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The mainstay of the pharmacologic management of hypo-
thyroidism is thyroid hormone replacement with
levothyroxine (LT4), usually for life. Feedback systems within
the hypothalamic-pituitary-thyroid axis are organised in such
a way that even minor alterations in the administered dosage
of LT4 can cause significant changes in the rate of secretion
of thyrotropin, the main hormone which regulates the activity
of the thyroid gland. LT4 has, therefore, been described as a
“narrow therapeutic index drug”. A new formulation (NF) with
tightened specification has been engineered in collaboration
with regulatory authorities to provide a more accurate and
reproducible dose of LT4 throughout the patient’s treatment,
compared with earlier formulations of LT4. Switching to
NF from an older formulation of LT4, therefore, helps to
maintain strict control of the level of exposure of the patient



10 « A New Formulation of Levothyroxine with Tightened Specification

to administered LT4 during long-term treatment, which is
crucial for maintaining a stable euthyroid state.

Introduction

Hypothyroidism arises when the secretion of thyroid hormones from the
thyroid gland (thyroxine [T4] and triiodothyronine) is insufficient to
meet the body’s needs. The severity of hypothyroidism is defined accord-
ing to thyroid hormone status, as described later in this chapter. Briefly,
current guidelines for the management of hypothyroidism recommend
that all patients with overt hypothyroidism and a proportion of patients
with subclinical hypothyroidism require thyroid hormone replacement
with levothyroxine (LT4), a pharmacological formulation of T4.-
Treatment is usually for life, particularly concerning a patient with overt
hypothyroidism, with periodic dosage adjustment to retain thyroid
hormone levels within range.*

LT4 is described as a “narrow therapeutic index” drug in that even
small variations in the administered dose of LT4 can induce clinically
significant disturbances of systemic thyroid function.® The need for long-
term accuracy, reproducibility and stability of the LT4 dosage during
long-term treatment has led regulatory authorities and pharmaceutical
companies to refine existing formulations of LT4.57 This chapter de-
scribes the therapeutic rationale for the development of a new formula-

tion (NF), which has been designed to meet these needs.

Why do we need an updated formulation
of LT4 to manage hypothyroidism?

Overview of the regulation of thyroid homeostasis

Multiple feedback loops regulate the activity of the thyroid gland.®
Briefly, thyrotropin-releasing hormone is released from the hypothalamus

to act on the pituitary gland to increase the secretion of thyrotropin
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(thyroid-stimulating hormone [TSH]). An increased circulating level
of TSH then acts on the thyroid gland to increase the secretion of
thyroid hormones (about 80% of which is T4, with the remainder being
triiodothyronine [T3]). The resulting change in the level of thyroid
hormones in the peripheral tissues impacts the function of every system
in the body (Figure 1).? Specific deiodinases within these tissues deacti-
vate thyroid hormones.

Anincrease in the thyroid hormone level also feeds back to the pituitary
to reduce the secretion of TSH (and vice versa, with a lower thyroid
hormone level increasing the secretion of TSH). In this way, a bal-
ance is achieved between the demand for and the secretion of thyroid
hormones. Notably, the relationship between thyroid hormone secretion
and TSH secretion is not linear: a given change in the level of thyroid
hormones causes an increase in TSH secretion that is up to about 100-fold
larger.'® This has significant consequences for the management of hypo-
thyroidism. Firstly, this is why TSH is used as the main clinical biomarker
for assessing thyroid function, as it is more practical to measure relatively
large changes in the TSH level, compared with much smaller changes in

Figure 1 Overview of important organs involved in thyroid homeostasis.
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12 « A New Formulation of Levothyroxine with Tightened Specification

the levels of thyroid hormones themselves, in the routine clinical practice
setting (see also Chapters 3 and 4 of this book for information on the
clinical management of hypothyroidism). Second, the nature of this feed-
back mechanism underpins the status of LT4 as a narrow therapeutic
index drug. The large level of amplification involved in this circuit means
that large and potentially clinically significant changes in the TSH level
may arise following even tiny adjustments in the dosage of LT4. For a pa-
tient with hypothyroidism, such a scenario would tend to mitigate against

the achievement of stable thyroid function during long-term treatment.!

LT4 as the mainstay of thyroid hormone replacement

T3 is the active form of thyroid hormone; T4 is converted to T3 in
peripheral tissues by deiodinases.'> The T3 then activates intracellular
thyroid hormone receptors, which translocate to the nucleus to influ-
ence the transcription of multiple genes, especially those involved in
metabolism and energy homeostasis. LT4 is preferred to preparations of
T3 for therapeutic use mainly due to their respective pharmacokinetics.
The plasma half-life of T4 is measured in days, compared with hours for
T3; accordingly, LT4 is suitable for convenient, once-daily oral dosing
with little change in circulating T4 levels during the dosing interval.'®
Chapter 8 of this book summarises the latest prospects for the thera-
peutic combination of T3 with NF for patients with hypothyroidism.

