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Abstract

Purpose To compare the effectiveness of liquid L-T4 (L-thyroxine) and tablet L-T4 in patients on L-T4 replacement or
suppressive therapy.

Methods The Cochrane Library, PubMed, Embase, and Web of Science databases were searched to identify relevant
articles. All prospective or randomized controlled studies (RCTs) comparing liquid L-T4 and tablet L-T4 in patients on L-T4
replacement or suppressive therapy were included in the analysis.

Results Overall, the initial search of the four databases identified 1278 published studies; of these, eight studies were
ultimately included in the meta-analysis. TSH (thyroid stimulating hormone) levels were significantly suppressed in patients
on liquid L-T4 compared with those on tablet L-T4, in patients on L-T4 suppressive therapy with L-T4 malabsorption (Mean
Difference (MD) = —2.26, 95% Confidence Interval (CI): —3.59, —0.93; P =0.0009)). However, liquid L-T4 and tablet
L-T4 did not show a statistically significant difference in patients on L-T4 suppressive therapy without malabsorption (MD
=0.08,95% CI: —0.31, 0.47; P =0.69). TSH levels were significantly normalized in patients on liquid L-T4 compared with
those on tablet L-T4, in Patients on L-T4 replacement therapy with L-T4 malabsorption (MD = —3.20, 95% CI: —5.08,
—1.32; P=0.0009). However, liquid L-T4 and tablet L-T4 did not show a statistically significant difference in patients on
L-T4 replacement therapy without malabsorption (MD = 0.91, 95% CI: —0.03, 1.86; P = 0.06).

Conclusion Liquid L-T4 is more efficient than tablet L-T4 in patients on L-T4 replacement or suppressive therapy with
malabsorption. No significant differences were observed in patients without malabsorption. Further studies should be
conducted to verify these findings.

Keywords Liquid L-thyroxine - Tablet L-thyroxine * Hypothyroidism * Thyroid cancer * Meta-analysis

Introduction

Levothyroxine (L-thyroxine or L-T4) is used worldwide for
replacement purposes in patients with primary or central
hypothyroidism [1, 2]. It is also used at high doses for
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thyroid-stimulating hormone (TSH)-suppressive purposes
in high- risk patients who underwent thyroidectomy for
thyroid cancer, to decrease the risk of recurrence [3].
Acquired primary hypothyroidism is the most common
type of thyroid disease dysfunction, noticing that Hashi-
moto’s thyroiditis is the leading cause. An emerging cause
of acquired primary hypothyroidism is represented by
drugs, for instance tyrosine kinase inhibitors [4, 5]. Recent
studies have shown that hypothyroidism has some correla-
tions with cardiovascular diseases and metabolic syndrome
such as hypertension, diabetes and dyslipidemia [6-8].
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Therefore, an adequate L-T4 replacement therapy can
reverse or delay the events of those co-morbidities.

Differentiated thyroid cancer (DTC), which includes both
papillary thyroid cancer (PTC) and follicular thyroid cancer
(FTC), is the most common form of thyroid cancer. Approxi-
mately 90% of thyroid cancers are differentiated thyroid cancers
[9]. While most patients diagnosed with DTC have a good
prognosis, a significant proportion has persistent or recurrent
disease. TSH-suppressive therapy has been shown to be effec-
tive not only in those with persistent metastatic disease but also
in high- risk “disease —free” patients to reduce the risk of
recurrence. In recently updated guidelines from the American
Thyroid Association (ATA), the serum TSH suppression should
be maintained <0.1 mU/L for high-risk thyroid cancer patients,
0.1-0.5 mU/L for intermediate—risk thyroid cancer patients and
0.5-2.5 mU/L for low-risk thyroid cancer patients [3].

In some cases, L-T4 is used at TSH-suppressive doses
also to treat patients with nodular goiter even though this
purpose is still debated [10, 11].

L-thyroxine in tablet is widely used in clinic. To obtain a
good L-T4 tablet dissolution, an acid intragastric pH is
necessary, and about 70% of the orally ingested L-T4 is
absorbed mostly in the upper intestine (duodenum, jejunum
and ileum) [12].

