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Abstract

Levothyroxine tablet has been used for improving serum thyroid hormones. Despite its efficacy,
there has been a persistent recurrence. We aimed to evaluate the efficacy of levothyroxine
regimen (administered as sodium tablets or liquid) therapy, including the regime in combination
with other thyroxine hormones, to determine its effectiveness and safety regarding thyroid tumor
patient outcomes. An electronic search of the online databases (PubMed, EMBASE, and Web of
Science) was performed in duplicate independently to identify any potential studies published in
the English language from January 2002 to October 2022. The records were retrieved using
keywords and MeSH terms. The Cochrane risk of bias tool in the Review Manager (RevMan
software version 5.4.) was used to evaluate the risk of bias in the included studies. A total of 18
quality studies were reported on levothyroxine tablets. Results showed that liquid levothyroxine
was more efficient than tablet levothyroxine. Further results showed that levothyroxine in
combination with L-T3 or I-131 was more effective than L-T4 tablet monotherapy for improving
thyroid cancer hormones. Levothyroxine tablet monotherapy is less efficient than liquid
levothyroxine and/or levothyroxine combined therapy.
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Thyroid cancer is the most common malignant and
endocrine tumor, especially around the neck regions.!
Recently, scholars reported that over 580 000 cancer-
diagnosed patients globally were thyroid cancer cases,
representing about 3 percent of the overall cancer
incidence rates.” In particular, the most common form of
thyroid cancer is differentiated thyroid cancer (DTC), a
category that comprises follicular thyroid carcinoma,
thyroid carcinoma, and Hurthle cell carcinoma, which
cumulatively causes up to 86% of thyroid cancer cases.’
In the past few decades, DTC has exhibited an excellent
prognosis accounting for between 7 and 15% of all
thyroid cancer surgery.* However, hypothyroidism is a
significant treatment conundrum in clinical outcomes as
it mainly impacts the patient's physiological function.
Other than unusual events of benign thyroid disease,
radioiodine therapy, cancer surgery, or autoimmune
thyroiditis, hypothyroidism is majorly caused by the
lesions within the hypothalamic-pituitary-thyroid axis,
and this leads to insufficient secretion of the crucial
thyroid hormones.’> Notwithstanding, hypothyroidism

prevalence is usually determined by the serum thyroid-
stimulating hormone (TSH) levels above the normal
upper limits, or rather the diagnostic cut-off point (>4.0
mU/L).> Notably, the literature asserts that
hypothyroidism is common in women and the elderly due
to the inadequate action and concentration of thyroid
hormones within the target tissues.® Initially, adjuvant
radioiodine ablation, TSH suppression, and prophylactic
cervical lymph node dissection were used as treatment
alternatives. However, a more promising thyroid
hormone replacement therapy is currently in demand as
the best treatment option. The therapy has been based on
a levothyroxine regimen, considered safe and effective in
achieving the clinical objective of relieving DTC
symptoms and normalizing the thyroid hormones to the
required levels. Since TSH is asserted as the most
specific and sensitive marker of thyroid tumor status in
patients, the suppression of hypothyroidism symptoms is
affected by levothyroxine (LT4) regimen at the serum
TSH levels of 0.4 to 4.0 mU/L.” Although effective, the
long-term supra-physiological therapy using
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Fig 1. PRSIMA flow chart diagram.

