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Abstract - Purpose: Clinical studies have suggested that proton pump inhibitors may decrease levothyroxine
absorption and an in vitro study suggested that the effect of pH on dissolution may differ with formulation. To
determine the impact of formulation on the pharmacokinetics of levothyroxine in altered gastric pH conditions,
this study compared the pharmacokinetics of levothyroxine capsules and tablets, two formulations deemed
bioequivalent in healthy volunteers under fasting conditions, when taken with or without esomeprazole.
Methods: Two clinical studies were conducted in healthy volunteers given single dose levothyroxine (600 pg)
with a 45-day washout period. In Study 1 (parallel-design/two-way crossover), 16 subjects received either
levothyroxine capsules or tablets, each group with or without prior administration of intravenous esomeprazole
(maximum dose of 80 mg). In Study 2 (two-way crossover), 16 subjects received both capsules or tablets after
intravenous esomeprazole. Blood samples were collected pre-dose and up to 24 hours post-dose. Baseline-
adjusted pharmacokinetic parameters were calculated: Cmax (maximal concentration), Tiax (time to Cmax), AUCo
(area under the concentration-time curve from 0 to the last detectable concentration), AUCq. and AUC,y.1» (areas
under the curve from 0 to 6 and 12 hours, respectively). Analyses of variance were conducted to compare In-
transformed Cmax and AUC. Non-parametric Tmax analyses were done. Results: In Study 1, esomeprazole caused
a greater decrease in overall levothyroxine exposure of tablets vs. capsules (13% vs 6% for Cpax, 18% vs. 14%
for AUCos, 17% vs. 5% for AUCo.12 and 10% vs. 8% for AUCy,). In Study 2 esomeprazole administration
resulted in a 16% smaller levothyroxine exposure with tablets vs. capsules. No statistically significant
differences in Tmax were found. Conclusions: Although both formulations are considered “bioequivalent” in
healthy volunteers, they may not necessarily be bioequivalent in patients with impaired gastric pH conditions.
Levothyroxine capsules may therefore be more appropriate for patients with decreased gastric acidity.

This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page.

INTRODUCTION As reviewed in detail recently (5-7) the oral

absorption of levothyroxine can be impaired by
Levothyroxine (LT4) is a cornerstone in the endogenous and exogenous causes, the latter
treatment of hypothyroidism (1), a disorder that including food, coffee or drugs. Proton pump
affects 0.6 to 12 out of every 1000 women across inhibitors (PPI) by modifying gastric pH are known
Europe, Japan and the U.S. and every 1.3 to 4 out of to interfere with the absorption of several drugs
1000 men (2, 3). Levothyroxine supplements exist either by increasing or decreasing their
in various forms, ranging from oral solutions to bioavailability (e.g. antiretrovirals, ketoconazole,
tablets. More recently, a soft gelatin capsule iron salts, erlotinib, mycophenolate mofetil,
composed of an outer gelatin shell and a viscous fill digoxin) (8) and have also been shown to influence

has been developed by IBSA Institut Biochimique

SA and proved to be bioequivalent under fastin
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the absorption of levothyroxine. Centanni and
colleagues demonstrated that normal gastric acid
secretion plays a key role in the absorption of
thyroxine (9). In their study, euthyroid patients
suffering from nontoxic multinodular goiter who
were diagnosed with impaired gastric acid secretion
were compared to a cohort of nontoxic multinodular
goiter patients who did not have impaired gastric
secretion. Results showed that patients with
impaired gastric acid secretion required a higher
dose of levothyroxine in order to achieve similar
suppression of thyrotropin (thyroid stimulating
hormone or TSH). Similar results were seen in a
subset of 10 patients who were treated with
omeprazole. In the presence of omeprazole, the
levothyroxine dose had to be increased by
approximately 37% in order to achieve thyrotropin
levels similar to those attained in the absence of
omeprazole. Sachmechi et al also showed that
chronic use of PPIs (in their case lansoprazole) in
hypothyroid patients resulted in statistically
significant changes in thyrotropin levels which
could necessitate adjustments in levothyroxine
dosage (10). The drug interaction between PPIs and
LT4 has also been recently reported by two
epidemiological studies (11, 12).