There are many conditions that can interfere with L-T4
absorption. In fact, studies showed that dietary fiber and coffee
interfere with L-T4 absorption [13, 14]. Malabsorption is also
reported in disorders such as Helicobacter pylori infection,
atrophic gastritis, inflammatory bowel disease, celiac disease,
and lactose intolerance [14, 15]. Many commonly used drugs
such as cholestyramine, colesevelam, lanthanum, calcium
carbonate, calcium citrate, calcium acetate, iron sulfate, cipro-
floxacin, aluminum hydroxide, sevelamer, or proton pump
inhibitors (PPIs) have also been shown to interfere with L-T4
absorption [14]. In addition, some conditions such as enteral
feeding tube can also interfere with drug absorption [16].

The usual formulation of thyroxine is in tablet, but new
formulations in soft gel capsule or liquid form exist in
clinical application as well [17]. When the target serum
thyroid—stimulating hormone(TSH) levels are not reached
with the L-T4 tablet treatment, physicians can increase the
daily dose [12]. It was reported that nearly 40% of patients
undergoing treatment with levothyroxine are either over-
treated or undertreated [18]. Therefore, any new formula-
tion with a better outcome would be welcomed.

Many studies have been recently conducted. They
compared the efficacy of liquid L-T4 and tablet L-T4 in
patients on L-T4 therapy with or without malabsorption
[19-21]. Grussendorf et al. reported the bioequivalence of
tablet L-T4 and liquid L-T4 in the treatment of hypothyroid
patients [22]. However, other studies showed that the two
formulations are not statistically bioequivalent, especially in
patients with malabsorption [12, 20, 23].

To further evaluate the efficacy of the new liquid L-T4
formulation, we performed a meta-analysis to compare
liquid L-T4 with tablet L-T4 in patients on L-T4 replace-
ment or suppressive therapy, since there has never been any
meta-analysis on this topic.

Materials and methods
Study selection and data extraction

The PubMed, EMBASE, Web of Science, and Cochrane
library databases were searched for relevant papers. The last
search was performed on October 15/2017. To identify all
the relevant studies, the search terms were “liquid levo-
thyroxine” or “liquid L-thyroxine” or “liquid L-T4” and
“tablet levothyroxine” or “tablet L-thyroxine” or “tablet
L-T4” and “hypothyroidism” or “surgery” or “thyroid
cancer” or “absorption”.

The eligibility criteria were as follows:1) the study
should be prospective or randomized controlled trial; 2) the
study comparing liquid L-thyroxine with tablet L-thyroxine
in patients on L-thyroxine replacement or suppressive
therapy; 3) the study should be written in english; 4) the
study should be published as full text; 5) the study with
complete outcome. The studies which did not fulfill the
eligibility criteria were excluded.

To specifically assess the efficacy of the liquid for-
mulation, the included studies were divided into four sub-
groups: a) patients on L-thyroxine replacement therapy with
malabsorption; b) patients on L-thyroxine replacement
therapy without malabsorption; c) patients on L-thyroxine
suppressive therapy with malabsorption; d) patients on
L-thyroxine suppressive therapy without malabsorption.

Any condition that can interfere with L-thyroxine
absorption was considered as malabsorption, including a)
patients after bariatric surgery, b) patients on calcium or
iron supplementation, c) patients with enteral tube feeding,
d) patients on PPIs, e) patients on concomitant intake of
multiple drugs, f) patients with helicobacter pylori infection.

Study quality and risk of bias assessment

The authors worked independently to search for and assess
studies for their methodological quality. The Cochrane
collaboration’s tool for assessing the risk of bias was used.
It includes seven entries: the random sequence generation,
the allocation concealment, blinding of participants, blind-
ing of personnel, blinding of outcome assessor, incomplete
outcome data, selective reporting. If one study has more
than two “high risk” entries, it was considered to be of low
quality; otherwise it was considered to be of high quality
[24]. Any disagreement in the study was resolved by
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consensus and, if necessary, a senior staff member was
consulted.

