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2.5.1 PRODUCT DEVELOPMENT RATIONALE

The current Clinical Overview refers to a medicinal product containing Melatonin as active
substance in the form of oral solution and at the strength of 1 mg/ml. The product is
intended for oral use and will be indicated for (i) the short-term treatment of jet lag in adults,
(ii) sleep disorders in children and adolescents aged 6-17 years with attention-
deficit/hyperactivity disorder (ADHD), where sleep hygiene measures have been
insuffictent and (iii) the management of shift-work disorder (SWD) in adults. The
formulation of oral solution offers an alternative formulation option for paediatric and adult
patients who are not capable of shallowing tablets or capsules, thus, achieving an easier method
of administration and improved treatment compliance. The relevant Marketing Authorisation
Application is submitted under Article 10.a of Directive 2001/83/EC, as amended (Well-
Established Use [WEU] Application). According to Article 10.a of Directive 2001/83/EC as
amended, ‘the Applicant shall not be required to provide the results of pre-clinical tests or
clinical trials if he can demonstrate that the active substance(s) of the medicinal product have
been in well-established medicinal use within the Community for at least fen years, with
recognised efficacy and an acceptable level of safety’. Therefore, the test and trial results are
replaced by appropniate scientific literature.

According to Annex I of Directive 2001/83/EC as amended, where it is stated that for the
purpose of demonstrating that the constituent of a medicinal product has a well-estabhished use,
the following criteria should be taken into acecount:

a) the time over which a substance has been used with regular application in patients,

b) quantitative aspects of the use of the substance, taking into account the extent to which the
substance has been used in practice, the extent of use on a geographical basis and the extent to
which the use of the substance has been monitored by pharmacovigilance or other methods,

c) the degree of scientific interest in the use of the substance (reflected in the published
scientific [iterature) and the coherence of scientific assessments.

Therefore, a careful assessment of all these aspects has been performed by the Applicant, along
with all the clinical data found in the published literature related to the pbarmacology,
pharmacokinetics (PKs), efficacy and safety of melatonin in general but also more specifically,
for the oral route of administration.

Melatonin (N-acetyl-S-methoxytryptamine) is a neurohormone produced by the pineal gland
during the dark bours of the day-night cycle. Circulating leveis of melatonin vary in a daily
cycle, thereby regulating the circadian rhythms of several biological functions, including the
sleep/wakefulness cycle. As its production is tightly linked to the light/dark cycle, melatonin’s
main hormonal systemic ntegrative action is to coordinate behavioural and physiological
adaptations to the environmental geophysical day and season. The circadian signal is dependent
on its daily production regularity, on the contrast between day and night concentrations, and
on specially developed ways of action. During its daily secretory episode, melatonin
coordinates the night adaptive physiology through immediate effects and pnmes the day
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adaptive responses through prospective effects that will only appear at daytime, when
melatonin is absent. Similarly, the annual history of the daily melatonin secretory eiisode

duration irimes the central nervous (CNS)/endocrine system to the seasons to come

Melatonin secretion by the human pineal gland exhibits a pronounced age dependence.
Secretion is minimal in newborns; it starts during the 3" or 4™ months of life (coincident with
the consolidation of sleeping at night), increases rapidly at the age of 1-3 years and then
declines slightly to a plateau that persists through early adulthood. Nocturnal melatonin
secretion then starts a marked continuing decline in most people, with peak nocturnal levels in
most 70-year-old subjects only a quarter or less of what they are in young adults. Melatonin 1s
involved in numerous biological functions including synchronising circadian rhythms,
mcluding sleep-wake timing and blood pressure (BP) regulation, the stress response, aging,
immunity and the control of seasonal rhythmicity including reproduction, fattening, moulting
and hibemation. Its effects occur through activation of the melatonin receptors (MTs) or due
to its role as an antioxidant |

Melatonin or N-[2-(5-methoxy-H-indol-3-y})ethyl]acetamide (TUPAC) 15 a member of the
class of acetamides and tryptamines; more specifically, it is an acetamide in which one of the
hydrogens attached to the nitrogen atom is replaced by a 2-(5-methoxy-1 H-indol-3-yl)ethy!
group. It has the motecular formula C)3H)¢N202 and a molecular weight of 232.28 g/mol. In
its pure form, melatonin appears as an off-white odouress crystalline powder and does not

appear to exhibit polymorphism. It is very slightly soluble in water (0.01%) and diluted

Melatonin has obtained the ATC Code NOSCHO1 for being a nervous system, psycholeptic,
hypnotic and sedative, MT agonist for oral use (WHOCC ATC/DDD).
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Figure 1. Chemical structure of Melatonin.