An increasingly challenging regulatory environment

Regulatory authorities began to revise their guidance for the pharmaceu-
tical industry on the pharmaceutical properties required for LT4 tablets
from about the beginning of the second decade of this century.® These
changes related to the accuracy of dosing and also to stricter standards
for bioequivalence with a reference LT4 product to ensure more consis-
tent absorption of T4 following ingestion of an LT4 tablet:

Accuracy and stability: The United States Pharmacopeia and
National Formulary changed their guidance from “Levothyroxine sodium
tablets contain not less than 90.0 percent and not more than 110.0 percent
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of the labeled amount of levothyroxine sodium” to “Levothyroxine sodium
tablets contain not less than 95.0 percent and not more than 105.0 percent
of the labeled amount of levothyroxine sodium”.** An expert in the field
noted at this time that the previous criteria of 90-110% potentially
“could result in differences in levothyroxine content approaching 20% from
refill to refill”.*> Other countries followed suit in subsequent years with
requirements for actual vs. stated dosages tightened to 90-105% in the
UK and 95-105% in France, for example,'” among others. Importantly,
these criteria apply to the entire lifetime of a given batch of LT4; the
French guidance, for example, states explicitly that the shelf life must be
reduced if necessary to meet the standard.

Figure 2 illustrates the practical consequences of these new specifi-
cations regarding the actual range of amounts of LT4 that can be deliv-
ered via the new and old formulations. Note that the old specifications
allowed considerable overlap between the actual content of adjacent tab-
let strengths if these were relatively closely spaced. In practice, this lim-
ited the number of dosage strengths that could be offered. The overlap

Figure 2 Ranges of permitted tablet content of levothyroxine (LT4) under newer and older
specifications for manufacture of levothyroxine tablets.
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is effectively removed according to the new criteria. As a result, tablets
of NF containing LT4 in 13 distinct strengths (25-200 pg) shown in
Figure 2 have been developed, providing enhanced flexibility and pre-
cision during initial dose titration and periodic adjustments in countries

where these are available.

Bioequivalence: Establishing formal bioequivalence between two
preparations of the same drug should ensure a minimum change in bio-
logical effect when switching a patient from one formulation to the other.
Bioequivalence is assessed by comparing standard pharmacokinetic pa-
rameters between the two preparations, especially the area under the
drug concentration-time curve (AUC), which is the principal measure
of overall exposure to the drug. For most drugs, the upper and lower
90% confidence intervals for the geometric mean ratio of the AUC values
for the two formulations must lie between 0.8 and 1.25 (often cited
as 80-125).'® Once again, the European criteria for new LT4 preparations
are stricter, with a permitted range of 90-111.11% for the geometric
mean ratio, consistent with its status as a narrow therapeutic index
drug.' In the United States of America (USA), a narrow therapeutic
index drug such as LT4 must meet both the standard 80-125% crite-
ria and additional criteria derived from a calculation based on the with-
in-subject variability of absorption of the drug.?°

Development and properties of T4
new formulation

Historically, most pharmaceutical preparations have included a small
amount of lactose as an excipient,?! as the physical properties of lactose
are well suited for constructing tablets containing low doses of an active
ingredient.?! The concentration of lactose used in medicinal formulations
is normally too low to cause problems for the great majority of patients,
even for people who are intolerant to lactose.?>?® For example, a
randomised trial in a population with confirmed lactose intolerance due
to lactase deficiency showed that ingestion of a tablet containing 400 mg
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lactose did not cause gastrointestinal side effects.>* Nevertheless, case
reports of gastrointestinal symptoms apparently associated with lactose-
containing tablets have been published.? The NF tablet no longer contains
lactose, as this has been replaced with mannitol and citric acid, which are
other common and safe pharmaceutical excipients. Thus, NF is suitable
for use for almost all patients with hypothyroidism, irrespective of their
tolerance to lactose, and physicians can reassure their patients concerning
this point.°

The inclusion of lactose also causes an additional problem associated
with a spontaneous chemical reaction that occurrs slowly over time be-
tween lactose and LT4. In fact, the product of this reaction, levothyrox-
ine-2-ketolactose, represents the main degradation product found, which
emphasises the extent of the benefit of removing lactose in terms of the
stability of the tablet. The shelf life of NF is 3 years in all climate zones,
having been improved from 24 to 36 months in some hotter areas. All
dosage strengths of the NF tablet meet the criteria for accurate dosing

Figure 3 Stability of the levothyroxine content of new formulation vs. old formulations.
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(described above) throughout this period. Figure 3 shows the improved
stability of the active LT4 content of NF versus the older formulation.