Statistical analysis

Mean differences (MDs) with 95% confidence intervals
(ClIs) were calculated to assess the effect of continuous data
using Review Manager Version 5.3 software. I° and
P-values were calculated to assess the heterogeneity among
studies (> 50% and /or P <0.05 were considered statisti-
cally significant). We used the method of Xiang Wan et al.
[25], in case that data were not presented as mean and
standard deviation. Therefore, the mean and standard
deviation were then estimated.The MDs were pooled using
only a random effects model to calculate a more con-
servative result. MDs <0 indicated a better outcome for
using liquid L-T4 while MDs >0 indicated a worse outcome
for using liquid L-T4. Subgroup analyses were performed in
patients on L-thyroxine replacement or suppressive therapy,
and with or without malabsorption. Publication bias was not

assessed due to the small number of studies in our meta-
analysis. The Cochrane meta-analysis guidelines suggest
the use of Egger’s test for publication bias for analyses with
more than 10 studies.

P <0.05 was considered to have a statistically significant
difference in the outcomes between liquid L-thyroxine and
tablet L-thyroxine.

Results

A total of 1278 papers were retrieved from the four data-
bases, among which 971 papers were duplicates.16 poten-
tial studies were included for full text view after reviewing
the titles and abstracts. With further screening, a total of
eight studies met the inclusion criteria [26—-33]. Flowchart
of study selection is shown in Fig. 1. The main character-
istics of eligible studies are summarized in Table 1. The
publication dates of all included studies vary between June/
2014 and June/2017.

Fig. 1 Flow chart of study
selection

Literature search in pubMed, EMBASE, Web of
Science and Cochrane Library (n=1278)

Duplicates (n=971)

Remaining studies (n=307)

No relevant using title and

abstract (n=291)

Full —text articles retrieved for detailed evaluation (n=16)

-Other language (n=1)
-insufficient data (n=4)

-comparing L-T4 capsule (n=1)
-retrospective study (n=2)

Studies included in the meta-analysis (n=8)
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Table1 Characteristics of included studies

Sample size (1)

Treatment groups

Period of enrollment and/or target population

Study design, region, and year

References

From 2012 to 2013, patients on L-T4 replacement or suppressive therapy Liquid L-T4 vs. tablet L-T4 24

Prospective cohort study, crossover design in Messina, Italy;

2014

Vita et al. [26]

11

Patients on L-T4 replacement or suppressive therapy Liquid L-T4 vs. tablet L-T4

Prospective cohort study, crossover design in Messina, Italy;

2017

Vita et al. [27]

43

Liquid L-T4 vs. tablet L-T4

From January/2013 to December/2015, naive hypothyroid patients

Prospective randomized comparative study, in Italy; 2016

Ribichini et al. [28]

20

Liquid L-T4 vs. tablet L-T4

From January /2011 to May /2013, Patients with total thyroidectomy

(laryngeal cancer)

Prospective comparative study, in Italy; 2014

Pirola et al. [29]

59

From January to June 2013, patients with differentiated thyroid cancer (after Liquid L-T4 vs. tablet L-T4

surgery)

Prospective unblinded comparative study, crossover design, in
Ttaly; 2014

Giusti et al. [30]

17

Liquid L-T4 vs. tablet L-T4

From the end of 2013 to the first months of 2015, hypothyroid patients

Prospective comparative study, crossover design in Messina,
Ttaly; 2016

Fallahi et al. [31]

102

Prospective randomized comparative study, Brescia, Italy; 2017 From January 2012 to February 2015, patients with differentiated thyroid Liquid L-T4 vs. tablet L-T4

Capelli et al. [32]

cancer (after surgery)

19

Liquid L-T4 vs. tablet L-T4

Hypothyroid patients

Prospective comparative study, crossover design, in Messina,
Ttaly; 2017

Benvenga et al. [33]

Study characteristics

In four studies, there was a comparison between liquid L-T4
and tablet L-T4 in patients on L-T4 replacement therapy
[28, 29, 31, 33]. In two studies, there was a comparison of
liquid L-T4 and tablet L-T4 in patients on L-T4 replacement
or suppressive therapy [26, 27]. In the remaining 2 studies,
liquid L-T4 was compared with tablet L-T4 in patients on
L-T4 suppressive therapy [30, 32]. In each study included,
the daily dose of L-T4 was similar for both tablet and liquid
formulations.