Melatonin was first identified by Dr. Aaron Lerner and his team at Yale University in the late
1950s, as the pineal substance responsible for bleaching in frog skin. It was found to be the 5-
methoxy-N-acetylated derivative of serotonin or 5-hydroxytryptamin. For many years, it was
considered to be only a hormone of the pineal gland. As soon as highly sensitive antibodies to
indolealkylamines became available, melatonin was identified not only in pineal gland, but
also in extrapineal tissues. These included the retina, Harderian gland, gut mucosa, cerebellum,
airway epithelinm, liver, kidney, adrenals, thymus, thyroid, pancreas, ovary, carotid body,
placenta and endometrnium. It has also been localised in non-neuroendocrine cells such as mast
cells, natural killer (NK) cells, eosinophilic leukocytes, platelets and endothelial cells. This list



Applicant: Glenmark Pharmaceuticals Europe Limited | Product: Melatonin | mg/ml Oral solution

of cells indicates that melatonin has a unique position among the hormones of the diffuse
neuroendocrine system. It is found in practically all organ systems. Functionally, melatonin-

producing cells are part and parcel of the diffuse neuroendocrine system as a universal svstem
of response, control and organism protection [ RN

Melatonin is a well-studied human hormone, the pharmacological and toxicological profiles of
which being well-known. The role of melatonin as a therapeutic agent is well-established
within the European the Union (EU)/United Kingdom (UK), being tested in numerous large
clinical trials through the past decades, Melatonin as immediate release (TR) formulations has
been used both as medicinal product as well as food supplement since many decades in the
management of various sleep disorders in adults and children, namely in adults for short-term
treatment of jet lag, as well as other indicatons relative to 1ts circadian effects, such as insomnia

related to neurological disorders and shift work, as it resets disturbed circadian rhythms and
promotes sleep It is

an approved medicine in the EU/UK for more than 10 years. A prolonged-release formulation
containing 2 mg melatonin, Circadin®, has been registered in Enrope since 2007 for the short-
terro treatroent of primary insoronia characternsed by poor quality of sleep, tn patients aged >55
years ﬂ IR products in solid formulations have been also authorised for sleep
disorders in EU Member States and marketed since many years, with the first medicinal
roducts being authorised back in early 00’s, namely, Bio-Melatonin 3 mg Tablets

nd Melatonin-LEK-AM 1 mg, 3 mg and 5 mg
As far as the liquid dosage form of oral solution 1§ concerned,
it has to be mentioned that similar oral fo o] ] '

Vione oo | e ot sorwion I
elatonin Consilient Health | mg/kg oral solution
Other melatonin oral solution products, e.g.

Melatonin Unimedic Pharma 1 mg/ml oral solution
Melatonin Orifarm 1 mg/ml oral solution
and Voquily 1 mg/m] oral solution
EU. Most of the products have been approve

are also authorised within

ased on 10graphic applications.

In addition, melatonin has been marketed as a food supplement in many countries and has been
subject to regulatory opinion as such. Indced, following a request from the European
Commission, the Panel on Dietetic Products, Nutrition and Allergies (NDA) of the European
Food Safety Authority (EFSA) was asked to provide a scientific substantiation of a health claim
in relation to melatonin and alleviation of subjective feelings of jet lag . Due to
the endogenous role of melatonin within the body, it has been extensively researched both ir
vitro and in vivo across various species including humans. Furthermore, the extended vse of
melatonin for more than 10 years to numerous patients and heterogeneous populations as well
as the degree of scientific interest provide evidence of its well-known efficacy and safety
profile. Additionally, the indications and recommended posology of the proposed product are
strailar to those investigated in the scientific literature and recommended for the proposed
indications for EU/UK marketed IR products.
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Overall, melatonin meets the criteria for classification as a well-established drug substance for
which the Applicant is entitled to replace the results of non clinical studies and clinical trals
by appropriate scientific literature and appropriate bridging documentation, since:

Medicinal products containing melatonin have been used extensively in the EU/UK and
worldwide, for several decades, with demonstrated efficacy and safety. Approved
medicinal products for the treatment of jet lag disorder, insomnia im paediatric
populations with ADHD as well as management of shift work disorder arc already
present in European markets since the early 00’s and numerous food supplements are
also marketed. Safety and efficacy of melatonin in the proposed indications have been
also demonstrated in various clinical trials and can be considered as being well-
established within the Community as well as worldwide. These are confirmed by
extended data from the sciennfic literature and information of approved products’
Summary of Product Characteristics (SmPCs).

