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B nanHOM 0030pe npuBeneHa nHbOpMaLKs O MOCISAHUX UCCISIOBaHUIX B 0071aCTH KOMOMHUPOBAHHOTO JIEYSHUS TUTTIOTUPEO3a
L-tupoxcunom u L-tpuitonTuponnHoM. HecMoTpst Ha TO 4TO OBUIH OIMyOJMKOBAHBI JOCTOBEPHBIC JaHHBIE 00 3(D(HEKTUBHOCTA
KoMOMHMpoBaHHOI Tepanuu T, 1 T, y KpbIc MOc/e TUPEOUIIKTOMUN, TOCIEIHNE UCCIEI0BaHMS U METaaHAIN3bl HE YKa3bIBAlOT
Ha 3HaYMMO€ IPEVMYIIECTBO KOMOMHMPOBAHHOM Tepanuy 1o CpaBHEHMIO ¢ MoHoTepanueil T,. Boiee Toro, y manmeHTos, moiy-
YaIOIIMX KOMOMHUPOBAHHYIO TePAIUIO, Yallle pa3BUBAIOTCS MOOOUHbIE d9(D(hEKThI, TaKKe KaK TaXMKapaus, HEPBO3HOCTb M 001Iast
caboctb. TeM He MeHee 0 cpaBHEHUIO ¢ KoMOMHUpoBaHHOU Tepanueit L-T,+L-T; npu monorepanuu T, 00bI4HO HabII0AaeTCA
CHIDKEHHBII YpOBEHb CBOOOIHOTO T, M MOBBILIEHHBII ypoBEHb CBOOOAHOTO T, CBIBOPOTKM KPOBH, IIPU 3TOM OTHOIIEeHMe cB. T,/
¢B.T, 6mke K moxkasaTesisiM, XapaKTepHBIM [JIs1 310poBoro uesnoseka. CortacHo pekoMeHnauusam ETA u ATA, Ha ceroqHANIHNMIA
JIeHb MOHOTepanus T, cuuTaeTcs MepBOOYEPEHON B JIEYEHUU TUMOTHPE03a. TeM He MeHee BO MHOTUX CIIydasiX peKOMEHAaluy
He COOTI0IAI0TCs, M MAMEHTh TPUHUMAIOT BBICYIIEHHbBIC 9KCTPAKTHI IIIMTOBUIHOM XKeJIe3bl WM pa3HOOOpa3HbIe “Ipernaparhl”
T, noctynHele B nHTepHeTe. HenaBHO GbUTO BBISIBIEHO, YTO OAHOHYKJIEOTUAHBII moauMopdusm (OHIT) reHoB neifonuHassl 1-ro
(A1) u 2-ro ([12) Tunos, a Takxke rena ¢pocdoauscrepassl 8B accoMMpoBaH co CHIXKEHUEM YPOBHS cBOOOAHOrO T, 1 AucdyHK-
LMl IUTOBUIHOM Xese3bl. JlaHHble HAOIIOACHUS MOAYEPKUBAIOT HEOOXOAMMOCTb B AaTbHEUIINX MCCaeI0BaHUIX d(PhEeKTHB-
HOCTH IIPUMEHEHMSI TOTOBBIX KOMOMHMPOBAHHBIX ITPEMapaToB, a TAKXKE B pa3paboTKe NJONToxXaaHHbIX opmyn L-T, ¢ orcpoueH-
HBIM JIE/ICTBUEM WJIM HU3KOJA03UPOBAHHbIX (KAIICYJIbl MJIN TabIeTKH 1Mo 5 MKT) npenapatos L-T; ¢ menbio obierdyeHus: nogoopa
MIPaBWIBHOI O3Bl IIPY KOMOMHMPOBAHHOM Tepanuy ¢ penapartaMu L-T, B KOHTEKCTe MepCOHATM3MPOBAHHOTO MOAXO0AA K Jieye-
Huto. [MocnenHue ganHble 0 BoO3MoxXHOM BiussHuM OHII reHoB jaelionrHas win 6eJIKOB-TIEPEHOCUMKOB TUPEOUIHBIX TOPMOHOB
Ha KOHIIEHTPALUIO CBOOOAHOTO T; B TKAHSIX OTKPBIBAIOT MYTh K TEHOTUITMPOBAHMIO MAIIMEHTOB C TUPEONIIKTOMIEH B aHAMHE3e,
MPEeIbSBISIONINX XapaKTEePHBIE XKaJIOObI M UMEIOIINX Hu3Koe oTHoweHue c¢B.T,/cB.T,.

