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Executive Summary

in March 2004 GlaxoSmithKline (GSK) submitted a New Medicines Application to the New
Zealand Medicines and Medical Devices Safety Authority (Medsafe) in support of a new
formulation for Eltroxin® 50 mcg and 100 mcg Tablets {NZ “New Eltroxin”) to replace the
existing product (NZ “Old Eltroxin”). The application was approved and the product was
launched in June 2007. Subsequently, the Centre for Adverse Reactions Monitoring (CARM)
received an increase in adverse reaction reports associated with the new formulation.

The New Zealand Ministry of Health has commissioned the UK Medicines and Heaithcare
products Regulatory Agency (MHRA) to provide an independent expert opinion on whether
Medsafe applied appropriate regulatory standards when handling the application seeking
approval for the new formulation of Eltroxin, and subsequently reacted appropriately to the
large volume of adverse events relating to the reformulated product.

This Expert Review contains an evaluation of Medsafe’s pre-licensing assessment of the
quality and bioequivalence data that were submitted with the New Medicines Application for
NZ New Eltroxin and an evaiuation of the pharmacovigilance activities. Suggestions are
included on future investigations for NZ New Eltroxin and measures that could be taken to
reduce the possibility of this situation occurring in the future when patients are transferred to a
new brand or a new formulation of a prescription medicine.

Quality

Adverse event reports were received soon after launch ~ a total of 39 between October 2007
and May 2008 with significant increases following media attention to 1309 reports between
June 2008 and October 2008. Given the timing of the reports, soon after product launch, the
adverse events are unlikely to be caused by loss of potency arising from stability issues. This
is supported by the stability data for the NZ New Eltroxin formuiation which showed
satisfactory assay and related substances levels in stability studies with no significant trends
on storage.

Medsafe's assessment of the quality dossier is considered appropriate at the time of approval.
Some suggestions for future investigations have been put forward in the light of this review
following subsequently reported adverse events, as summarised below.

The reported adverse events are unlikely to be attributed to any variability in the active
substance since a single supplier (Sandoz GmbH) has been used to manufacture all Eltroxin
products marketed in New Zealand. Medsafe may wish to confirm which grade of
levothyroxine is actually employed and what measures are taken to ensure particle size is
adequately controlled on receipt and storage.

The change in formulation excipients coupled with the new“ manufacturing
process for NZ New Eltroxin, whilst justifiable from a stability perspective, may have been a
contributory factor for the adverse effects. However, no firm conclusion can be drawn.
Differences between dissolution profiles of NZ New Eltroxin and the reference formulation

NZ 81 Eltroxin {European Eltroxin) at higher pHs (indicative of the fed state} may merit
investigation.

The Finished Product Specification of NZ New Eltroxin is satisfactory and complies with
standards in place at the time of assessment. Medsafe may wish to review the potency limits
in light of recent regulatory action taken by the FDA to tighten potency limits.

Other considerations

NZ New Eltroxin Marketed in Europe: According to the reports provided by Medsafe, the
NZ New Eltroxin formulation has been approved in both Germany and Denmark. A review of
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the assessment reports of the respective countries may provide additignal information to
assist Medsafe in their investigation,

GMPF Inspection: It is unclear if the adverse effects are related to specific batches of the
product. If this is the case, there may be undertying quality concerns with respect to GMF and
Medsafe may wish to request the applicant to investigate these.

Bioequivalence

A single fasted biostudy, the design of which was consistent with contemporaneous FDA
guidelines, was submitted to support the change in Eltroxin formulation {to NZ New Eltroxin)
and demonstrated bioequivalence between formulations. Fed biostudy data were not provided
nor advocated by FDA guidelines. However, in vitro data suggest that a fed study may have
been most sensitive to detect product differences.

Contrary to FDA guidelines no dose-proportionality data were submitted (approval was sought
for two dose strengths, 50 and 100 mcg} although in vitro data supported a waiver of the
requirement for such data. Conversely dose-range scale differences between the NZ New
Eitroxin and NZ Old Eltroxin suggest that clinical evaluation of the 50 meg dose may have
been prudent although a dose-proportionality study designed in accordance with FDA
guidelines would have been uniikely to preclude approval of the new formulation.

Finally use of the European Eltroxin formulation as reference product in the biostudy is
considered questionable given that in the event of product approval patients would be
switching between NZ Old Eltroxin and NZ New Elfroxin formulations. However, the difficulties
faced by Medsafe in ensuring continued drug supply from the country’s single levothyroxine
supplier in 2005/6 are recognised.

in conclusion Medsafe’s clinical risk:benefit assessment of reformulated NZ New Eltroxin in
2005/6 is considered appropriate and consistent with contemporanecus regulatory standards.
Some areas in which a different approach could have heen taken have been identified.

Pharmacovigilance

Medsafe have clear systems in place to effectively monitor the safety of medicines and have
demonstrated an approach to the pharmacovigilance handling of the Eltroxin issue that was
approptiate and that would be consistent with that of many regulatory agencies.

With the benefit of hindsight and a retrospective understanding of the issues, points for
consideration have been identified that could possibly strengthen existing procedures.

It is suggested that Medsafe may wish to review the medicines legislation around the
requirements for a Risk Management Plan in order to evaluate the role of such a document at
the outset of risk assessment prior to the launch of new formulations or chemical entities.

Medsafe may like to investigate the value of employing a statistical tool to aid signal
generation and to clarify signal pricritisation. Once the signal criteria are established, there
should be a standardised procedure in place for action and communication.

Medsafe may like to evaluate the possibility of more frequent or ad hoc Medicines Adverse
Reactions Committee (MARC) meetings to ailow real time discussion of key emerging safety
issues and to reach agreement on appropriate requlatory action and communication.

Finally, Medsafe may like to review the current Adverse Drug Reaction (ADR) reporting forms
so that the forms adequately capture the data required when evaluating the impact of any
future brand switch problem.
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1 Introduction

In March 2004 GlaxoSmithKline {GSK) submitted a New Medicines Application to the New
Zealand Medicines and Medical Devices Safety Authority (Medsafe) in support of a new
formuiation for Eltroxin® 50 meg and 100 mcg Tablets {NZ “New Eltroxin™) to replace the
existing product (NZ “Old Eltroxin”). The application was approved and the product was
launched in June 2007. Subseguently, the Centre for Adverse Reactions Monitoring (CARM)
received an increase in adverse reaction reports associated with the new formulation.

The New Zealand Ministry of Health has commissioned the UK Medicines and Healthcare
products Regulatory Agency (MHRA) to provide an independent expert opinion on whether
Medsafe applied appropriate regulatory standards when handling the application seeking
approval for the new formulation of Eitroxin, and subsequently reacted appropriately to the
large volume of adverse events relating to the reformulated product.

This Expert Review contains an evaluation of Medsafe’s pre-licensing assessment of the
quality and bioequivalence data that were submitted with the New Medicines Application for
NZ New Eltroxin (Sections 2 and 3 respectively) and an evaluation of the pharmacovigiiance
activities (Section 4). Suggestions are included on future investigations for NZ New Eltroxin
{Section 5) and measures that could be taken to reduce the possibility of this situation
occurring in the future when patients are transferred to a new brand or a new formulation of a
prescription medicine (Section 6).
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2 Quality review

This section reviews Medsafe's Quality Assessment of the dossier submitted by GSK for NZ
New Eltroxin, determines whether approptiate regulatory standards were applied and offers
proposals for further investigation.

2.1 Background

GSK has implemented a series of formutation changes for Eltroxin 50 meg and 100 meg
Tabiets resulting in different products being marketed in New Zealand over the years:-

s NZ 81 Eltroxin: marketed between April 1981 and May 1992; this is the same formulation
as the currently approved “European Eltroxin” formulation {as marketed in the UK},

s NZ Old Eltroxin: marketed between1992 and June 2007;

= NZ New Eltroxin: marketed from June 2007 to present; according {o reporls provided by
Medsafe, this formulation has been approved in both Germany and Denmark.

Table 2-1 provides a qualitative comparison of the various Eltroxin formulations that have
been marketed in New Zealand (see Bioeguivalence Review, Section 3 for further discussion).