with reasons

levothyroxine regimes, usually as a liquid or sodium
monotherapy, is currently associated with some side
effects, including increased arrhythmia prevalence,
reduced bone mass, and increased cardiac workload. For
instance, Wiersinga et al. noted that although most
patients who were on levothyroxine therapy were
asymptomatic, a significant ratio (5 to 10%) exhibited
residual symptoms (including troubled moods, weight
gain, cognitive impairments, and fatigue, and cold
intolerance) regardless of their normal thyroid test
results. This brings controversies on TSH suppression
therapy using levothyroxine monotherapy.® Additionally,
the advent of the new TSH assays believed to exhibit
greater sensitivity is on the debate for inclusion as a tool
for evaluating TSH suppression by thyroxine hormone
regimens.® In particular, thyroglobulin (Tg), a tissue-
specific tumor marker, is poised to show a better
correlation on the DTC amounts detected to inform a
better treatment option. Currently, there are emerging
thyroxine hormonal regimes applied for TSH suppression
therapy. For instance, the routine administration of
Iodine-131 (I-131) has been reported, but existing
literature is yet to report its efficacy as monotherapy.
However, administering lodine-131 with a follow-up of
levothyroxine (L-T4), suppressive therapy is perceived to
effectively improve serum TSH levels and serum
thyroglobulin (Tg) levels, thus, effective DTC case
management. Other regimens include a combined
therapy of LT4 and liothyronine (LT3), which is argued

to reduce the conversion of T4 to T3 receptors.
Contrarily, other scholars assessing LT4 and LT3
combined therapy have found no significant difference
with LT4 monotherapy on patient quality of life. On
mood improvement, two studies have certified that
combined Lt4/LT3 therapy positively improved the
mood of thyroid tumor patients.>!'® Opposition to the
latter argued that the administration of LT4 monotherapy
significantly reduces serum FT3 concentrations,'!
implying reduced intercellular T3 hormones in the brain
and other vital organs. In this view, these scholars allude
that utilizing LT3 monotherapy is likely to achieve higher
intercellular T3 concentration, consequently improving
the patient's quality of life.

Given the conflicting viewpoints on levothyroxine
regimen towards enhancing serum TSH and Tg
hormones, this systematic review and meta-analysis
aimed to evaluate the efficacy of levothyroxine regimen
(administered as sodium tablets or liquid) therapy,
including the regime in combination with other thyroxine
hormones; to determine its effectiveness and safety with
regards to thyroid tumor patient outcomes.

Materials and Methods

The present systematic review and meta-analysis was
done per the guidelines provided by the Cochrane
Collaboration Search Strategy and Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement.'?
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Fig 2. Risk of bias (Upper panel) Summary and (Lower panel) Graph.

Eligibility criteria
Studies were included based on the following inclusion
criteria:

1. Peer-reviewed articles published in English
between 2002 and October 2022

il. Prospective cohorts and randomized controlled
trials

iii. Studies that compared tablet levothyroxine with
liquid levothyroxine in thyroid cancer patients
Studies that compared tablet levothyroxine
monotherapy with combined therapy of other
regiments, including iodine-13, liothyronine

V. Studies that were published in full text
Otherwise, studies were excluded if:

i. Were not published in English
il. Were not accessible in full-text
ii. Were not RCTs and prospective cohorts

iv.

iv. Did not compare liquid vs. tablet levothyroxine
or in combined therapy with other regimens
Search strategy

A manual electronic search of the online English
databases (PubMed, EMBASE, and Web of Science) was
performed in duplicate independently to identify any
potential studies published from January 2002 to October
2022 assessing the efficacy of levothyroxine regimen
administration for thyroid cancer patients. The search
process entailed the use of keywords and MeSH terms
that included the following; stimulating thyroid hormone
(TSH), triiodothyronine (T3), free triiodothyronine
(FT3), free thyroxine (FT4), levothyroxine,
hypothyroidism, tablet L-thyroxine, liquid L-thyroxine,
liquid L-T4, tablet levothyroxine, tablet

L-T4, thyroid cancer.
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Fig 3. Levothyroxine monotherapy or drug malabsorption: Forest plot analysis of Liquid L-T4 vs. Tablet L-T4.
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Fig 4. Levothyroxine monotherapy for non-malabsorption: Liquid L-T4 vs. Tablet L-T4.
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Fig 5. TSH levels: L-T4 patients on replacement (normalization) therapy with and without drug malabsorption.
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Additionally, the reference lists of all potentially eligible
studies were screened and manually retrieved for
additional articles.