The influence of pH on the in vitro dissolution
profile of three different formulations of
levothyroxine was investigated by Pabla and
colleagues (13). They studied the dissolution
profiles of two levothyroxine sodium tablets
(Synthroid® manufactured by Abbott Laboratories,
USA, and a generic product made by Sandoz Inc.,
USA) as well as a soft gelatin capsule (Tirosint®
manufactured by IBSA Institut Biochimique,
Switzerland). In general, an increase in pH was
associated with a decrease in dissolution. When pH
was varied from 1.2 to 8.0, the percentage of
levothyroxine that was dissolved varied drastically
for Synthroid® while it remained more consistent
for Tirosint®. In addition, the percentages of drug
that had dissolved at 30, 60 and 120 minutes were
different between the three formulations at
increasing pHs. Overall, Tirosint® showed the
highest dissolution compared to the other two
formulations.

In light of the published clinical data indicating
decreased levothyroxine absorption caused by PPlIs,
as well as in vitro results suggesting that the
magnitude of the influence of pH on levothyroxine
dissolution is formulation-dependent, the current
studies were undertaken to determine the clinical

impact of gastric pH after esomeprazole
administration on the pharmacokinetics of two
immediate-release levothyroxine formulations that
have been shown to be bioequivalent in healthy
volunteers, the soft gelatin Tirosint® capsule and
the Synthroid® tablet.

METHODS

Study Designs

Data from two separate studies are presented and
their designs are highlighted in Table 1. The first
one was designed to compare the pharmacokinetics
of two formulations of levothyroxine (capsules and
tablets) when administered under normal conditions
and after the administration of a maximum of 80 mg
esomeprazole infused intravenously over 30
minutes. Subjects received either the test (capsules)
or reference formulation (tablets) in a parallel group
design (8 subjects per group). They were
randomized to receive their assigned formulation
with or without esomeprazole in Period 1, followed
by a 45-day washout period after which
levothyroxine was administered in Period 2 under
the other conditions (with or  without
esomeprazole), in a two-way cross-over design. In
the second study, the pharmacokinetic properties of
the two previously tested formulations of
levothyroxine (capsules and tablets) were compared
head to head after the administration of 80 mg
esomeprazole infused intravenously over 30
minutes. Subjects received both test and reference
formulations according to a crossover design, in
which treatment administration was separated by a
washout period of at least 45 days.

Population
Both studies enrolled 16 healthy male volunteers
between the ages of 18 and 50 inclusively. Subjects
had to weigh between 70 and 80 kg inclusively,
with a body mass index between 18.5 and 30 kg/m?
inclusively.

A total of 14 subjects from Study 1 and 15
subjects from Study 2 were evaluated. In Study 1,
all men were Caucasian while in Study 2, one man
(6.7%) was of other ethnicity (Black or African-
American). Other demographic traits are
summarized in Table 2, and they did not differ
between groups.

Exclusion criteria included history or presence
of significant diseases, history of drug, alcohol or
tobacco abuse, unbalanced diet, and
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hypersensitivity or allergic reactions to the
formulations  ingredients or  esomeprazole.
Medications, including over the counter drugs, and
in particular antacid agents, were not allowed from
2 weeks before screening until the end of the study.
Subjects were not enrolled if they had participated
in other clinical trials or donated blood in the past 3
months. Presence of Helicobacter pylori was
excluded at study entry by breath test.

Ethics

The study protocols and associated documents were
approved by the Ethics Committee of Canton

Table 1. Study Features

Ticino, Switzerland. All subjects were able to
comprehend the nature of the investigation and
comply with study requirements and they signed
informed consent forms prior to undergoing any
study-related procedures. The studies were
conducted in accordance with the principles
described in the Declaration of Helsinki, as well as
in the ICH Harmonised Tripartite Guidelines for
Good Clinical Practice.