Table 2-1: Qualitative comparison of New Zealand Eltroxin formulations

Component NZ 81 Eltroxin NZ Old NZ New Eftroxin
{same as European | Eltroxin
Eltroxin)
Active ingredient | Levothyroxine L evothyroxine Levothyroxine
sodium sodium sodium
Excipients Magnesium stearate | Magnesium Magnesium stearate
stearate
Lactose Lactose Microcrystalline
monohydrate monohydrate cellulose
Maize starch Maize starch Pre-gelatinized maize
starch
Powdered Acacia Acacia Purified talc
Sodium citrate - Silicon dioxide {Colloidal
anhydrous silica)
Purified water - -
(removed during
processing)

2.2 Quality dossier (Module 3} evaluation

2.2.1 Active substance

The active substance used to manufacture all the Eltroxin products described in Table 2-1 is
sourced from Sandoz GmbH (Schaftenau Plant, Biochemiestrasse 10, Langkampfen, Tyrol,
Austria). Therefore the reported adverse events are unlikely to be attributed to any variability
in the quality of the active substance. GSK stated that the active substance for NZ New
Eltroxin is supplied with reference to a Certificate of Suitability RO-CEP 1988-141-Rev 02; this
was omitted from the dossier but its attached for ease of review in Annex 2. Two particle size
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grades of levothyroxine sodium (material code 460 187 and 460 132) may be supplied under
the CEP as shown below:

Test for particle size distribution by_

Material code 460 187:

Mean particle size x (50.3)  not more than |||

80% Particle size between
Material code 460 132:

Mean particle size x (50.3) —
90% {upper limit) Particle size between ||| EGTGTGIGINN

GSK apparently utilise ﬁne“ material with 90% undersize [Dgg] particle size_
however this information is not deciared in the manufacturer’s active substance specification.

Different grades might influence the homogeneity of the granulation and hence the final guality
attributes of the finished product. Medsafe may wish to confirm which grade of [evothyroxine is

employed and what control measures are taken to ensure that the patticle size is controlled on
receipt and on storage.

MHRA conclusion: The reported adverse events are unlikely to be attributed to any variability
in the quality of the active substance since a single supplier (Sandoz GmbH) has been used to
manufacture all the Eltroxin products marketed in New Zealand. As particle size is a critical
attribute, Medsafe may wish to confirm which grade of ievothyroxine is actually employed and
what control measures are in place to ensure the particle size is adequately controlled on
receipt and on storage.

2.2.2 Pharmaceutical development

GSK states that the rationale for the reformulation to NZ New Elroxin was to improve product
stability (levothyroxine is unstable in the presence of light, heat, air and humidity). A further
driver may have been the desire to rationalise global formulations since the proposed NZ New
Eltroxin product had (according to Medsafe) already been approved in Germany and
Denmark. The reformuiation to NZ New Eltroxin offers the following advantages:

« NZ Old Eltroxin is manufactured by il

microcrystalline ceilulose introduced in the NZ New Eltroxin acts as am
s __ j which might enhance stability;

is a more efficient manufacturing process than |G
The“ formulation of NZ New Eitroxin required new functional excipients
(fillers, disintegrants and lubrication system). i.e. the excipients used for NZ Old Eltroxin did
not have the required properties. Sample Certificates of Analysis for the new excipients were

not provided. However, these are extensively used by the pharmaceutical industry for solid
dosage forms and acceptable standards were applied.

L

Appropriate interaction studies were conducted for the active substance, excipients and
packaging confirming their suitability for the new formulation. Long term stability data for
finished product (3 production scale batches for each strength stored at 25°C/60%RH for up to
2 years) demonstrated a satisfactory stability profile for the reformulated product with no
apparent trends in the data.

Restricted and confidential
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The dissolution test is in line with Test 1 given in the relevant USP tablet monograph, which
includes the use of a surfactant.

Medsafe questioned the addition of the surfactant SDS (sodium dodecy! suiphate) added to
the dissolution medium GSK's explanation that the addition of SDS had no
significant influence on levothyroxine dissolution rates and was added to prevent
levothyroxine adsorption on the apparatus filters was accepted. On review of the
pharmaceutical development and response data provided, suitable evidence to justify the
addition of SDS to the dissolution medium has been provided. However, it is not clear why the
surfactant was not added to all the dissolution media (pHs 1.0, 4.5 and 6.8).

Dissolution profiles of NZ New EHroxin and the reference product NZ 81 Eltroxin (European
Eltroxin) used in the bioequivalence studies are presented in the Bioeguivalence Review,
Section 3. Comparative dissolution profiles show dissolution similarity between both strengths
of the test and reference products under acidic conditions. However, it is noted that dissolution
similarity between test and reference products is nof seen at pHs 4.5 and 6.8. In the interests
of better understanding of the drug product, Medsafe may consider requesting further
information and clarification concerning the biopharmaceutical effect of these differences. This
is because there is a concern that in some cases a reduced bioavailability could be possible in
patients with a high gastric pH in the fasted stated. It is known that the solubility of
levothyroxine sodium is pH dependant, with better solubility seen in acidic or alkaline
conditions.

MHRA conclusion: The rationale for reformulating to NZ New Eltroxin to enable manufacture
by—bprocess is, at face value, scientifically sound. Stability data provided in
the excipient compatibility and finished product studies were entirety satisfactory and no
significant trends were observed in the data. The dissolution test is considered acceptable, but
differences seen between test and reference products at higher pHs raise a concemn that in

some cases, a reduced bioavailability could be possible in patients with a high gastric pH, in
the fasted stated. This may merit further investigation.

2.2.3 Manufacturing process validation

It is notable that the— method, as applied to NZ Old Eltroxin, is more commonly
used by solid dosage manufacturers, particularly if lacking expertise in

That GSK has the appropriate know-how would be apparent from the inspection of the
manufacturing site. The_ process outlined for NZ New Eltroxin is
considered acceptable. Extensive process validation data were generated for production-scale
batches aimed at demonstrating homogeneity of the blending and compression processes.
Satisfactory data were presented for: Uniformity of levothyroxine sodium triturate; Uniformity
of tablet blend; Content uniformity of the reformulated tablets (compliance with EP
specifications was demonsirated), Stability of the active ingredient during tablet manufacture;
Compliance with in-process controls: uniformity of weight, crushing strength, disintegration
and friability. The process validation studies complied with Note for Guidance on Process
Validation (CPMP/QWP/848/96).

MHRA conclusion: The change in the manufacturing method from” (NZ Old
E!troxin)to” (NZ New Eltroxin) was fully validated achieving homogeneity
throughout the process and a robust product. Whiist justifiable from a stability perspective, the
change in formulation excipients coupled with the newq process may (with
hindsight) have contributed to the adverse effects. However, no firm conclusions can be

drawn.

Restricted and confidential

Medicines and Healthcare products Regulatory Agency 9




Expert Review of Medsafe's pre-licensing assessment and pharmacovigilance activities for a new
formutation of Eitroxin 50 mcg and 106 mcg Tablets 06 October 2009

2.2.4 Finished Product Specification

The scope of the Finished Product Specification (Annex 1) is considered in line with current
regulatory requirements and in line with the relevant BP monograph and is considered
acceptable.

The release and shelf life Finished Product Specification of the NZ New Eltroxin is considered
satisfactory with appropriate controls applied including assay, dissolution, content uniformity
and related substances {Annex 1). The impurity profile of the NZ New Eltroxin lists additional
related substances compared to NZ Old Eltroxin. These impurities came to fight following the
introduction of an improved analytical detection method. It is noteworthy that with the
exception of HDPhDB acid (4-[(4-hydroxy-3,5-diiodophenyljoxy]-3,5-diiodobenzoic acid), the
named impurities comply with ICH Guidelines (ICH Topic Q 3 B (R2) [NfG on Impurities in
New Drug Products (CPMP/ICH/2738/99)]). HDPhDB acid (shelf-life control limit: NMT 2.5%)
being an existing impurity is considered toxicologically qualified. Since the imputity profile of
NZ New Eltroxin is unchanged compared to previous formulations, this is not implicated in the
adverse events reported.

However, it should be noted that the relevant USP monograph has recently been revised to
tighten the potency limits from 90-110% to 95-105% at shelf life. This is due to FDA regulatory
action to mandate the tighter limits, following safety concerns by health care professionals and
patients that the potency of the drug may deteriorate prior to its expiration date.

It should be noted that the BP monograph is under review but no decision regarding potency
limits has been made. It is acknowledged that tightening the limits would have an impact on
the shelf life of the drug product and hence marketability and availability of the drug product.

MHRA conclusion: Acceptable and justified control limits for all tests listed in the Finished
Product Specification of the NZ New Elfroxin have been applied. Medsafe may wish to review
the potency limits in light of recent regulatory action taken by the FDA.

2.2.5 Other considerations

NZ New Eltroxin Marketed in Europe: According to the reports provided by Medsafe, the NZ
New Eltroxin formutation has been approved in both Germany and Denmark. A review of the
assessment reports of the respective countries may provide additional information to assist
Medsafe in their investigation.