Study selection

All retrieved citation records were manually checked for
eligibility and any record that contravened the inclusion
criteria was removed. After deduplication, the reviewers
independently scanned through the titles and abstracts of
the articles to exclude any study that was not per the

preset criteria for inclusion. It was followed by scanning
and reading the full texts of the selected studies that
ideally conformed to the inclusion criteria standards. Any
contrary opinion regarding the inclusion or exclusion of
a particular article was discussed to reach a consensus
between the two reviewers. However, unresolved
conflicts were addressed through a discussion with the
third reviewer (G.G.T).
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Fig 7. Ft3 (T3) forest plot analysis.
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The data extraction process began by abstracting all
relevant data on the preset datasheet. The following data
were extracted from the included studies into the data
sheet; first author's name, year of study publication, study
design, region by country, patient demographics
including age and cancer tumor type, period of study,
sample size, treatment regimen, and outcome measures
assessed.

Risk of bias and methodological Quality Assessment
The data quality in the included articles was analyzed
using the Cochrane Risk of Bias tool through the
following categories. The first was rated (good),
including articles with the least bias and reported valid
results with clear descriptions of participant size and
populations, study settings and intervention, appropriate
analytical and statistical methods, no reported study
errors, and appropriate reporting of dropouts and
confounding factors. The second classification was (fair);
it involved studies that reported bias to a certain degree
but were insufficient to invalidate the results. Also, these
studies depicted suboptimal adjustments on confounder
factors and may have lacked some crucial information to
assess potential problems or limitations. The last
category of studies (poor) data included those with

significant biases that invalidated their results, i.e.,
studies that did not consider confounders or made
appropriate adjustments. The studies might also have
critical delimitations in design and analysis and missing
some crucial data.

The Cochrane risk assessment tool (RevMan5.4
software) also assessed the risk of bias. The bias risk was
assessed through the seven key domains: sequence
generation, allocation concealment blinding of
participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective
reporting, and other potential sources of bias.

Statistical analyses

This study used the Cochrane Collaboration Review
Manager Software (RevMan 5.4) for data and statistical
analysis. The standard mean difference (SMD) was the
standard measure for the overall polled effect for
continuous variables when the same scale was used for
the same outcome with 95% confidence intervals (CIs).
The study used Cochran's Q-test with a p-value to
evaluate the overall effect of the evaluated outcomes of
the included articles in each meta-analysis. Besides, the
I? statistic was used to measure heterogeneity degree, and
I2 values of 75, 50, and 25% were nominally perceived as
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either high, moderate, or low heterogeneity, respectively.
However, [ 2 < 50% and p > 0.1 indicate homogeneity in
the included studies.

Results

Search results

The study authors reviewed a total of 1132 articles that
were retrieved from the database search. Of the total
records, 578 sources were eliminated in the deduplication
phase resulting in 554 records for screening. Two authors
subjected the 554 records to title check and screening of
the abstracts to eliminate any records contrary to the
study topic. The title and abstract screening excluded 413
records; hence, only 141 sources were obtained. The final
screening process involved full-text screening of all the
studies to determine the suitable records for inclusion.
Based on the pre-defined study eligibility criteria, 123
articles that did not meet the eligibility criteria were
eliminated from the study. Finally, only 18 sources fully
met the inclusion criteria and were thus considered in this
study's synthesis analysis and meta-analysis. The search
process results are summarized in the study PRISMA
diagram (Figure 1).

Characteristics of included studies

A summary of key characteristics of the 18 included
studies is presented in Supplementary Table 1. The
present study borrowed extensively from all potential
sources published between 2003 and 2022. Of the 18
quality studies, 12 records were comparative prospective
cohort crossover studies,'>? while the remaining five
were randomized controlled trials.?3° Of the included
studies, eleven provided data comparisons on the
effectiveness of liquid verse tablet levothyroxine, and all
were based in Italy except one that was based in the
United States of America.!® The other seven studies
evaluated the efficacy of levothyroxine tablets against
combined therapies. Two included studies compared
levothyroxine monotherapy with a combination of
levothyroxine and iodine-131,'>!® whereas five other
studies evaluated levothyroxine monotherapy against