In five studies, all participants have at least one factor of
malabsorption [26, 27, 29, 31, 33]. In one study, the effi-
cacy of tablet and oral liquid L-T4 formulation was com-
pared in patients with or without Helicobacter pylori
infection [28]. In the remaining studies, there was not any
condition influencing absorption being mentioned [30, 32].
In all the studies, the liquid L-T4 used, was Tirosint solu-
zione orale (IBSA Italia s.r.]).

Patients characteristics

The baseline characteristics such as sample size, sex, age, body
mass index (BMI), TSH, Free thyroxine (f T4), free triio-
dothyronine (fT3), were comparable between patients on liquid
L-thyroxine and patients on tablet L-thyroxine. There were no
statistically significant differences between the patients in the
two groups (Group on liquid L-T4 and group on tablet L-T4).

Publication bias
All included studies were considered to be of high quality.
Outcome

Patients on L-T4 suppressive therapy with drug
malabsorption

TSH levels were remarkably suppressed in patients on liquid
L-T4 in comparison with those on tablet L-T4 (Fig. 2), and
with a statistically significant difference [(MD = —2.26, 95%
Confidence interval (CI): —3.59, —0.93; P =0.0009)].
The heterogeneity between studies was not significant
(P =0%, P=0.62).

Patients on L-T4 suppressive therapy without drug
malabsorption

TSH suppression seemed to be more obvious in patients on
tablet L-T4 than those on liquid L-T4 (Fig. 2). However, there
was not a statistically significant difference (MD = 0.08, 95%
CL: —0.31, 0.47; P=0.69). The heterogeneity between stu-
dies was significant (P =59%, P=0.12).
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Oral liquid L-T4 Tablet L-T4
Study or Subgroup  Mean SD Total Mean

Mean Difference
SD Total Weight IV, Random, 95% CI

Risk of Bias
ABCDEFG

Mean Difference
IV, Random, 95% CI

1.1.2 TSH suppression in patients with malabsorption
Vita etal. 2014 01 03 10 21 27 10 626%

Subtotal (95% CI) 16 16 100.0%
Heterogeneity: Tau®= 0.00; Chi*=0.25, df=1 (P=0.62); F=0%
Test for overall effect: Z= 3.33 (P = 0.0009)

1.1.3 TSH suppression in patients without malabsorption

Cappellietal. 2017 031 0.09 51 036 017 51 70.0% -0.05[-0.10,0.00]
Giustietal. 2014 075 1.92 54 037 061 59 30.0% 0.38 [-0.16, 0.92)
Subtotal (95% Cl) 105 110 100.0% 0.08 [-0.31,0.47])

Heterogeneity: Tau®= 0.05; Chi*= 2.46, df=1 (P=0.12); F=59%
Test for overall effect: Z= 0.40 (P = 0.69)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

-200(-3.68,-0.32) +—l—
Vita etal. 2017 05 08 6 32 26 6 374% -270(-488,-052) ¢—&——

-2.26 [3.59, -0.93] o —

2 1 0 1 2
LIQUID L-T4 IS BETTER TABLET L-T4 S BETTER

Fig. 2 Forest plot: TSH suppression, when comparing liquid L-T4 and tablet L-T4 in patients on L-T4 suppressive therapy with or without

malabsorption

Patients on L-T4 replacement therapy with drug
malabsorption

TSH levels were remarkably normalized in patients on
liquid L-T4 compared to those on tablet L-T4 (Fig. 3), and
with a statistically significant difference (MD = —3.20,
95% CI: —5.08, —1.32; P=0.0009). The heterogeneity
between studies was significant (> = 81%, P <0.0001).