Karouesvte caosa: L-mupoxcun, L-mpuiloOmuponun, eunomupeos, 0OHOHYKaeomuonuiii noaumopgusm, Thr92Ala, omuowenue
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New aspects of an old dilemma: treatment of hypothyroidism
with L-thyroxine combined with L-triiodothyronine
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The current review summarizes the most recent developments in the field of combined treatment with LT4+LT3
in hypothyroidism. Though it was well established for the past 20 years that T3 combined with T4 was best able
to achieve euthyroidism in hypothyroidectomized rats, several recent studies and meta-analyses did not demonstrate
any increased benefit of combined treatment as compared with T4 monotherapy. Moreover, patients under combi-
nation treatment are more prone to experience adverse effects, such as tachycardia, nervousness and fatigue.
Conversely, T4 monotherapy usually leads to lower FT3 and higher serum FT4 levels as compared to the LT4+1LT3
regimen thus resulting in a FT3:FT4 ratio closer to that of healthy subjects. Today, T4 monotherapy constitutes first-
line treatment of hypothyroidism according to both the ETA and ATA Guidelines. However, in many cases the
guidelines are not followed, with patients often taking compounded desiccated thyroid hormones or various T3
preparations available on the web. Recently, single nucleotide polymorphisms (SNPs) in the deiodinase type 1
(DIO1) and type 2 (DIO2) genes and in the phosphodiesterase 8B gene have been associated with T3 decrease and
thyroid dysfunction. The above observations point to the necessity for more research into the application of custom-
ized treatment as well as to the need for the long-awaited L'T3-retard formulations or low-dose (about Sug/tablet/
capsule) LT3 preparations to be appropriately dosed with LT4 in the context of a personalized treatment strategy.
The recent finding that SN Ps in DIOs or in thyroid hormone transporter genes may affect serum T3 in tissues opens
up the way to the genotyping of those thyroidectomized patients who complain of symptoms and have a lower
FT3:FT4 ratio.

Key words: L-thyroxine, L-triiodothyronine, hypothyroidism, single nucleotide polymorphisms (SNPs), Thr92Ala,
FT3:FT4 ratio.
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Introduction

Hypothyroidism is a common endocrine disease
characterized by an array of symptoms, the frequency and
intensity of which vary according to the grades of the
disease [1, 2]. Few or no symptoms are present in minimal
disease, whereas considerably more symptoms are
reported in moderate and overt hypothyroidism [3].

Accordingtothe American and European Guidelines,
L-thyroxine (LT4) is the first-line treatment for hypo-
thyroidism, as it generates more consistently physiological
concentrations of 3,5,3’-triiodothyronine (T3) [4, 5].
Full replacement is usually achieved with about 1.6 pg/
Kg/BW of LT4, though individual variations are higher.
The treatment is generally well tolerated and improves the
symptoms and signs of hypothyroidism in the vast majority
of treated patients. However, a number of patients,
approximately 10%, report that their symptoms persist,
this appreciably impacting their quality of life (QOL) even
though biochemical euthyroidism has been achieved [6].
In these cases the combined treatment of LT4 together
with L-triiodothyronine (LT3) might be an option, albeit
the results of most of the studies conducted using the
combination treatment failed to demonstrate any
increased benefit when compared with monotherapy.

The aim of this short review is to update our current
knowledge by briefly describing some of the most recent
studies using combination therapy in patients with residual
symptoms and to recap the outcome of this treatment
in relation to potential predictors and monitoring.