LT4/LT3 combination therapy.263° Of the seven studies,
two were of China origin,'>!'¢ while the rest were from
Australia,” Russia,>® Brazil,”® America,?® and Spain.?’
Regarding patient age, most studies included adults
between 18 and 78 years old, except for one study that
included newborns aged between 3 to 5 days old.'* The
study included a total of 1048 participants from the
studies. Most of the included studies presented a
significantly smaller sample size, with the lowest being
11 and the largest 166 patients.'?

Risk of bias assessment

All the included studies described the method of
randomization and allocation concealment. Overall, the
studies presented a low risk of bias in all the assessment
domains. Upper and lower panels of Figure 2 present a
summary of the risk of bias in all the included studies.
Levothyroxine (LT4) monotherapy: liquid L-T4 vs.
tablet L-T4

TSH levels: L-T4 patients on suppressive therapy with
and without drug malabsorption

The TSH levels and related outcomes on suppressive
therapy patients were reported in two of the included
studies. In the first study, Vita et al.?? assessed the correct
levothyroxine regimen between the liquid LT4
formulation and tablet LT4 to correct the drug intestinal
malabsorption induced by proton-pump inhibitors. The
results showed significantly lowered TSH levels equal to
or less than the specified levels on the oral solution than
the tablet LT4. Similarly, another study by Vita et al.”?°
assessing the superiority of the liquid LT4 versus tablet
LT4 in overcoming the co-ingestion interference induced
by drug malabsorption indicated significant serum TSH
reduction on the liquid LT4 suppression drugs than the
tablet LT4. The results implied that liquid LT4
effectively overcame the ingestion complications from
drug malabsorption. Cumulatively, for the subjects with
drug malabsorption, the thyroid stimulating hormones
appeared to be highly suppressed in patients receiving
liquid levothyroxine than those on tablet LT4. A meta-
analysis of the two studies inclusive of the 32 subjects
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showed higher suppression in the liquid than tablet
regimen, expressed as standard mean difference and 95%
Cls (SMD= -1.10, 95% CI= [-1.86, -0.34]; (p = 0.005).
There was no heterogeneity between the included studies
(Heterogeneity: Chi> = 0.13, df =1 (p = 0.72); I> = 0%).
These results are analyzed in Figure 3.

On the other hand, the TSH levels of the patients on the
LT4 suppressive therapy without any drug malabsorption
were also assessed. The main goal of the administration
of LT4 in DTC is usually to suppress the levels of TSH.
Hence, the study by Giusti et al.*> and Cappelli et al.!?
assessed the efficacy and tolerability of the liquid LT4
formulation against the previous tablet LT4 formulation.
Based on their findings, the liquid LT4 formulation
resulted in a significantly higher number of thyroid
cancer patients retaining required TSH levels implying
that liquid LT4 did not cause variability of TSH levels.
Hence, from a general point of view, patients on
suppressive therapy without drug malabsorption
exhibited an obvious TSH suppression with the tablet
levothyroxine than those on liquid levothyroxine. In the
meta-analysis of these two studies with a sample of 79
participants, the pooled results indicated a non-statistical
difference between the experimental and the control
group; (SMD= -0.24, 95% CI= [-0.68, 0.20], and the
overall effect being 1.07 (p = 0.29). However, there was

no heterogeneity between the included studies
(Heterogeneity: Chi2 = 0.23, df =1 (p = 0.63); 12 = 0%);
(Figure 4).

TSH levels: L-T4 patients on replacement
(normalization) therapy with and without drug
malabsorption

Nine studies with 306 participants reported information
on TSH normalization. '’ 18 20-22, 24,25

In patients with drug malabsorption, the TSH was
efficiently normalized in those who received liquid
levothyroxine hormone compared to those who received
tablet levothyroxine therapy. The pooled meta-analysis
showed a statistically significant difference between the
experimental group and the control group with the

standard mean difference and overall effect; (SMD= -
1.04 95% CI=[-1.64, -0.44]; Z = 3.41 (p = 0.0007). The
included studies also reported an obvious high
heterogeneity (Heterogeneity: Chi? = 28.66, df =7 (p =
0.0002); 12 =76%) (Figure 5).