The use of melatonin formulations to numerous patients and heterogeneous
populations, the degree of scientific interest, the well-known efficacy and safety profile
of the active substance as well as the pharmaceutical form intended for authorisation
prove the WEU.

The indications and recommended posology of the currently applied melatonin oral
solution product are similar to those investigated in the scientific literature claimed by
already authorised products and recommended in clinical practice worldwide. Further
clinical trials have involved the use of melatonin also for the treatment of other sleep
disorders in adults and paediatric populations worldwide. The clinical aspects will be
presented and discussed in detail within this Clinical Overview. The findings of the
anima) studies are also in agreement with the human results.

In addition to the literature data, appropriate ‘bridging data’ are also included in the
submission application in order to show the relevance of the literature data used to
demonstrate the safety and efficacy of the actual product concerned. These will be
discussed in detail within Section '2.5.2 Overview of Biopharinaceutics’ of the current
Clinical Overview. Additionally, the selected excipients are well-known for their use
in the manufacture of pharmaceutical products and are vot expected to modify the
biopharmaceutics, in vivo performance, safety or cfficacy profile of the active
substance.

Considering the type of the present application as a WEU application according to Article 10.a
of Directive 2001/83/EC as amended, concerning Melatonin 1 mg/ml) oral solutiop, the
Applicant 1s not required to provide new (own) climical studies. Therefore, this Clinical
Overview is based on extensive and comprehensive published scientific literature review and
evaluation, related to the pharmacology, PKs, efficacy and safety of melatonin for the intended
clinical indtcations in the target age population groups. The objective of this Clinical Overview
is to critically evaluate the current information on the medicinal use of melatonin and to provide
a critical assessment whether this drug has the required effects in the claimed indication,
whether the recommended dosages per indication are suitable and whether the safety profile in
terms of contraindications, precautions and adverse events (AEs) has been established. In this
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respect, the Applicant has selected the most relevant studies/reviews which are used in the
Clinical Overview to support this Application.

Further to the above, the qualitative formulation of the product contains, apart from the active
substance, namely melatonin, also sorbitol 70%, propylene glycol (PPG), xanthan gum, citric
acid anhydrous, paraben methyl sodium, orange I[FF 3912, sodium citrate dihydrate, saccharin
sodium and purified water, as excipients. As mentioned, the excipients included in the proposed
formulation are commonly used ingredients for the formulation of oral solutions and are
compliant with Pharmacopoeial requirements where applicable. Since the medicinal product
under submission is also intended for paediatric use, namely in children and adolescents aged
6-17 years, elements of the EMA Guideline on pharmaceutical development of medicines for
paediatric use (EMA/CHMP/QWP/805880/2012 Rev. 2) (EMA Guideline paediatric
medicines, 2013) was also taken into consideration. The excipients used exhibtt a good safety
profile and have been used extensively in other commercially available formulations, including
other melatonin-containing oral solutions. All the amounts of excipients used are well below
the reported toxic doses and acceptable daily intake amounts.

For the impurities present in the batches of the drug substance as well as those of the final
product, please refer to the relevant parts of Module 3. Impurities in the active substance and
in the finished product do not pose any special concern from a toxicological point of view and
are in compliance with the European requirements. It can be recognised that the product under
approval, as applied, bas a comparable pharmaceutical quality as the similar products already
authorised in Europe.

As a result, the excellent efficacy and safety profile of the product under approval has been
confirmed in full agreement with the well-known biochemical properties of the active
substance and the authorised products throughout the world that contain melatonin as active
substance. For a detailed scientific bibliography to address the Clinical characteristics, please
refer to Module 5.