Patients on L-T4 replacement therapy without drug
malabsorption

TSH normalization seemed to be more obvious in patients
on tablet L-T4 than those on liquid L-T4 (Fig. 3). However,
there was not a statistically significant difference (MD =
0.91, 95%CI: —0.03, 1.86; P=0.06). The heterogeneity
between studies was not significant (I2 =0%, P=0.47).

Discussion

The results of this meta-analysis show that liquid L-T4 is
better than tablet L-T4 in patients on L-T4 replacement or
suppressive therapy with malabsoption (Figs. 2 and 3).
However there is not a statistically significant difference
when liquid L-T4 is compared with tablet L-T4 in patients
without malabsorption (Figs. 2 and 3).

In patients withL-T4 malabsorption, liquid L-T4 seems
to be a better alternative therapy when the target serum
thyroid —stimulating hormone (TSH) levels are not reached
with the L-T4 tablet. Our results support previous findings.

@ Springer

In fact, recent studies have proved that liquid L-T4 has a
better therapeutic effect than tablet in patients undergoing
bariatric surgery [31, 34], under PPIs or concomitant intake
of multiple drugs [26, 35], with Helicobacter pylori infec-
tion [28] or when administered with breakfast [36, 37].
Liquid L-T4 pharmacokinetic properties explain the
mechanism whereby liquid L-T4 can escape from multiple
interferes. First, L-T4 in the liquid formulation does not
need a dissolution phase in the stomach, which is necessary
for the tablet and occurs at acidic pH [38]. Therefore, any
interferer that increases or tampons the gastric pH, as proton
pump inhibitors, calcium supplementation or sodium algi-
nate, does not reduce the amount of L-T4 that is conveyed
to the small intestine. Second, liquid L-T4 appears to be
refractory also to the binding by drugs that sequester it and
form insoluble complexes in the intestinal lumen, resulting
in reduced absorption [27]. At last, the ethanol contained in
the liquid formulation may enhance L-T4 absorption [39].

The liquid formulation could be helpful in saving a large
amount of money. In fact, the repeated biochemical mon-
itoring in L-T4 treated hypothyroid patients under simul-
taneous supplementation with iron (men and women) or
calcium carbonate (women) in the European Community
could be as high as one—eighth of billion Euros [33]. Negro
et al. [40], interestingly, also found that a less proportion of
patients on the liquid L-T4 had TSH values outside the
normal range at follow up visit. The same authors suggested
that the reduction of TSH variability by the use of liquid
formulation, may give rise to reduced consultations, fewer
laboratory tests, fewer dose adjustment and better outcomes
for patients. Furthermore, Helicobacter pylori are very
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Oral liquid L-T4 Tablet L-T4
Study or Subgroup Mean SD Total Mean

Mean Difference
SD Total Weight IV, Random, 95% CI

Risk of Bias
ABCDEFG

Mean Difference
IV, Random, 95% CI

2.1.2 TSH normalization in patients with malabsorption
Benvenga etal. 2017 195 1.3 19 748 58 19 135% -553[-8.20,-2.86]
Fallahi et al. 2016h 312 133 4 882 276 4 126% -570[8.70,-2.70]
Fallahi etal. 2016r 3.808 1.83 13 758 3.07 13 155% -3.77[5.71,-1.83] —_—
Pirola etal. 2014 281 1.04 10 294 1.22 10 17.7% -013[1.12,0.86] ==
Ribichini et al. 2016h 41 2 14 57 49 14 133% -1.60[4.37,1.17] — T
Vita etal. 2014 1.7 1 14 54 43 14 145% -3.70[6.01,-1.39] .
Vita etal. 2017 28 1 5 57 32 5 128% -2.90[5.84, 004 . — |
Subtotal (95% CI) 79 79 100.0% -3.20 [-5.08, -1.32] .
Heterogeneity: Tau®= 4.96; Chi*= 31.81, df=6 (P < 0.0001); F=81%
Test for overall effect: Z= 3.33 (P = 0.0009)
2.1.3 TSH normalization in patients without malabsorption
Ribichini et al. 2016a 33 2 14 2 18 14 449% 1.30 [-0.11, 2.71] —
Ribichini et al. 2016w 27 13 7021 12 8 551% 060067187 —1il—
Subtotal (95% CI) 21 22 100.0% 0.91 [-0.03, 1.86] L 3
Heterogeneity: Tau®= 0.00; Chi*=0.52, df=1 (P=0.47), F=0%
Testfor overall effect: Z=1.90 (P = 0.06)