For the patients without drug malabsorption, TSH levels
were remarkably improved in those who received tablet
levothyroxine therapy compared to those receiving liquid
levothyroxine.

The meta-analysis of the two included studies indicated
no statistically significant difference between the study
group and the control group (SMD= 0.59, 95% CI= [-
0.03, 1.20]; with the overall effect, Z = 1.88 (p = 0.06).
There was no heterogeneity among the studies
(Heterogeneity: Chi? = 0.10, df = 1 (p = 0.75); I* = 0%)
(Figure 6).

Ft3 (T3) and Ft4

Five included studies reported data on F-t3.!%1923:24 The
included studies reported no significant difference in the
serum Ft3 levels for the patients that received liquid
levothyroxine or tablet levothyroxine.

A meta-analysis was performed using the random effect
model, and the overall effect size was (SMD= -0.19, 95
% CI= [-0.43, 0.04]; (p = 0.11)). The was no
heterogeneity  between  the sources included
(Heterogeneity: Chi> = 1.27, df =4 (p = 0.87); I* = 0%).
The summarized results are shown in Figure 7.

Five more studies with a significant sample size of 279
patients provided data on serum Ft4 levels.'®!%2324 The
pooled analysis results performed through the random
effect model showed that there was no difference
between the liquid thyroxine hormone and the tablet
thyroxine hormone formulation (SMD = -0.00 95% CI=
[-0.24, 0.23]; (p = 0.99), with no heterogeneity between
the studies (Heterogeneity: Tau? = 0.00; Chi*=1.57, df =
4 (p =0.81); I = 0%) (Figure 8).

Levothyroxine (LT4) tablet monotherapy versus
combined regimens Sodium tablet LT4 vs. combined
LT4 plus iodine-131



Postoperative levothyroxine sodium in thyroid tumors patients
Eur J Transl Myol 33 (3) 11582, 2023 doi: 10.4081/ejtm.2023.11582

L-Thyroxine (L-T4) tablet combimed L-TAT3

Std. Mean Difference

Testfor overall efect Z= 1.49 (P = 0.14)
Testior subgroup differences: Chi*=11.08, df= 2 (F = 0.004), "= 81 9%
Risk of bigs legend
{A) Random sequence generation (selection bias)
(B} Allocation concealment (selaction bias)
(C) Blinding of participants and personnel (performance bias)
Blinding of outcoma assessmant (detecton bias)
mplete outcome data (attrition bias)
ciive reparting (reporting Bias)
bias

T4) vs. combined L-T4/T3.

Study or Subgroup Mizan 5D Total Mean S0 Total Weight IV, Random. 95% CI_Year IV, Random, 95% CI ABCDEFG
5.2.1 TSH levels

Clyde 2003 21 17 7 T o188 12 79% 0.06 053,065 2003 L1111
Vialsh 2003 15 02 49 31 02 61 TE%  -TO4FO08-6R1] 2003 - [11111]
Escobar-Moreale 2005 1.95 1.44 12109 133 14 78% 060 F0.19,1.39) 2005 -

Fadeyey 2010 24 a7 20 1.8 ER| 16 To4% 014 052, 0800 2010 T

Kaminsk 2016 01ed 3485 15 0638 a5 15 To% -0.06 078, 0.65] 2016 T

Subtatal (95% CI) 118 128 30.41% .40 [-3.63,0.83] -

Heterogeneity Taw® = B.30; Chi®= 18171, df= 4 (P = 0.00001), P = 98%

Tesifor overall effect Z=123(F=022)

