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Abstract. In the last ten years a liquid formulation of liothyronine (L-T3) became available. To date, no studies on its
systematic use have been reported. This study is aimed at assessing the reliability of liquid L-T3 in achieving target TSH
in patients with differentiated thyroid cancers (DTC). Twenty-one high risk DTC patients in whom levothyroxine treatment
up to 2.0 pg/kg/day did not suppress TSH levels (i.e. >0.1 mIU/L) were selected. Maintaining the same L-T4 dose, they
started to assume liquid L-T3 at an initial fixed dose of 3.55 pg (5 drops). Further adjustments of L-T3 dose were tailored
according to individual assessment. Initial serum TSH ranged from 0.8 to 12.0 mIU/L, when patients assumed high dose
of L-T4 alone. Following the addition of a daily single dose of 3.55 pg L-T3, the target TSH was attained in five patients
(23.8%). After increasing L-T3 dose up to a mean of 7.3+£3.4 pg/day all patients reached target serum TSH (<0.1 mIU/L).
The mean individual L-T3 dose was significantly correlated with the body weight and was 0.11+0.04 pg/kg/day (p=0.013).
Mean L-T4:L-T3 ratio was 21:1. No patients showed skewed free-T; or free-T4 values, neither experienced discomfort nor
reported adverse events. Liquid L-T3 can be useful to achieve optimal TSH suppression in high risk DTC with not
suppressed TSH on L-T4 alone. This formulation allows an individual tailoring of L-T3, minimizing risks of side effects
as well as of overtreatment in these clinical conditions.
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THYROID neoplasia is a common entity largely rep-
resented by differentiated thyroid carcinoma (DTC),
mostly papillary. The initial treatment of these patients
includes surgical excision of thyroid gland and, in spe-
cific cases, neck lymph nodes dissection. Subsequently,
patients may undergo radioiodine treatment ('3'1) [1].
After this initial approach, DTC patients take thyroid
hormone therapy to replace thyroid gland produc-
tion and suppress TSH levels, when indicated. Serum
TSH suppression is specifically recommended in those
patients with advanced or more aggressive cancer type
who can be stratified as at high risk for recurrence/
persistence of disease [1-3]. The way to achieve the
desired serum levels of TSH in different thyroid dis-
orders is, as yet, a debated issue [4]. Traditionally,
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levothyroxine (L-T4) alone has been considered the
treatment of choice in athyreotic subjects, sometimes
with a dose higher than that one would expect [5]. To
obtain full suppression of TSH levels (i.e. <0.1 mIU/L)
the dose of L-T4 may be high enough to cause several
adverse effects in this long lasting treatment [6]. In
these athyreotic subjects the problem has been faced by
using a combined L-T4 and liothyronine (L-T3) treat-
ment [7]. Rationale for this treatment was that thyroid
gland secretes about 20% of circulating triiodothyro-
nine to a final serum thyroxine/triiodothyronine ratio
up to 15:1 [8]. Following thyroidectomy, the lack of
thyroid contribution to circulating triiodothyronine
might impair the whole thyroid hormones homeostasis
and a undefined number of athyreotic patients might
not reach this novel balance [9]. Several studies dealt
with the exact proportion between L-T3 and L-T4 dose
highlighting also the occurrence of side effects [10].
In fact, the specific ETA guidelines on this subject rec-
ommend to use much lower doses of L-T3 to enhance
safety; despite these efforts, no agreement has been
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reached on the different L-T4/L-T3 proportion nor on
the administration’s schedule. So far, a consensus of
L-T4 plus L-T3 treatment has not been achieved and
the use of L-T3 is currently not recommended [10].

In the last decade a liquid formulation of L-T3
(IBSA, Switzerland) has been made available in sev-
eral countries. This product could allow physicians to
administrate a tailored L-T3 dose and obtain the target
TSH value, avoiding potential side effects due to over-
treatment. To date, no studies on the systematic use of
liquid L-T3 in DTC patients have been reported. Also,
in Italy, the tablet formulation of L-T3 is commercial-
ized in a single dose of 20 pg and recently is discon-
tinuously available.