GMP Inspection: It is unclear if the adverse effects are related to specific batches of the
product. If this is the case, there may be underlying quality concerns with respect to GMP and
Medsafe may wish fo request the applicant fo investigate these.
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3 Bioequivalence review

This section reviews Medsafe's assessment of the bicequivalence data submitted by GSK for
NZ New Eitroxin, determines whether approptiate regulatory standards were applied and
offers proposais for further investigation.

3.1 Summary of GSK data and Medsafe assessment

GSK submitted a single open-label, single-dose (6 x 100 mcg tablets), two-treatment,
two-sequence bicequivatence study comparing test (NZ New Eltroxin) versus reference
(European Eltroxin) formulations in 36 healthy volunteers in the fasted state. This single
bioequivalence study in conjunction with the pharmaceuticat data was intended to support
both proposed dose strengths {50 mcg and 100 mcg) of the reformulated NZ New Eltroxin,

Standard pharmacokinetic (PK) parameters were calculated for (uncorrected) total T4 and
total T3 (per FDA 2000 guidelines, the primary variables for determination of bioavailability)
and analysis of variance was performed for log-transformed AUCy.. and Cpax. Geometric
means and 90% confidence intervals of the geometric mean ratio (test / reference) were
presented. PK parameters were also derived and statistical analyses performed for
(uncorrected) free T4 and free T3. Subsequently, in response to questions from Medsafe,
(GSK also derived corrected data for total T4 and free 4, with correction by subtraction of the
baseline value for each biochemical variable. The results of the various bioavailability
compariscns are summarised below in Table 3-1.

Table 3-1: Summary table of test/reference geometric mean ratios (90% confidence
intervals) for key pharmacokinetic parameters

Total T4 Crnzx AUC,.
Non-corrected 94% (91-97%) 98% (96-101%)
Corrected 88% (82-95%) 96% (88-104%)
Total T3 Crrax AUC,
Non-corrected 102% (96-108%) 99% (94-104%)
Corrected n/a n/a

free T4 Crnax AUC,
Non-corrected 95% (91-98%) 97% (95-100%)
Corrected 90% (83-97%) 91% (83-100%})
free T3 Crnax AUC.
Non-corrected 101% (97-106%) 100% (97-103%)
Corrected n/a n/a

On the basis of the above data, and GSK’s responses to other key questions raised by
Medsafe (discussed further under MHRA assessment), the clinical submission package was
eveniually considered approvable.
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3.2 MHRA assessment of bioequivalence study and of Medsafe’s review of the data

Key aspects of the data and the MHRA’s consideration of Medsafe’'s assessment (where
relevant} are presented below.

3.21 Study design

The study was designed in accordance with contemporaneous FDA guidelines’ for a
single-dose levothyroxine bioavailability study. Key aspects of study methodology
recommended by FDA and adhered to within the study were assessment under fasting
conditions, use of healthy volunteers, Total T4 and Total T3 as primary variables,
non-correction for baseline endogenous substance levels and administration of 600 mog
supratherapeutic drug doses.

MHRA conclusion: Medsafe's assessment that the overall study desigh was in keeping with
contemporary regulatory standards is considered appropriate.

3.2.2 Food effect

The single biostudy submitted was conducted under fasting conditions, as advocated by
existing FDA guidance. Given a known food effect for levothyroxine, Medsafe queried the
absence of fed data, subsequently accepting GSK’s argument that the biostudy was
conducted in accordance with guidelines and that the approved posoiogy recommended tablet
intake on an empty stomach.

MHRA conclusion: The rationale for provision of fasting data alone, in particular adherence
to existing accepted FDA guidelines, may be considered appropriate. However, given that a
food effect of up to approximately 50%? reduction in absorption is repotted for levothyroxine, it
may have been desirable o request bioavailability data in the fed state to provide assurance
that both test and reference formulations were simitarly affected by food intake.

This is considered supported by the available in vifro dissolution data. Dissolution profiles
between test and reference formulations were most similar at pH 1 (i.e., under in vifro
conditions most analogous to the fasted state) (Figure 1), where an 2 similarity factor greater
than 50 was reported. Conversely, at pH 4.5 (i.e. under in vitro conditions similar to those
seen with food intake)® and pH 6.8 (Figures 2 & 3), the dissolution curves clearly cannot be
considered equivalent (f2 similarity factor values <50). Therefore, it is plausible that a fed
study would have been more likely to differentiate between the test and reference
formulations.

Overall, Medsafe's consideration of this issue may be considered consistent with
contemporaneous guidelines. However, a valid rationale for requiring fed data existed and a
fed study may have been more sensitive to detect product differences than a fasted study in
vivo.

¥ FDA Guidance for Industry 2000: Levathyroxine Sodium Tabiets — In Vivo Pharmacaokinetic and Bioavailability
Studies and In Vitro Dissolution Testing {Presented in Annex 3)

% Bach-Huynh et al, J Clin Endocrin Metab 2000 Jul 7. [Epub ahead of print} (Presented in Annex 4)

% pearson DE & Hutton D. Structure and function on the stomach. in: Sadler MJ, Strain JJ, Caballerc B {eds}.
Encyclopedia of Human Nutrition. Academic Press;1999;pp929-938 (Presented in Annex 5)
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3.2.3 Waiver of the requirement for a biostudy evaluating the 50 mcg presentation of
the test formudation

The single biostudy stbmitted compared 100 mcg presentations of test and reference
formulations. However, GSK also sought approval for a lower dose 50 mcg presentation.
Existing FDA guidance recommended that a dose-proportionality study of the test formulation
be conducted over the range of presentations. This would require comparing the bioavailability
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of 600 meg doses of the test formulation administered as six 100 mcg tablets versus twelve 50
mcyg tablets.

Adopting a different approach to this issue, Medsafe queried the lack of a test versus
reference 50 meg tablet study as the reference 50 meg and 100 meg tablets were not direct
scaled versions of one another (see Table 3-2 below).

Medsafe subsequently accepted GSK's response that the proposed (test) 50 meg and

100 mcg tablets were direct pharmaceutical scales (see Table 3-3 below), and that they had
very similar dissolution profiles at pH 1, 4.5 and 6.8. GSK’s justification for the biowaiver is
considered to be in line with current EU guidance on bioequivaience.

Table 3-2: Composition of European Eltroxin formulation (or NZ 81 Eltroxin)
Bioeguivalence Reference Product

Composition European Eltroxin (mg/tabiet}
50 meyg 100 meg
Levothyroxine sodium 0.056 0.112

Lactose monochydrate

Maize starch

Sodium citrate

Acacia powder, spray dried

Magnesium stearate

Total

The two strengths are not direct scaled versions of one another.

Table 3-3: Composition of NZ New Elitroxin formulation
Bioeguivalence Test Product

Composition NZ New Eltroxin {mgftablet)

Triturate

Levothyroxine sodium

Cellulose, microcrystalline

Cther components
Cellulose, microcrystailine

Starch, pregelatinised

Talc

Silica, colloidal anhydrous

Magnesium stearate

Total

D,
o] &
o O
Gl @
o —
=3
—

4 Iy
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The two strengths are direct scaled versions of one another.
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MHRA conclusion: The rationale for non-performance of a study evaluating the 50 mcg
tablet strength is coherent, and one routinely used (and accepted) to justify biowaivers of
certain table strengths. Cn that basis the approach taken by Medsafe may be considered
appropriate. Conversely it may be argued that FDA guidelines were not strictly adhered to
since there are scale differences between test and reference 50 meg and 100 mcg products.
Thus a 50 mcg strength test/reference study may have been prudent since patients would
ultimately ‘switch’ between, and not only within, formulations. However, it should aiso be
stated that had GSK performed the test/test dose-proportionality study recommended by FDA
guidelines it is very plausible based on in vifro data that bioequivalence would have been
demonstrated.

Overall, the approach taken by Medsafe can be considered appropriate, although an
alternative approach would have been justified.

3.2.4 Use of European Eltroxin as the reference formulation in the biostudy

The use of European Eltroxin as the comparator in the biostudy was queried by Medsafe. The
argument put forward by GSK in thelr response and accepted by Medsafe was that the
European formulation was identicat to that approved in New Zealand from 1981 to 1992

{NZ 81 Eltroxin} and that, as the formulation change in New Zealand in 1992 (to NZ Old
Eltroxin) had been based on in vitro data alone, the EU formulation was therefore the
‘preferred’ reference product. Further to recent correspondence between MHRA and Medsafe,
it appears that a compticating issue af the time was that GSK were ceasing production of the
NZ Old Eftroxin formuiation which was the only registered levothyroxine product available in
the country in 2005/6.