5.2.2 FT4 levels

Clyde 2003 12 03 1 0B 02 2 Te% 154 [0.88,2.21] 2003 - (1111
Valsh 2003 156 02 49 114 02 61 59% 2085[1802 2369 2003 — 2088®
Escobar-Morreale 2005 0.7 34 12 1% a7 14 Ta% 0.9210.11,1.74] 2008 = Geeesee
Kamingk 2015 164 0.44 15 103 028 15 78% 161 [0.77, 245 2016 - L 1]

Subtotal (95% CI) 49 113 204% 5.75[2.14,9.36) -

Heterogeneity: Taw® = 12 88, Chi*= 17912, ¢f= 3 (P = 0.00001); P= 98%

Testfor overall effect Z= 312 (P = 0.002)

5.2IFT3 levels

Walsh 2003 37 ol 4 15 09 61 80% 1.99(1.52, 245 2003 -

Chyde 2003 ar 12 23 13§ 41 3 Ta% =156 [-2.23,-0.89) 2003 -

Escobar-Morreale 2005 81 15 12 58 18 14 TE% -0.46 |1.25, 032 2005 =

Kamingk 2016 1028 a0 15 8BS 447 15 7.9% 012059, 084 2016 T

Sublotal (95% CI) 49 M3 3.5% 003 [1.66,1.72] L 2

Heterogenedty Tau®= 2 B6; Chi®= 83.42, df= 3 (P < 0.00001); = 96%

Teestfor overall efect Z=0.04 (P =0.97)

Total (95% C1) 318 354 100.0% 1.01 [-0.32, 2.35] P

Heterogeneity: Tau® = 5.76; Chi*= 517 20, df= 12 (P = 0.00001); P= 98% 4 =+ 3 i %

Fig 10. Forest plot of comparison: 5 Sodium tablet LT4 vs. combined LT4 regimen, outcome: 5.2 L-Thyroxine (L-

Std. Mean Defferenos Risk of Bias

Favours [L-Thyrexne (L-T4)] Combined L-T4L-T3

Regarding the clinical safety and efficacy of
levothyroxine sodium tablets in improving levels, two
studies investigated the effect of sodium levothyroxine
tablet monotherapy compared with the levothyroxine
tablet combined iodine (131).'>1% Based on their findings,
the treatment regimen of sodium levothyroxine tablets
combined with iodine 131 effectively reduced the serum
Tg levels implying its effectiveness over levothyroxine
tablet monotherapy. Pooled-meta-analysis results
showed a statistically significant difference between LT4
tablet monotherapy and the combined regimen of L-T4
and iodine-131 (SMD= 3.61, 95% CI= [2.89, 4.33], p <
0.00001) (Figure 9).

Sodium tablet LT4 vs. combined L-T4/T3.

Sodium levothyroxine tablet monotherapy was also
evaluated for effectiveness compared to its combination
with liothyronine for its effects on improving serum
thyroid hormone levels and tumors for thyroid-tumor
patients. Among the included studies, Fadeyev et al.>°
observed that there were improved profiles on serum and
lipid profile levels (TSH, F4, F3) in the L-t4/T3
combined therapy compared with the L-T4 tablet
monotherapy. Similar observations were made by Walsh
et al.?” who noted that a combined treatment of LT4/LT3
was effective on symptoms of hypothyroidism. On the
contrary, three of the included studies evaluating the
efficacy of the combined formula of LT4/LT3
demonstrated otherwise. Based on their findings, the

combined therapy yielded no beneficial changes with
regard to serum lipid levels in TSH or T3 levels except
for free T4 levels that were lowered. With reference to
the above, the pooled meta-analysis of the included
studies was performed using a random effect model. The
meta-analysis results showed no statistical difference in
TSH between the tablet LT4 monotherapy and combined
L-T4/T3 (SMD=-1.40, 95% CI=[-3.63, 0.83]; p =0.22);
but no changes or difference in FT 3 levels (SMD= 0.03,
95% CI= [-1.66, 1.72]; p = 0.97). However, for serum
FT4 markers, the combined regimen was more effective
in improving the serum levels than the L-T4
monotherapy (SMD = 5.75, 95% CI= [2.14, 9.36]; p =
0.002) (Figure 10 and Figure 11).