The aim of our study was to evaluate, with a pro-
spective design, the reliability of liquid L-T3 treat-
ment in achieving the optimal TSH values in high risk
DTC patients with not suppressed TSH by L-T4 treat-
ment alone.

Subjects and Methods

Selection of patients for the study

Initially, all DTC patients followed-up during the
period 2013-2014 at Ospedale Israelitico of Rome
were evaluated and screened. The study group was
selected by using specific inclusion and exclusion cri-
teria in agreement with the aim of the study. Indeed,
inclusion criteria were the following: a) being patient
stratified as high risk according to ATA; b) being pre-
viously treated by both surgery and '3'I; ¢) assuming
properly (i.e. at least 1 hour before breakfast) L-T4 as
the only thyroid treatment; d) having not suppressed
TSH levels (i.e. >0.1 mIU/L); exclusion criteria were:
a) having persistent cancer disease (i.e. structural and/
or biochemical) or any thyroid remnant demonstrated
by post-treatment imaging; b) using drugs interfer-
ing with L-T4 absorption [11]; ¢) having a previously
diagnosed gastrointestinal malabsorption of L-T4 [12].
Therefore, the study group encompassed 21 high risk
DTC patients with non-suppressed TSH on L-T4 treat-
ment alone; therapy of these 21 patients was shifted
from L-T4 alone to L-T4 at the same dose plus liquid
L-T3 at an initial fixed dose (see below). Fig. 1 illus-
trates the study design and selection of the study group.

Institutional management of high risk DTC
At Ospedale Israelitico of Rome the management
and treatment of DTC patients follow international

guidelines [1]. Patients assessed as high risk DTC
are rigorously placed in TSH suppression (i.e. <0.1
mlU/L). Each patient starts L-T4 treatment just after
B3I therapy. The initial L-T4 dose is tailored and
normalized by kg body weight (i.e. 1.6-1.8 ng/kg).
Patient is advised to take L-T4 in fasting condition.
Careful evaluation of pre-existing cardiologic status
and concurrent chronic diseases and therapies are pol-
icy of the institution. Written informed consent was
obtained for all participants in the study. The study
was approved by Ethical Committee of Ospedale
Israelitico, Rome (IT).

Management of patients of the study group

The patients of this study had been initially treated
with L-T4 dose progressively increased to obtain tar-
get serum TSH [13]. In patients in whom target serum
TSH was not achieved at the dose of 2.0 pg/kg/day or
more and/or in those with a slightly lower dose show-
ing a serum TSH above 4.0 mIU/L, liothyronine treat-
ment was added (Fig. 1). A mutual patient-physician
consensus was achieved to plan this novel therapeu-
tic approach and patients were asked to assume liquid
L-T3 formulation at the initial dose of 3.55 pg (5 drops)
once a day together with L-T4. Upon re-evaluation of
pharmacological thyroid homeostasis 45 days later,
those subjects who continue to have not suppressed
TSH were asked to increase L-T3 dose by additional
2.13-3.55 ng (total 8/10 drops). When needed, further
adjustments of L-T3 dose were tailored according to
the individual biochemical assessment.

72 high risk DTC selected
by inclusion criteria

——————> 51 cases excluded

21 high risk DTC with not suppressed TSH by L-T4 alone

PN

L-T4 dose >2.0 ng/kg L-T4 dose 1.81-1.98 pg/kg
(n=12) and TSH >4.0
(0=9)

l

[ 21 high risk DTC switched to L-T4 ]

(with unchanged dose) plus L-T3

Fig. 1 Selection of patients
The study series was enrolled during the period 2013-
2014. Inclusion and exclusion criteria are detailed
in the text.
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Potential cardiologic adverse effects by thyroid hor-
mones treatment (i.e. hypertension, tachyarrhythmia)
were systematically evaluated during each patient’s
visit by physical examination and cardiologic visit,
when appropriate.