Absorption of the NF

NF meets the strict bioequivalence criteria applicable to narrow thera-
peutic index drugs. Moreover, dose equivalence has been established be-
tween different tablet strengths so that different NF tablets can be com-
bined to achieve a precise dosage, which can be useful when titrating the
LT4 dose. Moreover, the specificity and quality of NF tablets renders the
continuous use of these tablets imperative and makes even more strict
the recommendation to avoid interchanging with generic or non-NF
compounds. The studies underpinning these findings are described in

detail in the following chapter.?®

Summary and conclusions

The improvements made during the development of NF (summarised
together in Table 1) have the potential to add precision and convenience
during the initiation and maintenance of treatment for hypothyroidism

Table 1 Summary of improvements made during the development of a new formulation
of T4 (NF) in comparison with the older formulation.

Attribute Description
Lactose No longer used in NF tablets

Dosage accuracy Meets the specification of 95-105% of labelled tablet content at all
dosage strengths

Stability Shelf life of NF is 3 years in all climate zones (meets the above
specification throughout this time)

Clinical Meets enhanced European regulatory specifications relevant to narrow
therapeutic index drugs for bioequivalence with the old formulation®
Dose proportionality between tablet strengths facilitates combining
different strengths to achieve precise dosing?

Tablets Availability of up to 11 different tablet strengths from 25 ug to 200 g (as
per the older formulation) facilitates switching and precise titration of the
levothyroxine dose®
Two additional strengths of NF are planned

Discussed in greater detail in Chapters 2 and 4.
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for both the patient and their physician. Each can be confident that mov-

ing to the next tablet strength will indeed provide the promised incre-

mental increase in the LT4 dose, and that prescribing the next treatment

period will not incur significant variations between batches, irrespective

of how long the tablets have resided on the pharmacy shelf. Finally, the

availability of closely spaced dosage strengths and the ability to mix them

to achieve a desired total dosage provide a new level of flexibility and

precision for the prescribing physician.

References

1

Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the treatment of hypothyroidism:
prepared by the American Thyroid Association task force on thyroid hormone replacement.
Thyroid 2014;24:1670-1751.

Thyroid disease: assessment and management. NICE guideline [NG145]. November 2019.
Available at https://www.nice.org.uk/guidance/ng145/chapter/Recommendations
(accessed April 2020).

Pearce SH, Brabant G, Duntas LH, et al. 2013 ETA Guideline: Management of Subclinical
Hypothyroidism. Eur Thyroid J 2013;2:215-228.

Duntas LH, Jonklaas J. Levothyroxine dose adjustment to optimise therapy throughout a
patient’s lifetime. Adv Ther 2019;36(Suppl 2):30-46.

Drugbank Online. Narrow therapeutic index drugs. Levothyroxine. Available at
https://go.drugbank.com/drugs/DB00451 (accessed February 2024).

Lipp HP, Hostalek U. A new formulation of levothyroxine engineered to meet new
specification standards. Curr Med Res Opin 2019;35:147-150.

Kahaly GJ, Gottwald-Hostalek U. Use of levothyroxine in the management of
hypothyroidism: A historical perspective. Front Endocrinol (Lausanne) 2022;13:1054983.
Hoermann R, Midgley JE, Larisch R, Dietrich JW. Homeostatic Control of the Thyroid-Pituitary
Axis: Perspectives for Diagnosis and Treatment. Front Endocrinol (Lausanne) 2015;6:177.
Hennessey, JV (2021). Pharmacodynamic and therapeutic actions of levothyroxine. In:
Kahaly, G.J. (eds) 70 Years of Levothyroxine. Cham: Springer. Available at https://link.
springer.com/chapter/10.1007/978-3-030-63277-9_3 (accessed April 2024).

Razvi S, Hostalek U. Therapeutic challenges in the application of serum thyroid stimulating
hormone testing in the management of patients with hypothyroidism on replacement
thyroid hormone therapy: a review. Curr Med Res Opin 2019;35:1215-1220.
Gottwald-Hostalek U, Razvi S. Getting the levothyroxine (LT4) dose right for adults with
hypothyroidism: opportunities and challenges in the use of modern LT4 preparations
[published correction appears in Curr Med Res Opin. 2022 Oct;38(10):1784]. Curr Med Res
Opin 2022;38:1865-1870.