Discussion

The present systematic review and meta-analysis aimed
to evaluate the safety and effectiveness of levothyroxine
sodium tablets in improving TSH levels and the
important markers, including Tg, fT3, and T4, in
patients with thyroid tumors. A total of 18 studies, six
randomized controlled studies, and 12 prospective
randomized comparative crossover design studies were
included in the present meta-analysis. Levothyroxine
drug therapy was evaluated on either liquid or tablet
formulation for its efficacy on suppression and
normalization effects on TSH and blood serum markers
for thyroid cancer patients with or without drug
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abnormalities. The study also compared the potential
outcomes for levothyroxine tablets with combined
levothyroxine regimens of either iodine-131 for serum
TSH and Tg or liothyronine for TSH, fT4, and fT3.
Thyroid cancer is among the most common endocrine
tumors, accounting for more than 2 percent of all
cancers.3! About 95 percent of thyroid cancer is the
follicular cell; hence, most thyroid cancer cases are DTC,
followed by papillary cancer.>* Differentiated thyroid
cancer can trap iodine and synthesize thyroglobulin,
marking the core of thyroid cancer management.’* In
addition, levothyroxine sodium (LT4) has always been
used to treat thyroid cancer patients. Most patients
usually attain normal blood serum levels of TSH and free
T4 during treatment. Over time, the prognosis of thyroid
cancer has changed well after treatment with
levothyroxine tablet monotherapy; however, recurrence
cases are still non-negligible. It is approximated that
between 5 to 10% of patients continue to report recurring
symptoms of hypothyroidism despite the fact that their
serum TSH concentration is maintained in the normal
required range.3

On the first count, the liquid levothyroxine
administration was more effective than tablet
levothyroxine for thyroid cancer patients on suppressive
or replacement therapy with drug malabsorption.

However, similar evaluation results for patients without
drug malabsorption depicted non-statistically different
results for liquid against tablet levothyroxine. In this
accord, the study deduced that liquid levothyroxine
therapy would be a more effective and safe treatment
alternative for patients with drug malabsorption to
improve thyroid stimulating hormones. The above study
findings are supported by previous literature that
identified that the liquid levothyroxine formulation
attributed better therapeutic outcomes for patients
subjected to concomitant multiple drug intake,3*** or
those with H. pylori infection. In affirmation, proponents
allude that the liquid levothyroxine pharmacokinetic
properties, which do not need dissolution in the stomach
at an acidic pH, unlike the tablet L-T4, is an advantage
for its efficacy.’¢® Notwithstanding, one of the included
studies reinstated that the liquid levothyroxine formula
was admissible even through the enteric nose tube
without worrying about an empty stomach.*
Furthermore, compared with combined therapy, the
findings of the present meta-analysis demonstrated that
sodium thyroxine, when combined with iodine -131was
more effective in improving serum TSH and serum Tg
levels than the levothyroxine therapy alone. Studies
previously highlighted that iodine-131 significantly
affects the treatment of thyroid cancer since it can
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improve the postoperative patient prognosis and further
prevent cancer metastasis and recurrence.’**’ Moreover,
since Tg produces an autoimmune antibody known as
TgAb, thyroid cancer with escalating TgAb levels would
attribute higher chances of recurrence; thus, the more the
TgAb serum concentration, the poorer the cancer
prognosis. Since TgAb is associated with Tg, Tg is thus
a crucial marker of thyroid cancer secreted by malignant
tumors.