Feature Study 1 Study 2

Design Single-dose, open-label, randomized, two- Single-dose, open-label, randomized, two-part,
part, parallel-group two-way crossover study

Population Healthy males Healthy males

Part I Evaluation of the variation in gastric pH of Evaluation of the variation in gastric pH of
healthy volunteers following esomeprazole healthy volunteers following esomeprazole
infusion at a maximum dose of 80 mg in 30 infusion at a maximum dose of 80 mg in 30
minutes minutes

Part I1 Investigation of the pharmacokinetics of Comparison of the pharmacokinetics of
levothyroxine under fasting conditions in a levothyroxine of two different products
condition of altered pH with respect to administered under fasting conditions and
normal gastric pH increased gastric pH

Treatments Subjects received either test or reference Subjects received both test and reference
product products

Test Product

Reference Product

Tirosint® levothyroxine sodium 150 pg
capsules (IBSA Institute Biochimique SA,
Switzerland) under fasting conditions with or
without prior IV infusion of esomeprazole
maximum 80 mg over 30 minutes

Synthroid® levothyroxine sodium 150 pg
tablets (Abbott Laboratories, USA) under
fasting conditions with or without prior IV
infusion of esomeprazole maximum 80 mg
over 30 minutes

Tirosint® levothyroxine sodium 150 pg
capsules (IBSA Institute Biochimique SA,
Switzerland) under fasting conditions with prior
IV infusion of esomeprazole maximum 80 mg
over 30 minutes

Synthroid® levothyroxine sodium 150 pg
tablets (Abbott Laboratories, USA) under fasting
conditions with prior IV infusion of
esomeprazole maximum 80 mg over 30 minutes

Table 2. Subject Demographics

Study Formulation Mean + SD (CV%)
Number (sample) Age (years) Height (cm) Weight (kg) BMI (kg/m?)
1 Capsule 33.2+6.8(20.5%) 177.5+ 8.4 (4.7%) 74.6 + 3.4 (4.5%) 23.8 +£2.3(9.7%)
(n=6)
1 Tablet 37.1+£92(24.7%) 175.6+5.5(3.1%) 74.2£2.9 (3.9%) 24.1 +£2.0(8.30%)
(n=8)
2 Tablet & 30.8+ 6.7 (21.8%) 177.7+6.0 (3.4%) 75.1 £3.4 (4.5%) 23.8 £ 1.8 (7.5%)

Capsule (n=15)
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Treatments

In both studies the reference formulation was 150
pg levothyroxine sodium tablets (Synthroid®;
Abbott Laboratories, USA) and the test formulation
was 150 pg levothyroxine sodium capsules
(Tirosint®; IBSA Institut Biochimique SA,
Switzerland). Although one is a tablet and the other
one a capsule, both of these immediate-release
formulations of LT4 have already been proven to be
bioequivalent under fasting conditions in healthy
volunteers. Single doses of 600 pg of levothyroxine
were administered in both studies. Esomeprazole
was administered intravenously over a maximum of
30 minutes and at a maximum dose of 80 mg. The
intravenous treatment was selected in order to avoid
any possible interference either endogenously or
exogenously in the absorption of the PPI and obtain
the greatest standardization, the only variation
introduced being an acute change in the intragastric
pH. With an “acute design” (that is, an acute
increase in intragastric pH), as opposed to a
“chronic design” (that is, administration of a PPI for
weeks), any clinically unapparent condition
occurring over these weeks that could have affected
results was avoided.

Study Procedures

At screening, which occurred between 2 to 14 days
prior to the start of the study, subjects signed their
informed consent forms. Eligibility was assessed
based on medical history, physical examination,
body weight, vital signs, electrocardiograms,
laboratory results, thyroid function tests and
Helicobacter pylori breath test.

During Part I of the studies, a nasogastric tube
was inserted in each subject for the recording of the
gastric pH. Subjects with a mean baseline pH>2 in
the first hour (baseline) were excluded. At 8.00 a.m.
+ 1 h, subjects were infused the esomeprazole
solution over 30 minutes for a maximum dose of 80
mg. The pH was recorded for until 2 (Study 2) or 3
(Study 1) hours after the end of infusion. The
nasogastric tube was then removed, and subjects
left the clinical centre. Subjects who were deemed
responders to esomeprazole were to be selected to
continue the study with Part II. In Study 1,
responders were those who had a pH > 4 within 30
min of esomeprazole infusion at which time the
infusion was stopped. In Study 2, subjects having a
mean pH > 5 during the 2 hours after the end of
esomeprazole infusion were selected as responders.

In Part II of the studies, subjects were
randomized to receive their treatments in Period 1
and Period 2, by means of a computer-generated
randomization list. ~ Periods were separated by a
washout of 45 days. In Part II of Study 1, subjects
allocated to receive the capsule treatment were
administered an average dose of 75 mg of
esomeprazole, while the average dose in the tablet
group was 70 mg. In Study 2, all subjects received
80 mg esomeprazole.