Physiology and pathophysiolo

of tyhe H%ﬁ' axisp P &

The production of thyroid hormones (TH) T4 and
T3, the two pillars of human metabolism, are regulated
externally by a negative feedback mechanism between
serum T4, T3 and thyroid-stimulating hormone (TSH)
and internally by the intrathyroid availability of iodine.
Thus, the biosynthesis of TH begins with the sequential
steps of iodine metabolism: active iodide transport into
the thyroid, iodide oxidation and subsequent iodination of
tyrosyl residues of thyroglobulin (Tg) [7]. In an iodine
deficient state, the decreased synthesis of TH leads to a
reduction in plasma T4, rapidly activating secretion of the
hypothalamic thyrotropin-releasing hormone (TRH) and
TSH, the latter stimulating the thyroid to grow and restore
TH synthesis and secretion [8]. Given that the 7.SHB and
TRH genes are negatively regulated by T3 (and not by T4),
it is essential that T4 be converted to T3 in order to
maintain the negative feedback mechanism. It is well
known that the peripheral conversion of T4 to T3 is
mediated by type 1 deiodinase (D1) and occurs mainly in
the liver, kidney and muscles. Type 2 deiodinase (D2),
which converts T4 to T3 in the brain, is co-expressed with
TSH in pituitary cells, in astrocytes in the mediobasal

hypothalamus, in astrocytes located in thyroid hormone-
sensitive regions of the brain, such as the cerebral cortex
and hippocampus, and also in tanycytes, specialized
ependymal cells lining the floor and infralateral wall of the
3rd ventricle [10, 11]. Therefore, a constant production
of brain T3, an essential component for the normal
activity of the hypothalamic-pituitary-thyroid (HPT)
axis, requires well synchronized activity of astrocytes and
tanycytes to locally generate T3. It is further hypothesized
that variability in the sensitivity of cells to D2 activity and/
or to thyroid hormone signaling might occur causing
a state of tissue hypothyroidism which is not reflected by
the normal levels of TSH [12] and that may partially
explain the residual symptoms experienced by some
patients. The fundamental knowledge that T3 is derived in
humans by conversion of T4, even in the absence of the
thyroid gland as was shown in experiments in rats,
originally promoted monotherapy with L'T4, to achieve
a steady-state serum T3 level, as first-line treatment of
hypothyroidism [13].

The clinical studies

There is however the other side of the coin. Crucially,
LT4 monotherapy in hypothyroidism often results in
a higher T3:T4 ratio, as serum T3 is in the lower reference
range, or even lower, and FT4 is relatively high, while
TSH is adequately suppressed. Meanwhile, the long-term
effects of the higher T3:T4 ratio are not clear, neither is
it known whether they contribute to the generation
and persistence of symptoms in certain patients. Thus,
combination treatment of LT4+LT3 represented an
endeavor to concurrently achieve clinical and biochemical
euthyroidism [14]. However, the findings that the addition
of T3, even by 10-12.5 pg/day, to T4, the latter reduced by
50 pg, is liable to result in overtreatment thus inducing
serious side effects, notably cardiac arrhythmia [4],
tachycardia, nervousness, sleep disturbances, sweating
and discomfort, have seriously restricted wide application
of this treatment modality. The ETA has moreover stated
“the evidence base to advocate this treatment modality
is very limited and therefore LT4+LT3 combination
therapy should be considered solely as an experimental
treatment modality” (5). The above developments are
mainly based on the fact that several LT4+LT3 therapy
studies could not collectively provide solid grounds for
this kind of treatment since numerous inconsistencies and
discrepancies were observed (5). Moreover, though
favorable effects were observed on serum lipids with
combination LT4+LT3 treatment, a higher activation of
bone resorption demonstrated yet another important
limitation of the treatment [15].

There is also the matter of non or inadequate
adherence to combination therapy as well as the use of
compounded versions of thyroid hormone. In a recent
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Danish study performed via a questionnaire on trends
in the use of LT4+LT3 combination therapy, 84% of the
293 patients reported a beneficial treatment effect, 44% of
the responders received their prescriptions from general
practitioners, 50% received desiccated thyroid and 28%
reported that they adjust their dose themselves [16]. These
numbers indicate that the European Guidelines on
LT4+LT3 combination therapy are not universally
followed, at least in Denmark, and also that the media may
influence the prescription pattern [16]. Also noteworthy
is a case of iatrogenic hypothyroidism resulting from
compounded thyroid hormone (T4/T3) therapy when
the thyroid replacement was changed from 175 pg L'T4
to 57/13.5 pg compounded LT4+LT3 daily, this leading
to high TSH and enlargement of the pituitary. Resolution
of the abnormalities was achieved with reintroduction
of LT4 treatment [17]. Reports of this kind clearly
substantiate the recommendations of the ETA and ATA
Guidelines against routine prescription of compounded
thyroid hormone. In another recent cross-sectional study
investigating the association between thyroid function
tests (TFTs) and QoL in patients with differentiated
thyroid cancer on LT4 monotherapy, no association
between TFTs including T4+T3 and 3.5-T2/T3 ratios and
QoL was found by multiple linear regression analyses [18].
The data do not suggest that a change in LT4 dose can
improve such symptoms as fatigue or wellbeing in hypo-
thyroid patients which are likely due to low T3 levels [18].