Based on the findings, a significant reduction in Tg levels
was achieved, depicting that levothyroxine tablets
combined with iodine-131 effectively eradicated the
follicular cells, thereby inhibiting stimulation of TgAb.
The above is consistent with the previous findings,
further associated with no adverse effects for the
combined therapy.’® The current study presents some
notable limitations; hence, the interpretation of the
available result and evidence should be taken care of. For
instance, the study did not include large scholarly articles
that compared liquid levothyroxine and tablet
levothyroxine therapy and tablet levothyroxine versus
combination with other hormonal drugs. Instead, this
study included most studies with smaller and moderate
sample sizes, which could not efficiently attribute clear
representative results. Again, the included studies
presented variations in their exclusion and inclusion
criteria; hence, some studies' severity of thyroid cancer is
inconsistent. The tools in measuring the serum TSH, fT4,
and fT3 levels also varied among the included studies and
could have impacted the results obtained by each study.
Finally, the doses of L-T4 and LT3 also varied widely
among the included studies, which might have influenced
the overall results of each study. Taken together, liquid
levothyroxine was more effective than tablet
levothyroxine for thyroid cancer patients on suppressive
or replacement therapy with drug malabsorption.
However, for non-malabsorption patients, the liquid LT4
formulation resulted in a significantly higher number of
thyroid cancer patients retaining required TSH levels
implying that liquid LT4 did not cause variability of TSH
levels. In patients with drug malabsorption, the TSH was
efficiently normalized in those who received liquid
levothyroxine hormone compared to those who received
tablet levothyroxine therapy. Moreover, there was no
significant difference in the serum Ft3 levels for the
patients that received liquid levothyroxine or tablet
levothyroxine. On the findings on combined therapy,
sodium levothyroxine tablets combined with iodine 131
effectively reduced the serum thyroglobulin (Tg) levels,
implying its effectiveness over levothyroxine tablet
monotherapy. Finally, a combination of levothyroxine
tablets with liothyronine showed significantly positive
results on the serum and lipid profile levels (TSH, F4)
compared with the L-T4 tablet monotherapy.

Hence, this study concludes that levothyroxine tablet
monotherapy is less efficient than liquid levothyroxine
and/or levothyroxine combined therapy. This research
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recommends future research using larger randomized
controlled studies.

List of acronyms

RevMan - Review Manager

DTC - differentiated thyroid cancer
TSH - thyroid-stimulating hormone
LT4 - levothyroxine

Tg - thyroglobulin

I-131 - Todine-131

LT3 - liothyronine

PRISMA - Preferred Reporting Items for Systematic
Reviews and Meta-Analysis

TSH - thyroid stimulating hormone
T3 - triiodothyronine

FT3 - free triiodothyronine

FT4 - free thyroxine

SMD - standard mean difference
ClIs - confidence intervals
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Supplemental Table 1. Summary of Included Studies.

“Authors Setting & Targeted study population Treatment groups & regimen Sample size QOutcomes assessed

{vear) Country (m); (T/C)

Vita et TIraly Patients on L-T4 Liquid L-T4 11 Serumm  TSH  Thyroid
al, 2017 replacement or suppressive Vs. stimulating hormone
therapwv Tablet L-T4

Pirola et Italy Patients with total Liquid L-T4 (Group T)vs. tablet L- 20 (10/10) TSH, fT4 and T3
al 2014 thvroidectomy T4 (Group L)
(laryngeal cancer)

Fallahi et Italy hypothyroid patients Liquid L-T4 17 TSH. free T3 (FT3).
al. 2017 Vs. free T4 (FT4)
Tablet L-T4
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Endocrine thyroidectomized Liquid L-T4 166 (83/83) TSH, free T3 (FT3),
et Surgerv  Unit, patients Vs, free T4 (FT4)
al 2017  United States Tablet L-T4

Peroni et Italy Patients with congenital Liquid L-T4 T8 (36/36) Thyroid-stimulating
al, 2014 hvpothvroidism (CH) Vs. hormone (TSH) and
Tablet L-T4 free thyroxine (fT4) .

Developmental quotient

DQ)

Pang et China DTC patients who required levothyroxine sodium tablets 80 (4040 Serum Tg and (TSH)
al, 2022 thvroidectomy after surgery  vs. levothyroxine sodium treatment levels.
plus I 131
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