MHRA conclusion: Given the inevitable switching between the formulations NZ Old Eltroxin
and NZ New Eltroxin amongst patients on existing levothyroxine treatment it is clear that a
hiostudy comparing these two formulations would have been the most appropriate study to
conduct/request. GSK's explanation for using the European Eltroxin formulation as a biostudy
comparator is not considered vatid. However, in mitigation it is recognised that Medsafe had to
act to ensure continued product availability and also that as New Zealand is a relatively small
pharmaceutical market in global terms the agency's negotiation with GSK may have been
difficult.

3.3 Overall MHRA conclusion on biostudy

The single fasted biostudy submitted by GSK to support the change in formulation 1o NZ New
Eltroxin was consistent with contemporaneous FDA guidelines. Of note the latter did not
advocate provision of fed study data. Nonetheless, fed biostudy data may have been
desirable with in vitro data suggesting that a fed study may have been more sensitive to
detect product differences.

The FDA guidelines did advocate provision of a dose-proportionality study, which was not
provided by GSK. Medsafe accepted non-provision of data for the 50 mcg tablet on grounds
that are widely used to justify dose strength waivers. Although this decision may be disputed
on the grounds of scale differences between 50 mcg and 50 mcg new and old (NZ 81 Elfroxin)
formulations it is noted that had a dose-proportionality study been conducted per FDA
guidelines it would have been unlikely to preclude approvai of the new formulation.

Regarding the use of the European Eltroxin formulation as reference product in the biostudy,
this is considered questionable. However, the difficulties faced by the agency in ensuring
continued drug supply from the country’s single levothyroxine supplier at that time are
recognised.
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In conclusion Medsafe's clinical risk:benefit assessment of reformulated NZ New Eltroxin
conducted in 2005/6 is considered appropriate, although some areas in which a different
approach could have been taken have been identified.
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4 Pharmacovigilance review

4.1 Risk minimisation prior to the launch of the new formulation of Eltroxin

At the time of the introduction of the NZ New Eltroxin to the market, it was recognised by
Medsafe and GSK that due to pharmacokinetic variabiiity between patients there may be
some patients who could experience a change in ¢linical effect when switched to different
drug product brands or formulations. This advice along with the recommendation for ‘dose
adjustments and monitoring of thyroid hormone level’ was communicated to prescribers in a
Dear Healthcare Professional communication from GSK.

As part of the risk minimisation measures for the new formulation two further letters were sent
by GSK to healthcare professionals {in June 2007 and June 2008) detailing the new tablet
appearance and dosing instructions required for those patients who required 25 meg, 75 meg
or 125 mog doses.

it appears that, for several reasons, some healthcare professionals did not receive the initial
and possibly the subsequent communications. This resulted in the Minister of Health receiving
several complaints that information had not been issued. It remains largely unclear why some
healthcare professionals reported a lack of information necessary to inform their clinical
decision making.

MHRA conclusion

Medsafe ensured that GSK issued communications to healthcare professionals about the
launch of NZ New Eltroxin. However, the Dear Healthcare Professional communications
representing the first risk minimisation opportunity could have been strengthened. The advice
to mon#or thyroid hormone levels and adjust dose is one of the key messages and this could
have been given greater prominence.

getting messages to heaithcare professionals, however it is accepted that not all healthcare
professionals will receive or take note of these communications. No one form of
communication can be expected to reach everyone.

Given the differences between the ald and new formulations (different excipients, change in
tablet size and colour, lack of score line leading to the need for alternate day dosing), it may
have been appropriate, prior to the launch of NZ New Eltroxin, for Medsafe to have
considered what additional communications may have been necessary. Options could have
inciuded: use of the Medsafe website; early engagement with physicians and patient support
groups to gather any feedback or concerns prior to the new formuiation launch; formulary
advice updates to provide information about switching and recommendations for monitoring
and dose adjustment along with similar advice targeted at patients thai pharmacists could
distribute at the launch of the new formulation and a ‘flash’ on the packaging to highlight the
new formulation and advice for patients {o discuss the changes with their doctor.

It is possible that a muiti-stranded communication strategy could have prevented some of the
loss of public confidence by better informing prescribers and patients of what to expect with
the new product.

Currently the medicines legislation in New Zealand does not require submission of a Risk
Management Plan as part of the dossier for a new licence application or a change to an
existing medicine. Risk Management Plans provide a framework for careful prospective
consideration and documentation of all risk minimisation activities required for safe use of a
new product.
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4.2 Adverse events associated with the new formulation of Eltroxin

Prior to the launch of the NZ New Eltroxin and since 1973, the Centre for Adverse Reactions
Monitoring (CARM) had received 14 adverse drug reaction reports where thyroxine was the
suspect drug. The first adverse event report associated with the use of the NZ New Eitroxin
was received in October 2007. A total of 39 reports were received between October 2007 and
May 2008.

This issue was first highlighted at the Medicines Adverse Reactions Committee (MARC)
meeting in May 2008 and was stated to be an emerging issue. MARC was provided with very
high level information on the nature of the reports received in the Quarterly CARM report and
also informed of the communications issued by the Marketing Authorisation Holder. MARC
was informed that CARM would continue to investigate the issue in association with Medsafe
and report back to MARC as necessary.

In June 2008 there was significant media attention and an increase in the number of reports in
association with NZ New Eltroxin such that 1309 reports were received between June 2008
and October 2008. The absolute impact of the media activity is uncertain but from the pattern
of reporting it can be estimated to be significant.

The largest number of reports was received in September 2008 probably in response to
lobbying by pressure groups. Further to this there was the development by a healthcare
professional of a “tick box” Adverse Drug Reaction (ADR) form which was given to patients to
complete encouraging them to send it to CARM. The form that was distributed contained a list
of reactions that may have been experienced by patients and it is feasible that such activity
not only elicited reporting but may have “suggested’ symptoms to patients. It is believed that
the “tick box” reports contributed {o a significant proportion of reports received, however since
the form was posted on the internet and sent to CARM independently by reporters the true
impact is difficult to ascertain.

The adverse event reports prior to the media event were described as mostiy involving
symptoms that could be attributed to thyroid dysfunction. After the media attention the number
of reports concerned with eye symptoms increased. There was also an increase in reporting
of events that could be related to an aliergic reaction. The adverse events reported were
largely subjective with extensive narrative describing symptoms from several different organ
classes. The adverse event reports largely impacted on the quality of life of the patients who
sent in the reports.

Hypothyroid symptoms accounted for 53% of all reports received. In 92 reports patients
reported improvement on discontinuing the new formulation especially in those patients
reporting hypersensitivity and Gl symptoms.

After the media attention in June 2008 there was a significant rise in the number of reports
describing the following events: alopecia (42), arthraigia (108), confusion (114), depression
(151), headache (485), hypertension (45), lethargy (210), memory loss (84), palpitations
(126), myalgia (190}, weight increase (205).

Of the serious adverse events, 5 of the 8 resulting in hospitalisation described symptoms that
could be attributed to the thyrotoxic state. The occurrence of excess levels of thyroxine in
some cases may possibly have been related to confusion with the dosing regimen of the NZ
New Eltroxin, patients taking a mixture of the two formulations, patients switching between
brands frequently and self adjustment of Eltroxin dose with inadequate monitoring of thyroid
function.

However, the initial investigation by Medsafe concluded that patients who switched to
alternate day dosing did not experience a disproportionate increase in reports of suspected
ADRs. For example, the CARM report shows that of the 451 reports received up until the end
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of August that included information on dose, 82% were from patients taking whole tablets daily
as opposed o a combination regimen. Therefore, only 18% of the total number of adverse
drug reaction reports couid have been attributed to difficulties in compliance with the alternate
day dosing regimen.

An afternative brand was introduced to the market in November 2008. it is noted that once the
alternative brand became available the number of reporis received declined, however, the
lchbying by pressure groups also appeared to have decreased at this time and it is not clear
how these two factors influenced reporting. However, until February 2009 the reporting rate of
adverse events was still greater than prior to the launch of the NZ New Eltroxin.

MHRA conclusion
There appears to be no clear single reason why so many adverse evenis associated with
Eltroxin were reported to CARM between October 2007 and October 2008.