In a computer simulation study, pharmacokinetic
and physiological human data were validated and
compared in three clinical models: combined LT4+L/T3
vs LT4-only treatment, parenteral L'T4 administration and
central hypothyroidism [19]. In thyroidectomized
patients, combined LT4+LT3 therapy or LT4-only
replacement normalized plasma T3 via administration
of 145 yug LT4/day or 165 ug LT4 day, respectively. The
combined LT4+LT3 dosing needed to normalize both
plasma and tissue T3 levels was 105 ug LT4 + 9 pg T3 per
day, while plasma T4 and TSH remained normal. It was
thus observed that combined LT4+LT3 treatment-
simulated standard LT4-only therapy was sufficient to
renormalize average tissue T3 levels and maintain TSH
and T4 plasma levels within the normal range, indicating
adequacy and efficiency of standard LT4-only treatment,
which appears to be the optimal choice [19].

There is debate among specialists not only as to the
risks and benefits of combination therapy but also
regarding which is the most appropriate thyroid
functioning test [20]. Indicatively, repeated measurements
of serum T3 at baseline or during LT4+LT3 therapy could
not predict a positive response to this treatment modality.

It is known that LT4 administration reduces whole-
body D2-dependent T4 conversion to T3, though the
effect of LT4 on D2 activity in the hypothalamus is minor

[21]. An in vitro analysis into D2 ubiquitination prompted
by diverse tissue extracts led to moderately lower D2
ubiquitination in the hypothalamus: this suggested that,
unlike other D2 expressing tissues, the hypothalamus is
genetically determined to possess higher sensitivity to T4
[21]. A number of experimental studies have shown that
tissue-specific differences in D2 ubiquitination might well
comprise an inherent property of the TRH/TSH feedback
mechanism. In addition, studies in thyroidectomized rats
have revealed that a constant delivery of LT4 and LT3
alone is capable of entirely normalizing T3-dependent
metabolic markers along with gene expression profiles
[13].

Genetic variance

Individual differences in response to therapy may
also be related to single nucleotide polymorphisms (SN Ps)
in the DIO2 gene, which encodes the deiodinase 2 enzyme
regulating the conversion of T4 to T3 in the brain and in
other tissues. In this line of evidence, it was shown that
SNPs of the DIO2 Thr92Thr gene (Thr92Ala and
Ala92Ala) may be responsible for reduced serum as well as
intracellular T3 in thyroidectomized patients on
replacement treatment with levothyroxine [22]. The most
studied variant is rs225014 (Thr92Ala), which had no
effects on serum TSH, FT4 or T3 [13, 22], though it has,
importantly, been linked to diabetes, hypertension and the
risk of osteoarthritis [23]. In addition, these two SNPs in
DIO2, Thr92Ala (rs225014) and rs225015, were associated
withimpaired baseline measures of psychological wellbeing,
although another study did not find any improvement
to combined LT4+LT3 treatment, thus offering some
evidence in favor of a personalized treatment approach
to hypothyroidism in athyreotic patients [24, 25].

The three-generation LifeLines Cohort Study inclu-
ding genome-wide genetic data of 12,625 participants
found that the Ala/Ala genotype of the D2-Thr92Ala SNP
was present in 11.3% of LT4 users and in 10.7% of the
general population [26]. It is noteworthy that the highest
quartiles of FT3 and the FT3/FT4 ratio may predict
a49% and 67% higher prevalence of metabolic syndrome
(MetS) in men and a 62% and 80% higher prevalence
in women [26].

Besides its association with QoL in millions of patients
with hypothyroidism, Thr92Ala-D2, a common SNP,
exhibits a strong susceptibility to ubiquitination and
proteasomal degradation, which is regulated within the D2
molecule [27]. By accumulating in the Golgi, Ala92-D2
may, following oxidative stress, disrupt basic cellular
functions, increase pre-apoptosis and cause disease [27].