2.5.1.1 SEARCH STRATEGY

In order to cotnpile the Clinical Overview and demonstrate the well-established use of
melatonin, among the public domain knowledge, a literature review was performed aiming to
properly describe the relevant aspects regarding the pharmacology, PKs, efficacy and safety of
the product in humans. This Jiterature search has demonstrated that a broad experience exists
on the clinical use of oral melatonin. A survey of the pharmacological properties of the drug
is provided, as well as a detailed discussion on its efficacy and safety together with its overall
place in current clinical practice. A detailed search was conducted within the biomedical
databases; mainly in PubMed (http://www.ncbi.nlm.nih.gov/pubmed) standard database, o
[PCS INCHEM (www.inchem.org) database and also in the new locations of the former
ToxNet (http://toxnet.nlm.nih.gov/) database. PubMed comprises more than 35 million
citations for biomedical literature from MEDLINE, life science journals and online books.
Citations may include links to full-text content from PubMed Central and publisher web sites,
The former ToxNet tracks numerous databases within the US National Library of Medicine
(NLM), related to toxicology, hazardous chemicals, environmental health and safety
information (such as, Pubchem, ChemlIDplus, LactMed, LiverTox). [PCS INCHEM is a
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valuable tool for those concerned with chemical safety and the sound management of
chemicals. Other literature of pharmacological and toxicological interest has been searched by
using the current web engines, including sources such as EMA (European Medicines Agency),
US-FDA (Food and Drug Administration), Classification by the monograph of [ARC
(monograph on the evaluation of carcinogenic risk to human), the US NTP (National
Toxicology Programme), US OSHA (Occupational Safety and Health Administration), EFSA
(European Food Safety Authority) DART (Developmental and Reproductive Database), Safety
and Toxicity of Excipients for Paediatrics (STEP) database, World Health Organisation
(WHO), International Council for Harmomsation of Technical Requirements for
Pharmaceuticals for Human Use (ICH), and Joint FAO/WHO Expert Committee on Food
Additives (JECFA). The literature search included biomedical journals, medical literature and
textbooks of recognised scientific relevance. Pre- and postmarketing studies were taken into
consideration and special emphasis was put to include robust published literature.

At the first level, the review work included in the search the word “'melatonin’’. In a second
round, more specific keywords such as * ‘pharmacology’’, ‘‘pharmacokinetics’’, “efficacy’’
and ‘‘safety’’ were searched in relation to “‘melatonin’’. Alternatively, reviews and meta-
analyses were considered to identify other potentially relevant studies. The research was not
narrowed in terms of dates. The search was restricted o the English language; however, papers
written in another language, but with an abstract available in English were also considered.
Both favourable and unfavourable documentation is being presented.

The search followed these steps:

e Performance of the literature search based on the above search terms and identification
of the relevant studies from data sources like PubMed and others.

A primary screen through titles, and then, abstracts for the search criteria above.
Article selection based on their relevance to the topic.

Review and interpretation of the findings.

Based on findings, performance of additional and specific literature search aiming to
complete the overall understanding, when necessary.

The general principles of Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) were also constdered. PRISMA is a 27-item checklist primarily focusing on the
reporting of reviews evaluating the effects of interventions and aims to help authors improve
the reporting of original systematic reviews, updated systematic reviews or continually updated
(“living”) systematic reviews and systematic meta-analyses. Applicable items of the checklist
were also applied o the current clinical overview.

The exploration reported here, which chronologically covers from the early 1960s till present,
revealed that an extensive number of human studies exist defining the pharmacology, PKs,
efficacy and safety profile of melatonin 1 humans. Although some of the old studies reported
in publications mentioned in this report do not contain statements on compliance with Good
Clinical Practice (GCP) regulations, in view of the amount of cumulated knowledge (as per
February 2023, the term ‘mefatonin’ retrieved in the PubMed database over 30,900 results),
the ultimately reported findings were considered valid to support the Clinical aspects of
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melatonin. As these studies were published in peer-reviewed journals, there is no reason to
assume that a repetition of these studies under current requirements would produce
significantly different results.

2.5.1.2 INFORMATION ABOUT THE DISFASE

The International Classification of Sleep Disorders, Third Edition, defines Circadian Rhythm
Sleep-Wake Disorders (CRSWDs) as persistent or recurrent patterns of sleep disturbance due
primarily to one of the following: alterations of the circadian rhythm system or misalignment
between the endogenous circadian rhythm and exogenous factors that affect the timing or
duration of sleep. The circadian-related sleep disruption leads to insomnia, excessive daytime

sleepiness or both. CRSWDs can be broadly divided into exogenous and endogenous
subgroups (oo 1)

Table 1. Categorisation of CRSWDs _

Disorder Brief Description

Exogenous

Jet lag disorder Endogerous sleep-wake cycle is temporarily misaligned with the customary
deslination sleep-and-wake pattern following rapid travel across multiple time
Zones.