Laboratory tests

In all subjects serum sample was drawn in the morn-
ing (i.e. between 0700 h and 1000 h) before ingest-
ing thyroid therapy and having breakfast. All patients
underwent serum evaluation every 45 days until TSH
levels were proven <0.1 mIU/L. All TSH, free-T5 and
free-T4 determinations were evaluated by chemilumi-
nescence assay.

Statistical analysis

Mean values and standard deviations were compared
by paired Student’s 7-test. Correlation between L-T3
dose and body weight was analysed by linear regres-
sion. Statistical significance was set at p<0.05. All
statistical analyses were performed using Graph Pad
Prism (Graph Pad Software Inc., USA).

Results

The study group included 21 high risk DTC patients,
mostly adult women, being only three patients older
than 60 yr. In Table 1 are shown the anthropomet-
ric and functional characteristics of the study group.
Despite L-T4 treatment alone at a mean daily dose of
2.0 pg/kg, their TSH ranged from 0.8 to 12.0 mIU/L.
Following the addition of the initial dose (3.55 mg/
day) of L-T3, TSH levels were significantly reduced
in all patients and the target TSH was attained in five
of them (23.8%). In the remaining 16 patients, upon
the first evaluation, the dose of L-T3 was increased by
2.13-3.55 pg/day (or 3-5 drops); at the next clinical
evaluation the number of patients reaching target TSH
increased to sixteen (76.2%). Five patients required
a further increase of L-T3 dose up to 14.2 pg/day (or
20 drops). Finally, therefore, all 21 patients achieved
the a TSH <0.1 mIU/L. Mean serum TSH value was
significantly reduced at 0.05+0.04 mIU/L as compared
to the initial one 3.3+3.3 mIU/L (p<0.001). The mean
liquid L-T3 dose able to obtain the target TSH levels
in all patients was 7.343.4 pg/day (about 10 drops) or
0.11£0.04 pg/kg/day once normalized by kg of body
weight. The individual dose varied in the 21 patients
from 2.8 to 14.2 pg day or 0.05 to 0.21 ng/kg/day,

and was significantly (p=0.013, R?=0.28) correlated
with body weight (Fig. 2). On the contrary, no sig-
nificant correlation was found between L-T3 dose and
initial TSH value. Once TSH was suppressed, mean
L-T4:L-T3 ratio was 21.3+9.0:1 (ranging from 8.8 to
44.0:1).

As far as concern with serum iodothyronines, free-
T; significantly (p<0.001) increased up to 3.3+0.4
pg/mL, while no significant changes of free-T,4 value
(1.2+0.2 ng/dL) were observed. Free-Tj increased in
all cases but one (95%). No patients showed free-T5 or
free-T4 values out of the reference ranges. No cardio-
logic adverse events were recorded. No subjects expe-
rienced discomfort.