10 -5 0 5 10

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

LIQUID L-T4 ISBETTER TABLET L-T4IS BETTER

Fig. 3 Forest plot: TSH normalization when comparing liquid L-T4 and tablet L-T4 in patients on L-T4 replacement therapy with or without

malabsorption

common in less developed countries [41, 42]. Thus, the new
formulation should be chosen in those patients suspected of
helicobacter pylori infection.

As both L-T4 and PPI are top prescribed drugs world-
wide, it is common to meet patients who take them con-
currently [43]. The physicians usually increase tablet L-T4
dose, which is a real risk of iatrogenic hyperthyroidism. In
addition, overtreatment of L-T4 is particularly dangerous in
old patients, in whom the risk of arrhythmia or fracture is
higher [26]. Therefore, the use of new formulation may be
safer and welcomed.

The obesity is worldwide a growing problem [44]. In the
last decades, demand for bariatric surgery has globally
increased [45, 46]. This procedure can lead to drug
malabsorption [47]. After bariatric surgery, liquid L-T4 has
been shown to be more efficient than tablet L-T4.It has
resolved the problem of tablet L-T4 malabsorption observed
in patients on L-T4 therapy after bariatric surgery [31].

Pirola et al. [29] showed that liquid L-T4 can be admi-
nistered immediately through nasoenteric tube without the
need for an empty stomach. The same authors also found
that this formulation was more easily managed by nurses
than with the tablet formulation in patients under enteral
nutrition through a feeding tube. Peroni et al. [48] con-
cluded liquid L-T4 might be more useful in congenital
hypothyroid infants, especially around 6 months of treat-
ment, at the time of weaning, when the intake of new types
of food could interfere with drug absorption and

deleteriously affect treatment efficacy. Thus, the use of
liquid L-T4 in patients with malabsorption is of great
importance.

This meta-analysis showed a better efficacy of liquid L-
T4 in patients with malabsorption. However, its use remains
controversial in elderly or secondary hypothyroid patients
[37]. In fact, elderly patients are more susceptible to adverse
effect of thyroid hormone excess. Therefore, careful titra-
tion of L-T4 dose, particularly when a formulation that
ensures a better absorption is used, is needed to avoid
iatrogenic thyrotoxicosis. In addition, overtreatment or
under-treatment may often occur in secondary hypothyroid
patients on L-T4 and a careful monitoring of circulating
thyroxine should be assessed when using liquid L-T4.

Some recent studies have shown that liquid L-T4 is even
more efficient than tablet L-T4 in patients without malab-
sorption [12, 20]. However, our meta-analysis has not found
a statistically significant difference between the two for-
mulations in patients without malabsorption (Figs. 2 and 3).
Nevertheless, our findings correlate with previous findings
where no significant difference was found between the two
formulations in patients without malabsorption [28].

The current study presents some limitations. In fact, we
did not find enough and large studies comparing liquid L-
T4 and tablet L-T4, especially in patients without malab-
sorption. All the included studies originate from Italy and
therefore one cannot exclude the possibility that other
populations might behave differently. In addition, as all
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selected studies are from Italian research groups, there is a
possible overlapping of study methodology and redundant
findings that may influence the main results of the present
study. Thus, further large-sized studies or RCTs should be
conducted.

Conclusion

This is the first meta-analysis comparing liquid L-T4 and
tablet L-T4 in patients on L-T4 replacement or suppressive
therapy. Our findings proved again that liquid L-T4 is sig-
nificantly more efficient than tablet L-T4 in patients on L-
T4 replacement or suppressive therapy with malabsorption.
No significant differences were found in patients without
malabsorption. Further large—sized studies or RCTs should
be conducted to verify these findings.

Data availability

The datasets during and/ or analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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