Another study was recently conducted aiming to
demonstrate that the presence of SNPsin the D2 Thr92Thr
gene (Thr92Ala and Ala92Ala) result in decreased serum
and intracellular T3 [28]. Indeed, an analysis of the D2
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gene in 102 thyroidectomized patients who were on
levothyroxine replacement and who carried the Thr92Ala
or Ala92Ala isoforms of D2 substantiated this hypothesis,
thus pointing to the need for the personalized treatment
of hypothyroidism in athyreotic patients [28]. More
specifically, of the 102 patients, 37 (37.3%) were
homozygous wild-type (Thr/Thr), 52 (51%) were
heterozygous (Thr/Ala), while 13 (12.7%) were
homozygous mutants (Ala/Ala) at the 92 position. Post
surgery, mean FT4 levels were seen to be significantly
elevated as compared to pre-surgery values in the
homozygous Thr/Thr and in the Ala/Thr, however not in
the Ala/Ala group. Finally, assessments of the effect of
clearance of the D2 protein in myocytes demonstrated
that the D2-Ala protein had a longer half-life and was also
more stable than the D2-Thr protein; also determined was
the fact transfected D2 brought about dose-dependent
apoptosis, this indicating that excess intracellular T3
could be lethal [28, 29].

It is also of note that the C-allele of a particular SNP
in DIO1 (rs2235544) is associated with increased DIO1
activity, resulting in slightly higher FT3 and lower FT4
[30]. Furthermore, in T4-treated hypothyroid patients,
the FT3/FT4ratiois higherinsubjectswho are homozygote
for this SNP as compared to the wild type (0.19 vs 0.17),
albeit it has not been related to persistent symptoms [30].
However, it should be emphasized that most of these
associations are independent of serum thyroid hormone
levels, which highlights the importance of local regulation
of thyroid hormones in tissues [30]. Though D2 accounts
for about 70% of circulating serum T3 in humans,
common genetic variants in DIO2 have not been linked to
serum iodothyronines [31].

Recently, another SNP was identified which is
associated with TSH levels, namely the rs4704397 SNP in
the phosphodiesterase 8B (PDE8B) gene [32]. A large
number of subjects (8938) of the Tromsg Study who were
without thyroid disease or thyroid medication were
successfully genotyped for rs4704397. Among these,
subjects harboring the minor homozygote genotype (A:A)
showed a median serum TSH level that was 0.29mIU/L
higher, as well as a significantly increased risk of myocardial
infarction, as compared to those with the major
homozygote genotype (G:G).

Epicrisis

Among those patients who, despite being on
monotherapy, present low-normal baseline T3, the
optimal approach for the assessment of their candidacy
for combined treatment is to undergo genomic sequencing
as well as to be enlisted in prospective and randomized
investigations. In this context, it is recommended that the
FT3/FT4 ratio be close to the physiological ratio of FT3/

T3: T4 ratio
Symptoms /\
Tachycardia 1:18
Nervousness 117 Syr_nptoms
Cardia Arrythmia Fatigue
Fatigue Depression
Moods swing Weight gain
Impaired QoL Impal_rgd QoL
Dizziness Cognition

Figure 1. The ratio of T4:T3, physiological at 14:1—15:1,
is a good parameter for evaluation of treatment either with LT4
monotherapy or with combination treatment with LT4+LT3.
A ratio higher or lower than the physiological ratio is often
accompanied by an increasing array of symptoms.

FT4 i.e. 1:14-1:15 (Fig 1) and additionally that serum T3
together with TSH be regularly monitored.

In the near future, genetic screening will enable
better characterization of the biology of individuals
with DIOs mutations thereby achieving more accurate
detection of those patients who are in need of combined
LT4+LT3 treatment. Furthermore, more numerous
options and the availability of low-dose and highly
absorbable T3 compounds will further contribute to the
individual tailoring of treatment of hypothyroidism.
In addition, the genotyping of thyroidectomized patients
who complain of hypothyroid symptoms and have a
relatively low FT3/FT4 ratio will also facilitate
identification of those requiring combined LT4+LT3
treatment and will simultaneously optimize the use of
technology in customized thyroidology.
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