Shift work disorder Symiptoms of insomnia or excessive sleepiness thal occur in association with
work hours that overlap with the typical sle¢p period.

Endogenous

Advanced sleep-wake phase
disorder

Delayed sleep-wake phase
disorder

Irregular sleep-wake rhythm

Sleep-and-wake timing is advanced (i.e., earlier). usually by >2 h, than
required or desired times.

Sleep-and-wake timing is delayed, usvally by >2 h, relative w whart is
typically considered normal.

Neo clearly defined cireadian rhythm; sleep-wake pattern vanes rom day (o

disorder day.
Non-24-hr sleep-wake The intrinsic circadian pacemaker is not entrained to a 24-h light-dark cycle
disorder and the endogenous slecp-wake timing oscillates in and oul of phase wills the
typical 24-h sleep-wake pattem.
Jet lag

Jet lag, also known as “’circadian desynchrony’’, falls under the category of extrinsic
CRSWDs. It is a sleep disorder in which there is a mismatch with the body’s natural circadian
rbythm and the external environment as a result of rapid travel across multiple time zones and
is characterised by sleep disturbances, daytime fatigue, reduced performance, gastrointestinal
(GI) problems, loss of mental efficiency, weakness, urritability and generalised malaise. Jet lag
affects most air travelers crossing >5 times zones, the incidence and severity increasing with
the number of time zones crossed ||| GG R VTS
have been found to be significantly relevant to the effects of melatonin on jet lag _

This common problem affects all age groups but may have more pronounced effects on
the elderly, whose recovery rate is more prolonged than in young adults. Overcoming the
negative effects of jet lag requires adjusting the person’s sleep phase into the new time zone of
their destination, a concept referred to as “’sleep-phase shift’’. In view of melatonin’s clear
chronobiotic effect, its role in regulating clock-controlled circadian rhythms has been finnly
established. Thus, targeting the melatonin receptors for the purpose of shifting and stabilising

9



Applicant: Glenmark Pharmaceuticals Europe Limited | Product: Melatonin | mg/ml Oral solution

the circadian ihase, represents a compelling phammacologic approach _
Melatonin alleviates jet lag by its dual action as both a hypnotic and a chronobiotic -
I ' r<.i.ccs noctumal activity, position changes during

naps, modulates the circadian rhythm of the sleep-wake cycle and improves sleep efficiency
I 1hercfore, melatonin has long been used as an over-the-counter (OTC) aid
to assist with hastening sleep onset and treating symptoms of jet lag, with jet lag being the most
common application. Also, following a request from the European Commission (EC), the NDA
Panel of the EFSA concluded that a cause-and-effect relationship has been established between
the consumption of melatonin and alleviation of subjective feelings of jet lag
Many published guidelines of medical organisations, associations and institutions also promote
the use of melatonin in the treatment of jet lag, namely the American Academy of Sleep
Medicine (AASM), British Association for Psychopharmacology, Health Canada, Mayo
Clinic, the International Federation of Sports Medicine and the US National Academy of
Sciences

whereas treatment of jet-lag and other
CRSWDs is included in the approved Product Information (Pl) texts of several melatonin
formulations already registered for this indication, including the UK approved similar liguid
products.

Sleep disorders/Insomnia in ADHD

ADHD 1s commonly associated with diserdered or disturbed sleep. The relationships of ADHD
with sleep problems, psychiatric comorbidities and medications are complex and
multidirectional. Evidence from published studies comparing sleep in individuals with ADHD
with typically developing controls is mostly concordant for associations of ADHD with
hypopnoea/apnoea and peripheral limb movements in sleep or nocturnal motricity in
polysomnographic studies, increased sleep onset latency (SOL) and shorter sleep time in
actigraphic studies, bedtime resistance, difficalty with moming awakenings, sleep onset
difficulties. sleep-disordered breathing, might awakenings and daytime sleepiness in subjective
studies. Psychostimulant medications, such as methylphenidate, which are widely regarded as
first-line therapy for ADHD, are associated with disrupted or disturbed sleep (but also
‘paradoxically’ calm some patients with ADHD for sleep by alleviating their symptoms). Sleep
problems are a proyninent behavioural feature in childhood ADHD, with associations between
the two ranging from 25% to 50% to as high as 80% of
children with ADHD manifesting these difficulties i