On Day -1 of Periods 1 and 2, nasogastric tubes
were inserted into subjects for pH recordings which
continued until 5 hours after the administration of
the investigational products. Blood samples for PK
analyses were collected at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6,
8, 10, 12, 18 and 24 hours post-dose. In addition,
samples were collected prior to dosing to determine
baseline levothyroxine levels. When esomeprazole
was being administered, samples were collected
before esomeprazole infusion, during the infusion
(immediately after the start of the infusion for Study
1 and 15 minutes after the start of infusion for
Study 2) and 3 minutes before levothyroxine
dosing. In the absence of esomeprazole, samples
were collected at 30, 15 and 3 minutes before
levothyroxine dosing for endogenous baseline
characterization. Vital signs were assessed at the
following times: immediately before esomeprazole
infusion, before levothyroxine dosing in Study 1 (3
minutes pre-dose if esomeprazole was administered
and 30 minutes pre-dose in the absence of
esomeprazole), and 6, 12 and 24 hours post-dose.

On Day 2 of Period 2 after the last blood
sampling, the volunteers underwent a final wvisit,
including a complete physical examination, ECG
recording and the same clinical laboratory tests
performed at screening, with the exception of
thyroid function tests, virology and drug screening.

Adverse events and overall wellbeing were
monitored throughout the conduct of the study.

Bioanalytical Assays

For Study 1, levothyroxine concentrations in serum
were determined at PharmaNet, Canada, using both
a validated radioimmunoassay (RIA), with a lower
quantification limit (LQL) of 1.001 pg/dL, and a
validated LC-MS/MS method, with a LQL of 0.252
ug/dL. Because both methods in Study 1 provided
similar results only those obtained with the LC-
MS/MS method are presented here. For Study 2,
concentrations of levothyroxine in serum were
determined at PharmaNet, Canada, using a
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validated LC/MS-MS method with an LQL of 2.5
png/dL.

Statistical and Pharmacokinetic Analyses
Baseline-adjusted pharmacokinetic parameters for
levothyroxine that were calculated included: Cpax
(maximum serum concentration), Tmax (time to
achieve Cmax), AUCy.¢ (Area under the concentration
curve from administration to the last observed
concentration time t, calculated with the linear
trapezoidal method), AUCo.s (Area under the
concentration curve from administration to 6 hours,
calculated with the linear trapezoidal method),
AUCq.12 (Area under the concentration curve from
administration to 12 hours, calculated with the
linear trapezoidal method) and Fr (relative
bioavailability calculated as ratio AUCy. (with
infusion)/ AUCy. (without infusion) in Study 1 and
as the ratio AUCy. test/ AUCy. reference in Study
2).

PK parameters were calculated using baseline
adjusted concentrations. For each subject, a baseline
value was calculated as the arithmetic mean of all
their pre-dose concentration values. Each subject’s
baseline value was subtracted from each post-dose
concentration prior to calculation of PK parameters.
Negative baseline-adjusted concentration values
were treated as zero.

Analyses of variance (ANOVA) for a crossover
design were performed on In-transformed PK
parameters Cmax and AUCs. For the comparisons
(formulation + esomeprazole vs. formulation alone
in Study 1, tablet + esomeprazole vs. capsule +
esomeprazole in Study 2), period, treatment,
sequence and subject within sequence were taken
into account as sources of variability. Ratios of least
square geometric means and their 90% confidence
intervals (Cls) were determined from the ANOVA.
Equivalence (P<0.05) would be indicated if the
whole 90% confidence interval fell within 80.00
and 125.00, while a difference (P<0.1) would be
suggested if the 90% confidence interval did not
include the 100% value. Tmax values were compared
using the non-parametric Friedman or Kruskal-
Wallis test.

Statistical and pharmacokinetic analyses were
performed using SAS® version 9.1.3 service pack 4

for Windows, Bear version 2.5.3 (14) and
WinNonlin version 5.2 and 6.3, Pharsight
Corporation.

RESULTS

Gastric pH measured before and after
administration of esomeprazole is displayed in
Table 3. In Study 1, regardless of which

levothyroxine formulation was given, in the absence
of PPI infusion, the intragastric pH was stable in its
acidity, ranging from approximately 1.0 to 2.0.
Within the first five hours of the esomeprazole
infusion, the intragastric pH raised significantly
between approximately 5.4 and 6.2. In study 2, the
intragastric pH was approximately 1.5 before
infusion and it raised to approximately 6.5 within
the first five hours following the start of the
esomeprazole infusion.