There are several possible explanations all of which may have contributed:

s A number of healthcare professionals reported they did not receive the communications
advising to monitor thyroid function and adjust the dose of Eliroxin as necessary and
therefore ADRs relating fo inappropriate dosing may have occurred.

s The new formulation was markedly different in appearance to the old formulation and a
scored 50 mcqg tablet was not available leading to the potential for alternate day dosing
errors for patients prescribed 75 and 125 moeg doses.

e There was an intense period of media interest and lobbying for ADR reports to be sent to
CARM. The impact of the ‘'tick box’ form for Eitroxin ADRs cannot be adequately assessed
unless the reports can be analysed to try fo determine how many were prompted by the
form posted on the internet,

= There was a misinterpretation of the new formulation by some healthcare professionals
and soime members of the public in New Zealand who may have erroneously believed t
the new formulation was generic (which may have led to negative perceptions in some
cases).

Lok
Idi

4.3 Signal detectionfevaluation

The first adverse reaction associated with the new formulation of Eltroxin was received in
October 2007. Between QOctober 2007 and May 2008 a total of 39 reports were received,
which equates to an average of approximately 5 reports per month. Given that only 14 reports
associated with thyroxine had been received since 1973 it is queried at what point the
significant increase in the rate of reporting of adverse events associated with Eltroxin could
and should have been raised as a signal.

We are aware that Medsafe and CARM have reguiar weekly meetings to discuss reporis
received by CARM. However, if is not clear what other procedures are in place regarding
signal detection and whether any statistical tools CARM and Medsafe use fo detect an
increasing frequency of a suspected ADR (eg disproportionality analysis which is used to
determine whether the number of reports received for a particular drug or drug/reaction
combination are greater than would be expected).

From the data and information presented to us it is unclear at what peint the accumulating
reports with the NZ New Eltroxin were first considered by either CARM or Medsafe to be an
emerging signal and what priority was given to the further review of this potential sighai/issue.

The emerging issue with the new Eltroxin formulation was first presented to the MARC in May
2008. MARC was informed that the reports received described diverse reactions, some
suggesting a change in therapeutic effect, while others described a range of apparently
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unrelated events and that the problems appeared to have resolved when the patients returned
to their previous formulation. By May 2008, 39 adverse event reports had been received by
CARM although only 13 were presented at the May 2008 meeting of the MARC. MARC
currently meets quarterly and it is unclear how Medsafe couid/wouid seek independent expert
advice on important safety issues outside these times.

MHRA conclusion

Medsafe has a well established interaction with CARM over the review and analysis of
suspected ADR reports. Real-time monitoring of emerging safety data is extremely important
in order to detect potential safety issues in a fimely manner. in this respect it is essential to
ensure that review of emerging safety data including ADR reports is systematic and
conducted on a regular basis. There needs to be agreed, clear, pre-defined criteria that would
trigger a signal and lead to the review of reports and consideration of possible regulatory
action in accordance with agreed timelines which are proportionate to the risk.

The timescale for evaluation of an emerging safety issue needs to reflect amongst other
things the strength of the evidence and aiso the public health impact of the issue. However, in
situations like this where the scale of the public health issue was given gravitas by the public
perception there needs to be the capacity to react to the changing/emerging picture and to
re-visit the originai priority to determine whether this still accurately reflects the current
situation.

The ability to seek timely independent expert advice is key fo effective risk management. The
possibility of more frequent or ad hoc MARC meetings for any similar emerging safety issues
should be considered. The ability to seek the advice of an independent expert committee in a
timely manner should help to gain the confidence and trust of the public and healthcare
professionals that all appropriate and necessary action is being taken with regards to an
emerging safely issue.

4.4 Risk management

In June 2008, following consultation with specialist endocrinologists, Medsafe issued advice to
healthcare professionals to monitor patients and adjust the dose of the new formuiation of
Eitroxin if necessary.

In addition, an articie was published in the Best Practices Journal {(August 2008) providing
further information on the Eltroxin formulation change. Information published in the journal
encouraged reporters to include a greater depth of data with any ADR report. Healthcare
professionals were asked to provide pre and post formulation changes in thyroid function
tests, information about the dose change and timing of administration, confirmation that the
patient was not splitting the tablets and the date the patient was changed to the new
formulation. Unfortunately, this attempt at improving the quality of data in the ADR reports met
with limited success.

MHRA conclusion

The communication issued by Medsafe in June 2008 coupled with the communication in the
Best Practices Journal was a valuable way fo ensure that healthcare professionals were
informed about the issue and provided with information to support their prescribing decisions
and discussions with patients. The communication could also have emphasised Medsafe's
commitment to real-time monitoring of emerging safety data.

Proactive and effective communication in the early stages of an emerging issue and continued
and regular updates are useful in managing issues where there is significant public concern.

The media have great potential influence on the public’s perception of an issue and it is
important that they are provided with the necessary facts and interpretation to maximise the
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opportunity for a balanced report. It is unclear what, if any, engagement with experts in the
field of media and public relations was undertaken at the peak time of media interest. Also a
timely media appearance by a member of the agency detailing the agency’s action plan for
handling the issue may have helped maintain public confidence at a time when there was
negative media attention around the product.
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5 Suggestions for future investigations / measures for
Eltroxin / levothyroxine

51 Quality

Medsafe may wish to confirm which particie size grade of levothyroxine is employed and
what control measures are taken to ensure the particle size is adequately controlled on
receipt and on sforage.

2. The dissolution test is considered acceptable, but differences seen between test and
reference products at higher pHs raise a concemn that in some cases, a reduced
bioavaitability could be possible in patients with a high gastric pH, in the fasted state. This
may merit further investigation.

3. NZ New Eltroxin Marketed in Europe: According to the reports provided by Medsafe, the
NZ New Eitroxin formulation has been approved in both Germany and Denmark. A review
of the assessment reports of the respective countries may provide additional information fo
assist Medsafe in their investigation.

4. GMP Inspection: It is unclear if the adverse effects are related to specific batches of the
product. If this is the case, there may be underlying quality concerns with respect toc GMP
and Medsafe may wish to request the applicant to investigate these.

5. The potency limits may be reviewed in light of recent FDA action, aithough not related to
stability.

5.2 Bioequivalence

1. ltis suggested that the currently available data (for TT4 PK parameters) be reanalysed
with TT4 incorporated as a covariate in the statistical model in accordance with Walter-
Sack et al's publication® which indicated that this approach could substantially reduce the
dependency of TT4 on age, season and thyroid volume and also reduce residual
variability. Given the requisite length of washout periods in thyroxine studies
(approximately 5 weeks in the Eltroxin biostudy) such an approach appears particularly
relevant. It may simply be that this approach increases the reliability of the point estimates
previously observed. However, in view of the slightly lesser bioavailability of test versus
reference formulations noted in the baseline-subtraction corrected analyses, the results of
this alternative analytical approach would be of interest.

5.3 Future measures to reduce adverse incidents arising from new levothyroxine /
Eitroxin formulations

1. Instructions for administration: Given the known food effect on the bicavailability of
levothyroxine, it may now be prudent to review the clarity and suitability of current advice
to physicians and patients in the drug product literature, regarding administration and
avoiding a risk of a food interaction. This could be supported by appropriate readability
studies.

2. Levothyroxine stability issue: Levothyroxine sodium drug products are known to degrade
on storage, in acknowledging this shelf life assay limits are typically 20-110% (see BP
2009 monograph).

However, it shouid be noted that the FDA is now mandating that levothyroxine sodium
drug products have tightened potency shelf life specifications of 95% to 105%, following

* Walier-Sack et al, Clin Pharmacckinet 2004;43(14):1037-1053 (Presented in Annex 6)
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concerns by healthcare professionals and patients that the potency of the drug may
deteriorate prior to its expiration date. The USP monograph has recently been revised with
assay limits of 95-105%.

The refevant BP Expert Advisory Group is currently reviewing the tablet monograph for
Levothyroxine Tablets BP and is considering tightening the upper assay limit from 110% to
105%.

It is suggested that Medsafe may wish to review the required potency limits.

5.4 Pharmacovigilance

1.

It is considered important to investigate fully the reasons why healthcare professionais did
not receive information prior to the introduction of the new formulation of Eltroxin to the
market.

it is considered important that GSK is approached to discuss the possibility of infroducing
a 25 mcg {ablet of Eitroxin to the market especially in view of the serious adverse events
associated with the hyperthyroid state and possible condribution to these of alternale day
dosing confusion.
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6 Suggestions for future measures concerning
introduction of new brands and formulations

This section considers measures that could be taken to reduce the possibility of the situation
that arose with NZ New Eltroxin occurring in the future when patients are transferred to a new
brand or a new formulation of a prescription medicine.

6.1 CQuality

The particle size grade of the active substance used and whether it is micronized might be
critical factors in tablet formulations. Suitabie conirol measures should be in place to ensure
the particle size is adequately controlied on receipt and on storage.