Discussion
Patients affected by DTC and classified at high risk

of recurrence may have an improved prognosis when

Table 1 Main characteristics of patients included in the study

Patients (n) 21
Gender (females/males) 16/5
Age (yr) 43.1£12.0
Weight (kg) 64.3+7.7
Levothyroxine dose (ng/kg/day) 20+0.2
TSH (mIU/L) 3.8+33
Free-T; (pg/mL) 24+0.3
Free-T,4 (ng/dL) 1.2+0.5
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Fig.2 Correlation between liquid L-T3 dose to suppress TSH
and body weight
L-T3 represents the daily liothyronine dose added to
levothyroxine which allowed to suppress TSH levels
below 0.1 mIU/L.
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thyrotropin levels are below 0.1 mIU/L [1]. To achieve
this goal high doses of L-T4 are needed (i.e. 2.0-2.6
pg/kg/day) [2, 3]. However, this high dose of L-T4
could cause adverse effects on the heart and skele-
ton [6]. For these reasons, a personalized regimen of
thyroid hormones therapy should be recommended
and the use of the more active L-T3 suggested [7].
Unfortunately, most of the studies using the combined
treatment were aimed at examining mainly the qual-
ity of life and preference of patients for tablet L-T3,
and quite discordant results were reported [10]. Now,
liquid preparation of thyroid hormones may be more
rapidly absorbed as compared with tablet formulation,
which requires dissolution [14]. Direct absorption
through the oral mucosa for the liquid preparation of
liquid L-T4 was also proposed [15]. These advantages
reported for L-T4 advised us to test the efficacy of lig-
uid formulation of L-T3 to obtain suppressed TSH lev-
els in patients followed-up for high risk DTC who did
not show optimal suppression of TSH value during
L-T4 treatment alone. Unfortunately, here we could
not compare liquid vs. tablet L-T3 due to unavailabil-
ity in Italy of low doses L-T3 (i.e. 5 or 10 or 15 pg) and
because of discontinuous commercialization of the 20
ug product. As no evidence of pseudomalabsorption,
food or drug interference, and gastrointestinal malab-
sorption have been found, their refractoriness to L-T4
may be ascribed to something else (e.g. a lower level
of peripheral deiodination) [16]. The addition of a lig-
uid L-T3 preparation to the previous dose of L-T4 stem
from this hypothesis. Over a short period, by adding a
mean L-T3 dose of 0.11 pg/kg once a day to L-T4, the
desired TSH was attained in all subjects. Remarkably
for clinical practice, nor side effects nor abnormal lab-
oratory functional tests occurred, rendering overtreat-
ment unlike [17]. In our patients, once TSH suppres-
sion was achieved a mean L-T4:L-T3 ratio of 21:1 was
recorded. The latter should be quite in agreement with
that suggested by ETA guidelines, in contrast with the
large variability of L-T4:L-T3 ratio reported in the lit-
erature [10].

To note, regression analysis revealed a direct cor-
relation between liothyronine dose and patients body
weight, similarly to what reported for L-T4 treatment
[18]. This finding is surprising since the contribution
to circulating triiodothyronine, and thus its serum lev-
els, appears to be largely affected in humans by the tis-
sue-specific deiodination [8]. Although we have no
specific data to explain this result, the supervening inhi-

bition exerted by L-T3 on type 2 deiodinase (DIO2)
activity which might have lowered the peripheral con-
tribution to circulating triiodothyronine [19, 20] repre-
sents a suggestive hypothesis. If this assumption holds
true, then serum free-T3 would reflect mainly the phar-
macologic homeostasis due to the exogenous adminis-
tered dose of liothyronine. In our patients treated with
low dose of L-T3, serum free-T; also increased and
this may be crucial in patients lacking thyroid-derived
triiodothyronine, as thyroxine in most tissues inhibits
type 2 deiodinase activity and thus local triiodothyro-
nine production. We postulate that the higher levels
of serum T3, due to liothyronine administration, may
strengthen the action on TSH production, in keeping
with the action of T3 in triggering nuclear events [20].
Thus, the pituitary action of T3 may last longer than its
increase in the blood [21].

The absence of gland in athyreotic patients is also
an issue to be taken into account. The lack of direct
triiodothyronine contribution to circulating levels in
one side requires higher L-T4 amounts but on the other
side the tissue distribution of DIO2 is an asymmetric
one [16]. In fact, the peripheral activity of deiodinases
is a tightly and tissue specific regulated process [22].
Recently, it has been shown that hypothalamic sensi-
tivity to T4 inhibitory effect on T5 production may be
lower than in other tissues. Thyroid itself may behave
differently from other tissues and its removal may not
account only for the mean 20% of direct T3 production
but also for the response to stress of the entire deiodi-
nase system. According with Gereben et al. [16], we
may speculate that there is a gradient in tissue respon-
siveness to hypothyroidism and that some tissues may
be slower in restoring peripheral thyroid homeostasis.

In conclusion, these preliminary data showed that
liquid L-T3 can be useful to achieve optimal TSH sup-
pression in those patients followed-up for DTC at high
risk of recurrence/persistence. Indeed, the usefulness
of liquid formulation of L-T3 in reaching target TSH in
patients refractory to L-T4 alone has been shown. This
liquid formulation allows further progressive adjust-
ments of L-T3 with no side effects nor risk of over-
treatment. Further studies to ascertain the mechanism
underlying these effects are needed.
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