Following the administration of levothyroxine
at normal gastric pH, mean peak levels of
approximately 5.6 pg/dL were reached by around
2.6 hours. When gastric pH was increased, maximal
concentrations were decreased and were attained at
around 3.5 hours. Mean Dbaseline-adjusted
concentration-time  levothyroxine profiles are
presented for each of the treatments tested in
Figures 1 to 3 and summary statistics for
pharmacokinetic parameters are presented in Table
4. Relative bioavailability parameters are presented
in Table 5 while results from the ANOVA are
presented in Table 6.

Study 1 data suggested that prior administration
of esomeprazole, and therefore the increase of
gastric pH, was associated with an apparent
decrease in levothyroxine exposure (both rate of
exposure as represented by Cmax and extent of
exposure as represented by AUC). This effect was
particularly evident with the tablet group where the
upper limits of the 90% confidence intervals
calculated for Cpax, AUCo.6 and AUCy.12» were below
100% and the one calculated for AUCo: only
slightly above (100.81). These results therefore
suggested that for the tablet, esomeprazole was
associated with a statistically significant decrease in
exposure (P<0.1). The mean Cnax of levothyroxine
appeared to decrease on average by 6% for the
capsules (P=NS), and by approximately 13% for the
tablets when esomeprazole was co-administered
(P<0.1). A similar trend was noted for the overall
and partial exposures, where the decrease caused by
esomeprazole on AUCy.; and AUCy.¢ appeared to be
slightly greater with the tablet (10 and 18%) than
with the capsule (8 and 14%), and was only
statistically decreased for the tablet (P<0.1).
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Table 3. Gastric pH Levels Before and After Esomeprazole Administration

Mean = SD (CV%)
Study 1 Study 1 Study 1 Study 1 Study 2 Study 2
Assessment Period Tablet Tablet + Capsule Capsule + Tablet + Capsule +
(n=8) esomeprazole (n=6) esomeprazole esomeprazole esomeprazole
(n=8) (n=6) (n=15) (n=15)
Before infusion - 1.74 £ 1.42 - 1.95+1.52 1.3+£1.1 1.6+1.2
(81.7%) (77.7%) (84.6%) (75.0%)
0-2 h after levothyroxine 0.99 + 6.19 £1.05 211« 5.76 £ 1.60 6.4+0.9 6.6+1.0
administration 0.81 (17.0%) 1.50 (27.8%) (14.1%) (15.2%)
(82.2%) (71.0%)
0-5 h after levothyroxine 1.09 + 5.63+1.37 2.10+ 543 +1.41 6.0£1.0 63+1.2
administration 0.99 (24.3%) 1.74 (26.0%) (16.7%) (19.0%)
(90.9%) (82.8%)
Table 6. Ratios and 90% Confidence Intervals for Comparisons of Interest
Study Comparison PK Parameter Ratio 90% CI
1 Capsule + esomeprazole Cmax (ug/dL) 94.28% 73.36% — 121.16%
Vs AUC (ug*h/dL) 86.38% 70.87% — 105.28%
Capsule alone AUCo.1; (ng*h/dL) 94.91% 76.55% - 117.67%
AUCo (ug*h/dL)* 92.18% 71.21% —119.34%
1 Tablet + esomeprazole Cmax (ug/dL) 87.32% 79.63% — 95.76%
Vs AUCo.6 (ug*h/dL) 82.26% 70.15% — 96.45%
Tablet alone AUCo.12 (Ug*h/dL) 83.22% 72.85% - 95.06%
AUCq. (ug*h/dL)* 89.61% 79.65% —100.81%
2 Tablet + esomeprazole Cmax (pg/dL) 83.81% 72.27% - 97.19%
Vs AUCo6 (ug*h/dL) 84.04% 71.71% - 98.49%
Capsule + esomeprazole AUCo12 (ug*h/dL) 85.17% 73.48% - 98.72%
AUCo. (ug*h/dL)* 84.38% 70.87% — 100.47%

Note: Results in bold suggest statistically significant difference at P<0.1
"The last detectable concentration for all subjects was measured at 24 hours post-dose.