Dissolution profiles of test and reference products at ranges of pHs should be known. This
arises from a concern that in some cases, reduced bioavailability could be possible in patients
with a high gastric pH, in the fasted state.

6.2 Measures for future bicequivalence studies

6.2.1 Critical dose / narrow therapeutic index drugs

Although there is no consensus definition of the drugs which may fall into these categories
several drugs including thyroxine have been discussed in these terms. For such drugs it may
be prudent to require a more substantial level of clinical evidence to demonstrate equivalence
between formuiations, to allow less extrapolation from the pharmaceutical data and to
consider worst case scenarios irrespective of Summary of Product Characteristics (SPC)
recommendations / warnings such as intake on an empty stomach. in the case of Eltroxin a
biostudy comparing test and reference 50 mcg formulations and fed biostudy data would have
peen of interest for these reasons.

6.2.2 Reference product

[t is important that formulations between which patients will switch in the post-market
experience are those which are directly compared in biostudies. By way of illustration consider
three drug formulations, A, B and C. A and B are bioequivalent, with a B:A point estimate ratio
for AUC of 0.8. B and C are bicequivalent with a C:B point estimate ratio for AUC of 0.8.
However C and A are clearly non-equivalent with C providing approximately 36% less drug
exposure than A.

6.3 Pharmacovigilance

Given the history of public concern over brand switches in New Zealand, it is suggested that
Medsafe can anticipate a similar problem in the future when a new formulation or brand of a
prescription product with a narrow therapeutic index is to be launched and prepare a strategy
to deal with this before the product is launched.

Medsafe may wish to consider engagement with relevant patient and professional groups
early in the approval process o obtain feedback as to the feasibility and practicality of
proposed risk minimisation measures.

Proactive effective communication emphasising the recommendations for prescribers is key to
risk management and should be initiated as early as possible. Involvement of key professional
bodies and patient groups on the content and means of such communications should help
increase the effectiveness of such communications.
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Timely formulary updates, patient information ieaflet updates, flashes on new packs of
medicine highiighting the changes, and proactive press releases on the Medsafe website
could all help to manage such situations in future.

Currently the medicines legislation in New Zealand does not require submission of a Risk
Management Plan as part of the dossier for a new licence application or a change to an
existing medicine. Risk Management Plans provide a framework for structured discussion with
pharmaceutical companies about management of any known or possible risks.

The ability for real-time monitoring of emerging safety data and the capacity to seek timely
expert advice is key to effective pharmacovigilance. Medsafe and CARM may wish to consider
the feasibility and usefulness of formal statistical tools to aid sighal detection. It may also be
appropriate to investigate the possibility of a risk based approach to signal detection with more
freqguent analysis of adverse event reports associated with a new brand or formulation to
enable early detection of any evolving problems.

MARC currently meets quarterly and it is unclear how Medsafe seeks independent expert
advice on important safety issues outside these times. The possibility of more frequent MARC
meetings when an emerging safety issue is detected may be considered. The ability to seek
advice from an independent expert committee in a timely manner may help to gain the
confidence and trust of the public and healthcare professionals that all appropriate and
necessary action is being taken with regards 1o an emerging safety issue.

Medsafe may wish to strengthen the current pharmacovigilance provisions by considering the
following:

1. A review of the medicines legisiation around the requirements for a Risk Management
Plan

2. Introduction of a statistical tool 1o aid signal generation and agreement between CARM
and MARC of clear predefined criteria for signals and also introduction of a ciear
consistent approach to signal prioritisation.

3. The possibility of more frequent or ad hoc MARC meetings to allow real time discussion of
key emerging safety issues and to reach agreement on appropriate regulatory action and
communication.

4, A review of the current ADR reporting forms so that the forms adequately capture the data
required when anficipating the impact of any future brand switch problem.
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Annex 1: Finished product specification (shelf life)

for NZ Old Eltroxin and NZ New Eltroxin

Extracted from Medsafe website: htin://fwww medsale govinz/hotidlens/EBEllroxininfo.asp

' Test

Acceptance criteria

Comment
Old formulation New formulation
;. Description 50 meg tablet: 150 mcg tablet: : Standard requirement for pharmaceutical
. A white, 14", :White to off-white, : products.
‘biconvex tablet,  round,
‘with a bisecting . biconvex tablets
breakline on one | imprinted

‘A yeliow, 14",
 biconvex tablet,
:with a bisecting

iface and "50"

breakline. The othe!

‘face is plain.

: 100 mcg tablet:

-breakline on one
‘face and "{00" ‘
inscribed above ihe;
_breakline. The othe:
‘face is plain,

GS 11E on one
‘inscribed above the:

face and
50 on the other.

£ 100 mcg tablet:

- White to off-white,
_round, ]
i biconvex tablets
‘imprinted

{GS 21C on one

face and
100 on the other.

" Identification of

_levothyroxine sodium.

By HPLC

By UV

: No specification

- peak in the sample
: chromatogram !
_corresponds with
‘that of the principal’
ipeak in the :
Hevothyroxine
sodium reference
‘material
‘chromatogram.

No specification

The spectrum of the
“sample is

:concordant with
‘that of the
-levothyroxine
_sodium reference
imaterial.

“The retention time ' Standard requirement for pharmaceutical
tof the principal s products.,
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Levothyroxine sodiun 90.0 - 110.0
- content (% label
" claim)

.90.0-105.0

: Standard requirement for pharmaceutical

: products.

: The upper it for assay (levothyroxine) is
‘tighter for the new formulation than the old
‘formulation.

Drug-reiated :f
: impurities content (%}E
Liothyronine sodium <20
Tetrac* | No specification
HDPhDB acid* :No specification

Any unspecified
impurity

No specification

.Totai :No specification

: The specification for impurities is significantly '

‘that for the old formulation.

- GSK developed an improved test method

‘ capable of detecting impurities that the old
:method was unable fo detect. The new
:method is used to test the new formulation.
‘ The limit for liothyronine sodium is tighter for
- the new formulation and the content of tetrac,
. HDPnDB acid, unspecified impurities and total
impurities is controlled. Testing of the old
formulation using the new test method
Lindicates that the old formulation also

- confained tetrac, HDPhDB acid and

- unspecified impurities.

. The acceptance criteria for impurities were
‘found to be acceptabie based on: ICH

: Guideline, Impurities In New Drug Products,
| Q3B(R), {refer to

- www.ich.org/L OB/media/MEDIA421.pdf for the
‘current version of this guideline), and the
{impurity content of the oid formuiation of
:Eltroxin tablets and Eitroxin tablets marketed
.in Europe.

improved for the new formulation compared to

Loss on drying at -No specification

1056°C (Yewiw)

130-85

Surrogate test for water content
(permitted by ICH guidetine QBA).

Hardness 25t05.0Kp

No specification

‘Hardness is not included in the specification

: for the new formulation as hardness testing is
iperformed as an in-process control during

i manufacture. This is acceptable and is

i supported by ICH guideline Q6A.

Friability (performed <1.0 %
"only when hardness
fails) |

éNo specification

 Tablet friahility is not included in the

. specification for the new formulation as

- friability testing is performed as an in-process
i control during manufacture. This is acceptable
“and is supported by ICH guideline QBA.

‘Dissolution {% 55 % dissolution at
- levothyroxine sodium 80 minutes
‘released) :

70 % disselution in .
- 45 minutes

‘tablets.

Standard pharmacopoeial requirement for

- Microbial limits test: |

Standard pharmacopoeial reguirement

;for tablets.
- The acceptance criteria applied for the new
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formulation are those specified in the
'European Pharmacopoeia.

‘Total viable aerobic
-count (cfu/mL)

Bacteria No specification ;Not more than 10°

Fungi No specification .. Not more than 10°

E. coli :No specification  Absent from 1 g |
) F’au:.ka\ginigi T :.To.bé inspected ‘No specification Et ié hot (.:.urréﬁti.y a standard requirement to
components § Jinclude this type of specification in the shelf-

life specifications as packaging materials are
“controlled during the manufacturing process.

