threonine 
(ACG) with methionine (ATG) at codon 310 and this 
mutation was described for the first time in an Italian 
patient. The same mutation was previously reported in a 
38-year-old Korean patient with RTH and thyroid cancer 
(10). In addition, our patient received a diagnosis of breast 
ductal carcinoma. 

The overall risk of malignancy in RTHβ patients is 
unknown. In the literature, there are few cases reporting 
the coexistence of RTHβ and thyroid carcinoma while no 
data are available on other malignancy. 

Different studies reported abnormal expression or 
somatic mutations in the TRB and TRA gene in several 
human tumors as thyroid cancer, hepatocarcinoma, renal 
clear cell carcinoma and breast cancer (11, 12). 

The knock-in mouse model harboring the Trb PV 
variant (Trb PV/PV), which recapitulates the dysregulation of 
the hypothalamus–pituitary–thyroid axis of human RTH, 
spontaneously develops follicular thyroid cancer (13). 
Interestingly, in this model, thyroid carcinoma occurs 
either when both THRB alleles are mutated or when one 
allele is mutated and other allele is deleted. In another 
study, mammary hyperplasia was reported in 36% of the 
Trb PV/PV mice and when heterozygous or homozygous PV 
variants were introduced in mice susceptible to mammary 
cancers (Pten+/−), their risk of malignancies was markedly 
increased(14).

Nevertheless, the RTHβ patients harbor heterozygous 
variants in the TRB gene and their susceptibility to 
cancers might not be increased compared with the general 
population. Indeed, also in the animal models, a single 
Trb PV allele is neither associated with follicular carcinoma 
nor with mammary gland abnormalities. 

In conclusion, here we report a case of RTH 
syndrome with a rare mutation of the TRB gene. RTH 
is a rare condition that must be considered for the 
management of patients with goiter, the elevation of TH 
and non-suppressed serum TSH levels in order to avoid 
unnecessary treatments. Further studies are needed 
to investigate the association between tumorigenesis  
and RTH.
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