For all subjects, a rise in serum concentrations of
levothyroxine was noted between 12 and 24 hours
post-dose, an observation hypothesized to result
from endogenous levothyroxine being secreted
again more than 12 hours after the single dose
administration of 600 mcg. Because of the potential
for this feedback to affect the results, the baseline
adjusted AUC was calculated from time zero to 12
hours. For this partial AUC, the decrease associated
with the tablet was approximately 17% in the
esomeprazole group while it was only around 5%
for the capsule.

The apparent differences in exposure associated
with each formulation are also reflected in the
relative bioavailability estimates as that of the
capsule formulation (in the presence of
esomeprazole compared to administration without

the PPI) was approximately 98% while it was
approximately 91% for the tablet formulation.
Under conditions of increased gastric pH (after
esomeprazole administration), exposure from the
tablet formulation appears to be generally less than
that of the capsule formulation. The comparison
performed in Study 2 demonstrated that
levothyroxine peak exposure with the tablet is 16%
smaller than with the capsule after esomeprazole
administration. In Study 2, 90% confidence
intervals for all the maximum (Cmax) and partial
exposure (AUCyps, AUCy.12) PK parameters were
outside the generally accepted interval of 80 to
125% and did not contain 100%, suggesting a
statistical difference at p<0.1. At all time points
between 1 and 24 h, mean serum levothyroxine
values were higher for the capsules than for the
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Figure 1. Mean baseline-adjusted levothyroxine concentration time profile for capsule formulation in Study 1 (crossover
comparison).
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Figure 2. Mean baseline-adjusted levothyroxine concentration time profile for tablet formulation in Study 1 (crossover

comparison).

—0— Capsule + Esomeprazole (n=15)
—a&— Tablet + Esomeprazole (n=15)

|

1 | 1 | . ]

Baseline-adjusted levothyroxine concentration (pg/dL)

esomeprazole in Study 2 (crossover comparison).

tablets and perfect parallelism between the two
concentration-time curves appeared to exist from 4
h on, suggesting that the biggest difference between
the tablet and the capsule occurred during the first 4
hours after levothyroxine and concomitant
esomeprazole administrations. In Study 1, Tmax
values were not significantly affected by
esomeprazole co-administration for both capsules
and tablets (p=NS). In Study 2, where a crossover
design was wused, a trend toward statistical
significance (P=0.05) was seen with an apparent
faster absorption with the capsule (Tmax=3h) than
with the tablet (Tmax=4h).

DISCUSSION
Study 1 was designed to investigate the
pharmacokinetics and the bioavailability of

levothyroxine after the administration of two
different products to healthy male volunteers under
fasting conditions and in a condition of altered pH
with respect to normal gastric pH. Because the
findings from this study demonstrated that gastric

12

16 20 24

Time (h)

Figure 3. Mean baseline-adjusted levothyroxine concentration time profile for capsule and tablet formulations with

pH influenced levothyroxine absorption, Study 2
was conducted to further quantify the potential
differences between the absorption of tablet and soft
gel capsule formulations of levothyroxine under
modified gastric pH conditions. In the first study,
different cohorts received the tablets and soft gel
capsules, therefore it was more difficult to directly
compare the results of each formulation under
modified gastric pH conditions. Thus, a crossover
design was used in Study 2 to ensure that any
differences noted between treatments could truly be
attributed to differences in formulations as opposed
to differences between subjects.

To the best of our knowledge, the studies
described herein are the first published accounts
comparing the in vivo influence of increased gastric
acid pH induced by esomeprazole on the
pharmacokinetics of two immediate-release
formulations of levothyroxine that have been
previously shown to be bioequivalent under fasting
conditions. The findings of our analyses confirm the
in vitro dissolution results established by Pabla and
colleagues (13), who suggested that levothyroxine
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soft gel capsules may be less sensitive to the
influence of pH increases than tablets. Although
both levothyroxine capsules and tablets were
associated with a potential decrease in exposure in
the presence of increased gastric pH, the magnitude
of the decrease appeared larger and was only
statistically significant for the tablet formulation.
When esomeprazole was administered prior to
levothyroxine, the overall relative bioavailability of
the capsule formulation appeared to be relatively
unchanged (~2% decrease) while it appeared to
decrease slightly by 9% for the tablet.