* tetra'todo{hyroacéﬂé acid

**4-[(4-hydroxy-3,5-diiodophenytjoxy}-3,5-dilodobenzoic acid
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Annex 2: European Certificate of Suitability for
Levothyroxine Sodium supplied by Sandoz GmbH

Note: the current certificate version is R1-CEP 1998-141- Rev04 however the
supplemental tests listed below are unchanged.
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OO JONBEL
OF PUROSE O EUROEE

| Earopesh Directorate for the (yuality of Medicines
Certifieation Unit

 Cartifieste No. RI-CEP 1998-141-Rer 02

HNome of the Sﬁﬁfm{mr b
LEVOTHYRONTNE SODIM
Conde 4643 187 _f‘ﬁieéé{j 137

LAl et

Nawe of folder:
Banony Gaskl
Biochemiestrasse H¥
A~ 6250 Kundl, Tyrol

L R AN

Sire of production:
Sanpor GusH

1 Behaftenoy Plust

it Blochemiestrasge 10

12 & - G335 Langhampfen, Tyl

YA -]

13 THIS CERTIFICATE SBUPERSEDES m :m'fmﬁs CERTIFICATE
4 B1-CEP 1998 141-REVHE

15 After examination of the information provided on the manufecruring method and subsequent
i6  processes {including purificationt for this substanee o 'the <t 0f production mentioned shove,
7 A - 6396 Langhampfon, Tyrod, we carnify that the guality of the subistance i5 suitebly controlied
18 by the curment version of the monograph LEVOTHYROXINE SODIUM ngy. (4401 of the Buropean
1% Pharmacoposis, carrent edition including supplements, only i it B'supblemented by the wss)
20 mentioned below, based on the analytival provedare(s) given in sanego i

31 e Test forjodide ] (Annex 1)

o

22 - Test for related substances by Hauoid chwonsatography o (Aanes 2

3 Ci4-hydroxy-3.5-dilodopbenyhyroxine

24 On{methyiestraiodotyrethylamine

25 Konochlorogdodothyrondne sodinm

6 Trilndothyronosthy acid

X7 Tetrsiodothyroacetis avid

28 Ay oiher detootable impurity® nof more than 0.50%
19 ol impurities (except Bothyronine sodiom)y®  not mors than 1.0%

= arvd cther then fiose mentionsd In the monomraph

Postsl Address: 226 Svenus de Colmsr fanirance aie Schenz} BLF, 907 — F 87020 Straghotng Dot
Telaphonia: (5,88.41.90 20 - Fax 03.58.41.87.71 - B-mall; cenffinationduhaurirg
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“iwc for residuel sofvents by gas chromatography {Annex 33

for particle shee distribution by microscepy {Arnex 43
%& al code 460 18T e
fear particle sive x {50.3)
%

42 Mamdactoe &f
43 Practice and in

44 Failure to oomply wif
45 This wufm:: is ; A the framework of the procedure established by the European

r, it is grapted according fo the provisions of Dirsetive
and epy subsequent amendment, and the celated

Serashonrg, 1Y August 2005
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Annex 3: Literature Reference 1

FDA Guidance for industry 2000: Levothyroxine Sodium
Tablets — In Vivo Pharmacokinetic and Bioavailability
Studies and In Vitro Dissolution Testing
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GUIDANCE FOR INDUSTRY!

Levothyroxine Sodium Tablets —
In Vive Pharmacokinetic and Bioavailability Studies
and In Vitro Dissclution Testing

This guidance represents the Food and Drug Administration's (FDA's) current thinking on this
| topic. It does not create or confer any rights for or on any person and does not operate to bind ]
FDA or the public. An altermative approach may be used if such approach satisfies the

requirements of the applicable statutes and regulations,

L INTRODUCTION

This guidance is intended to assist sponsors of new drug applications (NDAs) for levothyroxine sodium
tablets who wish to conduct in vivo pharmacokinetic and bioavailability studies and m vitro dissolution
testing for their products. Information from these studies would generally be submitted in section 6 of an

NDA. Sponsors who wish to use approaches other than those recommended in this guidance should
discuss their plans with the FDA prior to preparing an NDA.

L BACKGROUND

Levothyroxine sodium is the sodium salt of the levo isomer of the thyroid hormone thyroxine. Thyroid
hormones affect protein, lipid, and carbohydrate metabolism, growth, and development, They stimulate
the oxygen consurmption of most cells of the body, resulting in increased energy expenditure and heat
production, and possess a cardiostimulatory effect that may be the result of a direct action on the heart.

The production of levothyroxine hormone is regulated by the hypothalamus-pituitary axis through a
negative feedback system. When hormone levels are inadequate, the hypothalamus secretes thyroid
stimulating hormone-releasing hormone (TSH-RH), which stimulates the anterior pituitary to produce
thyroid stimulating-hormone (TSH). TSH then stimulates the thyroid gland to produce levothyroxine

" This guidance has been prepared by the Division of Pharmaceutical Evaluation 1}, Office of Clinical
Pharmacology and Biopharmaceutics, which operates under the direction of the Office of Pharmaceutical Science in
the Center for Drug Evaluation and Research {CDER) at the Food and Drug Administration (FDA). The guidance has
also been reviewed by the Guidances Technical Committee of the Biopharmaceutics Coordinating Commiitee, as well
as the Division of Metabolic and Endocrine Drug Products in CDER.



(T4) and triiodothyronine (T3). Ty is subsequently converted to the highly active Ts in the peripheral
tissues. High levels of Ty inhibit the production of TSH and (to a lesser degree) TSH-RH. This effect in
turmn decreases the further production of Ty (Farwell 1996).

Orally administered levothyroxine sodium is used as replacement therapy in conditions characterized by
diminished or absent thyroid function such as cretinism, myxedema, nontoxic goiter, or hypothyroidism.
The diminished or absent thyroid function may result from functional deficiency, primary atrophy, partial
or complete absence of the thyroid gland, or the effects of surgery, radiation, or antithyroid agents.
Levothyroxine sodium may also be used for replacement or supplemental therapy in patients with
secondary (pitutary) or tertiary (hypothalamic) hypothyroidism.

Levothyroxine sodium is a compound with a narrow therapeutic range. If a drug product of lesser
potency or bioavailability is substituted in the regimen of a patient who has been controlled on another
product, a suboptimal response and hypothyroidism could result. Conversely, substitution of a drug
product of greater potency or bioavailabiiity could resuit in toxic manifestation of hyperthyroidism such
as cardiac pain, palpitation, or cardiac arthythmia. In patients with coronary heart disease, even a small
increase in the dose of levothyroxine sodivim may be hazardous. Hyperthyroidism is a known risk factor
for osteoporosis (Paul ef al. 1988). To minimize the risk of osteoporosis, 1t is advisable that
levothyroxine sodium be titrated to the lowest effective dose. Because of the risks associated with
over- or under-treatment with levothyroxine sodiurm, it is critical that patients have available to them
products that are consistent in potency and bioavailability.

It is a challenpe to determine the bicavailability of levothyroxine sodium products because levothyroxine
is naturally present in minute quantities in the blood, with the total levels reaching 5.0-12.0 pg/dl and
free (or unbound) levels reaching 0.8-2.7 ng/dl in a healthy adult. To assess the bioavailability of
jevothyroxine sodium after a single dose, several times the normal dose should be given to raise the
levels of the drug significantly above baseline to allow measurement, Furthermore, levothyroxine has a
long half-life of 6 to 9 days, and therefore, a long washout period is necessary between treatments.

Ifi. PHARMACOKINETIC AND BIOAVAILABILITY STUDIES IN VIVO

Information on the pharmacokinetics (absorption, distribution, metabolism, and excretion) of
levothyroxine sodium can be obtained from the literature and/or from original studies. If the studies
cited have used levothyroxine sodium formulations other than the formulation intended for marketing, the
submission should contain information identifying how those formulations differ from the to-be-marketed
formulation.

For sponsors who have a product on the market, we recommend that in vivo bioavailability studies be
conducted using the formulation(s) already on the market, assuming that the sponsor intends to keep
marketing the formulation(s). The tablets used in the study should be made from a full-scale production
batch and should meet ail compendial requirements. The formulations used should demonstrate
sufficient stability for the length of the study. Stability evaluations should be made for the bio-batch prior



to and after the study. All dissolution, potency, and content uniformity data should be submitted to the
NDA for review.

For sponsors who do not have a levothyroxine sodium formulation on the market, the usual approaches
to developing pilot-scale batches for bicavailability studies apply.”

A. Inclasion Criteria

For each pharmacokinetic and bioavailability study outlined below, at least 24 volunteers should
complete the trial. The subjects should be healthy volunteers, 18 to 50 years of age and within 15
percent of ideal body weight for their height and build. Sponsors should attempt to enroll an equal
number of men and women, if possible. Volunteers recruited for the study should have an acceptable
medical history, physical examination, and clinical laboratory tests. All thyroid function tests should be
within normal limits. Volunteers with any current or past medical condition that might significantly affect
their pharmacokinetic or pharmacodynamic response to levothyroxine sodium should be excluded.
Female volunteers should be given a pregnancy test prior to beginning the study. Pregnant women
should be excluded from the study. Written informed consent should be obtained from all volunteers
before they are accepted into the study.