Sabatino L, Vassalle C, Del Seppia C, lervasi G. Deiodinases and the three types of thyroid
hormone deiodination reactions. Endocrinol Metab (Seoul) 2021;36:952-964.
Gottwald-Hostalek U, Kahaly GJ. Triiodothyronine alongside levothyroxine in the
management of hypothyroidism?. Curr Med Res Opin 2021;37:2099-2106.

United States Pharmacopeia and the National Formulary. Levothyroxine Sodium Tablets.
February 2010. Available at https://www.uspnf.com/sites/default/files/usp_pdf/EN/USPNF/
levothyroxineSodiumTablets.pdf (accessed February 2024).

Burman K, Hennessey J, McDermott M, Wartofsky L, Emerson C. The FDA revises
requirements for levothyroxine products. Thyroid 2008;18(5):487-490.


https://link.springer.com/chapter/10.1007/978-3-030-63277-9_3
https://link.springer.com/chapter/10.1007/978-3-030-63277-9_3
https://www.uspnf.com/sites/default/files/usp_pdf/EN/USPNF/levothyroxineSodiumTablets.pdf
https://www.uspnf.com/sites/default/files/usp_pdf/EN/USPNF/levothyroxineSodiumTablets.pdf

18 .

16

17

18

19

20

21

22

23

24

25

A New Formulation of Levothyroxine with Tightened Specification

Medicines and Health Regulatory Authority. Levothyroxine tablet products: a review

of clinical & quality considerations. 07 January 2013. Available at http://webarchive.
nationalarchives.gov.uk/20141205150130/http:/www.mhra.gov.uk/home/groups/pl-p/
documents/drugsafetymessage/con222566.pdf (accessed February 2024).

Agence Francaise de Sécrurité Sanitaire des Produits de Santé 2012. Commission
Nationale de Pharmacovigilance. Compte rendu de la réunion du mardi 27 Mars

2012. Available at https://archive.ansm.sante.fr/var/ansm_site/storage/original/
application/4e4d2a70e5dddfb150fe87360d6b13dd.pdf (accessed February 2024).
Chow SC. Bioavailability and bioequivalence in drug development. Wiley Interdiscip Rev
Comput Stat 2014;6:304-312.

European Medicines Agency. Levothyroxine product-specific bioequivalence

guidance. Available at https://www.ema.europa.eu/en/levothyroxine-product-specific-
bioequivalence-guidance (accessed February 2024).

Lechat P. Interchangeability between Generic and Reference Products: Limits of Average
Bioequivalence Methodology. Eur J Drug Metab Pharmacokinet 2022;47:777-787.

Shi C, Zhao H, Fang Y, Shen L, Zhao L. Lactose in tablets: Functionality, critical material
attributes, applications, modifications and co-processed excipients. Drug Discov Today
2023;28:103696.

Zdrojewicz Z, Zyskowska K, Wasiuk S. Lactose in drugs and lactose intolerance - realities
and myths. Pediatr Med Rodz 2018;14:261-266.

Mill D, Dawson J, Johnson JL. Managing acute pain in patients who report lactose
intolerance: the safety of an old excipient re-examined. Ther Adv Drug Saf 2018;9:227-235.
Montalto M, Gallo A, Santoro L, et al. Low-dose lactose in drugs neither increases breath
hydrogen excretion nor causes gastrointestinal symptoms. Aliment Pharmacol Ther
2008;28:1003-1012.

Gottwald-Hostalek U, Uhl W, Wolna P, Kahaly GJ. New levothyroxine formulation meeting
95-105% specification over the whole shelf-life: results from two pharmacokinetic trials.
Curr Med Res Opin 2017;33:169-174.


http://webarchive.nationalarchives.gov.uk/20141205150130/http:/www.mhra.gov.uk/home/groups/pl-p/documents/drugsafetymessage/con222566.pdf
http://webarchive.nationalarchives.gov.uk/20141205150130/http:/www.mhra.gov.uk/home/groups/pl-p/documents/drugsafetymessage/con222566.pdf
http://webarchive.nationalarchives.gov.uk/20141205150130/http:/www.mhra.gov.uk/home/groups/pl-p/documents/drugsafetymessage/con222566.pdf
https://archive.ansm.sante.fr/var/ansm_site/storage/original/application/4e4d2a70e5dddfb150fe87360d6b13dd.pdf
https://archive.ansm.sante.fr/var/ansm_site/storage/original/application/4e4d2a70e5dddfb150fe87360d6b13dd.pdf