The  decreased levothyroxine  exposure
associated with increased gastric pH that was noted
in our analyses for the tablet was similar to
decreases reported by others in healthy volunteers.
Dietrich et al. studied the influence of 40 mg daily
oral pantoprazole (given for 1 week) on the
pharmacokinetics of levothyroxine (Euthyrox®,
Merck KgaA, Darmstadt, Germany) in a group of
20 healthy euthyroid volunteers composed of 11
females and 9 males (15). Blood samples were
collected over 10 hours post-dose and PK
parameters such as Cnx and AUCy. were
determined for TSH, T4 and free thyroxine
equivalents. Similarly to our results, T4 exposure
decreased when pantoprazole was used prior to
levothyroxine administration. The Cpnax of T4
decreased in the presence of pantoprazole, by
approximately 21% (p=0.02). These results are in
agreement with our findings of apparent decreased
levothyroxine exposure in the presence of a PPI. On
the other hand, another study evaluating the effect
of esomeprazole on the pharmacokinetics of
levothyroxine tablets (Synthroid®) in healthy
volunteers (in 4 men and 6 women) did not show or
suggest a decrease in either unadjusted or baseline-
corrected Cmax or AUCog (16). In that particular
study, 40 mg esomeprazole was administered daily
for 1 week prior to the administration of 600 pg of
levothyroxine tablets. Mean estimates for Cpax and
AUC were similar regardless of the administration
of esomeprazole. It is apparent from our study that
the effect of the PPI on levothyroxine tablets is
much more pronounced in the first two hours after
dosing, but in the study with the negative results the
profiles were created with only 5 samples, with the
first post dose sample taken at 2 hours, so it is
possible that the effect was missed.

The interaction between PPIs and levothyroxine
was also documented clinically in hypothyroid
patient populations (9, 10), by measuring changes in

TSH levels. All studies demonstrate a similar trend
with respect to the influence of PPIs on
levothyroxine. The increase in gastric pH associated
with PPIs leads to decreased exposure of
levothyroxine, as shown by our findings, which in
turn modulates the feedback loop that maintains T4
homeostasis, leading to increased levels of TSH as
demonstrated by Centanni and Sachmechi (9, 10).

The sample size associated with this analysis
was relatively small, nevertheless the findings
described herein contribute to our knowledge on
levothyroxine absorption. The potentially greater
exposure of levothyroxine capsules compared to
levothyroxine tablets under conditions of increased
gastric pH induced by esomeprazole could prove to
be beneficial for patients. In theory, hypothyroid
patients treated with levothyroxine capsules, rather
than tablets, may experience smaller variations in
hormone levels if they experienced impaired
secretion of gastric acid or took medication that
modified gastric pH. These conditions may be
transitory during the life of the patient and may
therefore lead to fluctuations of TSH and to
transitory undertreatment. In a published case
report, a hypothyroid woman who was taking
proton pump inhibitors and who failed to be
normalized by levothyroxine administered in the
form of a tablet was instead normalized when
switched to the capsule (17). A recent study
conducted in patients with impaired gastric acid
secretion, demonstrated that lower doses of
levothyroxine were required to maintain the
therapeutic goal when administered in the capsule
formulation with respect to a tablet (18).

In addition, this study provides a clinical
situation for which proving therapeutic equivalence
or PK equivalence in healthy volunteers may not
translate to PK equivalence in patients, more
particularly those with impaired gastric pH, and is
an additional proof of the interaction of PPIs on
drug absorption. A study conducted in rats who
were administered meloxicam also suggests that
formulations that are deemed bioequivalent under
healthy conditions might not be bioequivalent in
disease conditions, such as pain or its associated
trauma (19). Rats were administered two different
oral formulations of meloxicam (brand and fast
dissolving) and in one cohort, intraperitoneal
propantheline was used to suppress the vagus nerve
and decrease gastric fluid secretion and motility. In
the control group, the two formulations of
meloxicam were deemed equivalent in terms of rate
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and extent of exposure (Cmax and AUCy.24), while
in the vagally suppressed rats, equivalence could
not be concluded because absorption of the brand
product was decreased by more than 50% compared
to the healthy state. Although these results were
obtained in rats, meloxicam appears to have similar
pharmacokinetics in rats and in humans, therefore
these findings could be extrapolated to humans,
suggesting that bioequivalence may be disease-
dependent.