B, Single-Dose Bioavailability Study

Obhjective: To determine the bioavailability of the to-be-marketed formulation of levothyroxine relative

to a reference (oral solution) under fasting conditions.

Design: The study is a single-dose, two-treatment, two-sequence crossover design. An equal number
of volunteers should be randomly assigned to each sequence. The washout period between treatments
should be at least 35 days.

Tablet Strength and Dose: A multiple of the highest tablet strength to achieve a total dose of 600 g
should be given to detect T; above baseline levels.

Procedure: Following a 10-hour overnight fast, volunteers should be administered a single dose of
levothyroxine sodium orally with 240-mL water. The treafments should be as follows:

Treatment 1:  Multiples of the highest strength of levothyroxine sodium tablets to be marketed.
Treatment 2:  Levothyroxine sodium as an oral solution at an equivalent dose with treatment 1. The

infravenous formulation can be used as a convenient source of an oral levothyroxine
solution.

?See Q14 Stability Testing of New Drug Substances and Products {59 FR 48754, September 1994).



Volunteers should remain fasted for 4 hours after dosing, with water only allowed after the first hour.
Volunteers should be served standardized meals according to the schedule throughout the study.

Blood Sampling: Blood samples should be drawn at -0.5, -0.25,0,0.5,1,1.5,2,2.5,3,4, 6, 8,10,
12, 18, 24, and 48 hours post dose.

Daia Analysis: Individual and mean plasma/serum concentration-time profiles of total (bound + free)
T, and T should be included in the report. The plasma/serum profiles and pharmacokinetic measures
should be presented without the adjustment of baseline levels since endogenous levothyroxine
concentrations are unpredictable during the course of the study. The following pharmacokinetic
measures should be computed:

e Area under the plasma/serum concentration-time curve from time 0 to the last
measurable time point (AUCq.)

® Peak concentration (Cp,;,)
° Time fo peak concentration (Ty,.)

Analysis of variance {(ANOVA) should be performed for both log-transformed AUC,; and C,5 using
the SAS General Linear Models (GLM) procedure. The oral sofution should be used as the reference
formulation, The geometric means and 90 percent confidence intervals of the geometric mean ratio

PR S - S S W e | S I TR K. I TR SOU: ORI JOUNEUNRY ok ML JRUNPUNS DU TS5 I
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. Dosage-Form Proportionality Study

Objective: To determine the dosage-form proportionality among the to-be-marketed tablet strengths of
levothyroxine sodium.’

Design: The recommended study is a single-dose, three-treatment, six-sequence crossover design. An
equal number of volunteers should be randomly assigned to each sequence. The washout period
between treatnents should be at least 35 days.

Tablet Strengths and Dose: Three strengths of tablets should be studied that represent the low,
middle, and high strength of the formuiations to be marketed. Generally, the middle strength studied is
the 100-ug tablet. A multiple of each tablet strength should be given to detect T, above baseline levels.
The total dose given for each treatment in the study will usually be 600 pg and should be the same dose
for each treatment.

* Available strengths of levothyroxine sodium tablets from many manufacturers include 25, 50, 75, 88, 100,
112, 125, 137, 150, 200 and 300 pg.



Procedure: Following a 10-hour overnight fast, volunteers should be given a singie dose of
levothyroxine sodium orally with 240-mL water. The treatments consisting of equal doses of
levothyroxine shouid be as follows:

Treatment 1:  Multiples of the representative fow strength tablets (usuaily 50 ug).

Treatment 2:  Muitiples of the representative mid-strength tablets. This is normally the 100- g tablet,
and should be constdered as the reference for this study.

Treatment 3:  Multiples of the representative high strength tablets (usualty 300 pg).

Volunteers should fast for an additional 4 hours after dosing, with only water allowed after the first hour.
Volunteers should be served standardized meals throughout the study according to the schedule.

Blood Sampling: The blood sampling schedule for this study should be identical to that recommended
for the hicavailability study.

Data Analysis: Individual and mean plasma/serum concentration-time profiles of total (bound + free)
T, and T should be included in the report. The plasma/serum profites and pharmacokinetic measures
should be presented without adjustment of baseline levels since endogenous levothyroxine
concenfrations are unpredictable during the course of the study.

AT T Lo~ 41

f [ A RPN IS TP P - R TE YRS TR M e PRGN s 5 RS [ I AR TR [ Ly by A d ™
The thmm,unmew, MICASHTS, HCIUGINE AU gy, Lngyx 810 1pax, SOG0UG OC COMPUICG 101 B0 G

tal L4
and T;. For the assessment of proportionality between strengths, both log-transformed AUC. and

C max should be analyzed with ANOVA using the SAS GLM procedure. The geometric means and 90
percent confidence intervals of the geometric mean ratio of AUC,. and G, should be presented for
each pairwise comparison. Dosage-form proportionality is demonstrated if the 90 percent confidence

intervals fall within the 80-125 percent range.

For both single-dose bioavailability and dosage-form proportionality studies, the assessment of
bioavailability should be based on the measurement of total (bound -+ free) T4 and total T levels. The
determination of free Ty and T; is not necessary. However, if sufficiently precise and accurate assays
are available for free T, and Ts, these moieties can be measured as well. Statistical analyses of free T,
and T, should then be performed, with the resuits used as supportive data. If free T, and T; are
measured, the assays used should be based on the immuno-extraction (two-step) method, rather than
the labeled analog (one-step) method. Levels of TSH should be measured as part of the volunteer-
screening process as well as post-study examination. These TSH data should be reported in the NDA.



IV.  DISSOLUTION TESTING IN VITRO

Dissolution studies can be performed using an appropriate method developed by a sponsor® or the
current USP method. For each tabiet sirength to be marketed, multi-point dissolution studies should be
performed on three production-sized batches using 12 tablets per batch. The time points used should
be 10, 20, 30, 45, 60, 80, 100, and 120 mimutes, or until 80 percent of the labeled claim is dissolved,
so that a complete profile may be obtained. Dissolution testing should include lots used m the
bioavailability studies.

V. FORMULATION

The composition of the formulation for each tablet strength of levothyroxine sodium to be marketed
should be provided in the NDA,

VL.  BIOWAIVER

For tablet strengths not studied in the dosage-form proportionality stady (see section IIL C}, the
sponsor should request biowaivers and provide appropriate formulation information as weli as in vitro
dissolution data as covered under 21 CFR 320.22(d)2). Specifically, all of the following conditions
should be met:

1. The dosage-form proportionality study among the to-be-marketed tablet strengths of
levothyroxime sodium (low, medium, and high strengths) has been found acceptable, and
proportionality has been shown among the strengths incladed in the study (also see section
HL C. Data Analysis).

2. TFor tablet strengths to be covered under the waiver request, they should differ only in the
amount of levothyroxine sodium and filler needed to maintain the tablet weights.

3. Multi-point dissolution profiles are similar across tablet strengths using an £2 test. If both
test and reference products dissolve 85 percent or more of the label amount of the drug in
» 15 minutes, the 2 test is not necessary.”  The dissolution method as well as dissolution
data have been found acceptable by the Agency.

Sponsors whose products do not meet the above condifions should contact the Division of
Pharmaceutical Fvaluation II for further guidance.

“Sce FDA's guidance for industry on Dissolution Testing of Immedicate Release Solid Oval Dasage Forms (August 1997).



VII. ASSAY VALIDATION

Assays used for both in vivo and in vitro studies should be fully validated, reproducibie, precise,
accurate, specific, stable, and linear. 1f commercial kits are used, they should be validated in-house at
the analytical site where the assay for the study is performed. Please note that the validation data from
the kit manufacturer alone is insufficient.



REFERENCES
Farwelt A. P., and L. E. Braverma, 1996, "Thyroid and Antithyroid Drugs,” Goodman & Gilman's
The Pharmacologic Basis of Therapeutics, 9th ed. pp. 1383-1409, McGraw-Hill.

Paul T. L., J. Kerrigan, A. M. Kelly et al, 1988, "Long-term Thyroxine Therapy Is Associated with
Decreased Hip Bone Density in Premenopausal Women," J4AMA, vol. 259, pp. 3137-3141.



Expert Review of Medsafe's pre-licensing assessment and pharmacovigilance activities for a new
farmulation of Eltroxin 50 mcg and 100 mcg Tablets 06 October 2009

Annex 4: Literature Reference 2

Bach-Huynh et al, J Clin Endocrin Metab 2009 Jul 7. [Epub
ahead of print]
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