CONCLUSION

Levothyroxine appears to have a decreased
exposure when gastric pH is modified by i.v.
administration of esomeprazole, but the decrease
appears to be less important or null for the capsules
compared to the tablets, even though these two
immediate-release formulations have previously
been shown to be bioequivalent in healthy
volunteers under fasting conditions. The current in
vivo results obtained in healthy subjects appear to
confirm previously published in vitro findings, and
are also similar to clinical observations made in
hypothyroid patients. Levothyroxine maximum and
partial exposure from soft gel capsules appear to be
less affected by decreased gastric pH than a
commercialized tablet reference formulation, and
may therefore be a more advantageous formulation
for some patients who suffer from malabsorption
problems related to decreased gastric acidity. In
addition, the current study provides an example of
two immediate-release formulations, a capsule and
a tablet, that have been demonstrated to be
bioequivalent under fasting conditions in healthy
volunteers but that may not necessarily be
bioequivalent in patient populations with impaired
gastric acidity.
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Table 4. Summary Statistics of Pharmacokinetic Parameters

PK Normal gastric pH - Study 1 With Esomeprazole - Study 1 With Esomeprazole - Study 2
Parameter
Mean = SD Capsule (n=6) Tablet (n=8) Capsule (n=6) Tablet (n=8) Tablet Capsule (n=15)
(CV%)
Cmax 5.68 £2.07 (36.4) 554+£1.16 (21.0%)  5.53+1.81(32.8%) 4.82+0.94 (19.5%) 3.75+£0.663 (17.7%) 4.63£1.48 (31.9%)
(png/dL) -0.15 [F2.6%] -0.72 [F13.0%] -0.88 [-19.0%)]
Tmax* 2.50 (1.50 — 4.00) 2.75 (1.50 — 6.00) 3.00 (1.50 — 6.00) 3.50 (1.50 - 8.00) +0.75 4.00 (2.00 — 6.00) 3.00 (1.50 — 6.00)
(h) +0.5 [+20%] [+27%] +1.0 /+33.3%]
AUC.' 78.9 £ 158 (20.1%) 86.7+16.2 (18.7%)  74.4+14.2 (19.1%) 77.6 £13.6 (17.5%) 57.9+14.6 (252%)  69.1 £19.1 (27.6%)
(ng*h/dL) -4.5 [-5.7%] -9.1 [F10.5%] -11.2 [F16.2%]
AUCo.12 43.2+10.1 (23.4%) 49.0+10.2 (20.8%) 41.7+7.61 (18.2%) 40.6 + 7.32 (18.0%) 32.3+7.01 21.7%)  38.6 £ 10.4 (26.9%)
(ng*h/dL) -15.0 [3.5%] -84.0 [17.1%] -6.30 [-16.3%]
AUCy.6 22.7+5.8(25.8%) 24.9+5.9 (23.6%) 20.6 £5.5 (26.7%) 20.2£3.5(17.5%) 15.8£3.1 (19.7%) 19.5+6.2 (32.1%)
(ng*h/dL) -2.1 [-9.3%] -4.7 [F18.9%] -3.7 [-19.0%]
*Median (range)

TThe last detectable concentration for all subjects was measured at 24 hours post-dose.
Note: Values in italics represent the absolute difference of mean (median for Tmax) [percentage relative difference] between the values associated with the
concomitant use of esomeprazole and the values under normal pH conditions (for Study 1) and for the difference between the tablet and the capsule (Study 2).

Table 5. Relative Bioavailability Parameters

Capsule + esomeprazole vs. Tablet + esomeprazole vs. Tablet + esomeprazole vs.
Statistic Capsule alone Tablet alone Capsule + esomeprazole
(Study 1) (Study 1) (Study 2)
N 6 8 15
Arithmetic Mean 97.51 91.01 90.02
Standard Deviation +29.45 +16.93 +32.90
CV% 30.21 18.60 36.5

Note: For Study 1, relative bioavailability was calculated as the ratio of AUCy. when levothyroxine was given with esomeprazole relative to AUCy.. when
levothyroxine was given without esomeprazole. For Study 2, relative bioavailability was calculated as the ratio of AUC. for the tablet (with esomeprazole) over
AUC, for the capsule (with esomeprazole).
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