In the majority of cases, ADHD in children and adults is associated with a circadian rhythm
disorder with delayed sleep onset. Treatment of insomnia should always start with sleep
hygiene education and optimising the stimulant or non-stimulant treatment of ADHD. Careful
titration of stimulants and psychoeducation around sleep optimisation can improve the quality
of sleep, possibly due to improved daytime structure, the maintenance of regular physical

activity and improved mood | S . 5o, published

guidelines of medical organisations, associations and institutions have stated the probable
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usefulness of melatonin for the treatment of sleep disturbances in ADHD. The Updated
European Consensus Statement on the diagnosis and treatment of adult ADHD (2019)
mentions that in children with ADHD and chronic insomnia, melatonin has been shown to
advance the sleep onset and increase sleep duration _ The Canadian Pediatric
Society (20]2) mentions that melatonin treatment for certain sleep problems in children and
adolescents can be useful in special populations. AEs due to melatonin use and
pharmacological therapy for sleep problems appear to be mild and self-limited and should be
considered only after a trial of sleep hygiene intervention Moreover,
in EU/UK, the use melatonin to treat sleep disorders in children and adolescents with ADHD
is already approved in registered liquid melatonin products; before that, the use of unlicensed
(“*off-label’") melatonin products was widely practiced in the clinical setting.

Shift work disorder

Shift work comprises work schedules that extend beyond the typical *“nine-to-five’” workday,
wherein schedules often comprise early work start, compressed work weeks with 12-h shifts
and night work. According to Arerican and European surveys, between 15 and 30% of adult
workers are engaged in some type of shift work, with 19% of the European population
reportedly working >2 h between 22:00 and 05:00. SWD is characterised by excessive
sleepiness and/or sleep disruption for =1 month in relation with the atypical work schedule.
Individual tolerance to shift work remains a complex problem that is affected by the number
of consecutive work hours and shifts, the rest periods and the predictability of work schedules.
Sleepiness usually occurs during night shifts and is maximal at the end of the night
ﬁ The findings of a recent meta-analysis illustrated that night-shift work was associated
with a decrease in urinary G6-sulfatoxymelatonin (a melatonin metabolite), while no significant
association was observed between night-shift work and the change of blood or sativa melatonin
level. Thus, night-shift work is associated with suppression of melatonin production, especially
among fixed night-shifl workers ||| | | N Scveral studies have indicated that both
melatonin production and slecp patterns are altered in shift workers. It was found that noctumal
melatonin was out of phase with sleep tnitiation in 8 of 9 permanent shift workers. Sunilarly,
another study noted a shift in melatonin chythm in permanent night-shift workers. An alteration
of the melatonin profile was seen in some shift workers, while in others, it was found to be
indistinguishable from those seen in day workers

Studies have associated non-standard shift work schedules and poor health outcomes, including
increased risks of diabetes mellitus, dyslipidaemia, hypertension, heart disease, peptic ulcer
disease and depression in shift workers. Moreover, non-standard shift work has been associated
with a variety of negative bealth outcomes and urologic complications, especially with
concurrent SWD. Further research into both pharmacologic and non-pharmacologic therapies
for SWD is needed to establish more definitive guidelines in the treatment of SWD in order to
increase productivity, minimise workplace accidents and tmprove quality of life for shift
workers. Research on non-pharmacologic strategies for improving sleep guality in shift
workers has focused mainly on behavioural therapy and sleep hygiene. Additionally, timed
light exposure has been proposed as a method of shifting circadian phase in nighttime shift
workers. Stimulants such as modafinil, caffeine and to a lesser extent methamphetamine have
been suggested as pharmacologic agents for those with SWD to combat sleepiness and improve

i
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psychomotor performance during night shifts. The use of sedative hypnotics for insomnia in
shift workers is risky and potentially contraindicated in hazardous working environments,
depending on the PKs of the drug. Although receiving melatonin or melatonin agonists prior

to daytime sleep may help insomma in night-shift worke effective dosage
and timing of melatonin administration remain variable

Nevertheless, published guidelines of medical organisations, associations and institutions have
stated the potential usefulness of melatonin for the management of SWD in adults. The AASM
published in 2007 a guideline for the Practice Paramecters for the Clinical Evaluation and
Treatment of Circadian Rhythim Sleep Disorders stating that melatonin use prior to daytime
sleep is indicated to promote daytime sleep among night shift workers. It further added that
compared to placebo, melatonin administration prior to daytime sleep after night work shift
improved daytime sleep quality and duration and caused a shift in circadian phase in some but
not in al] subjects, however failed to enhance alertness at night. Melatonin doses in these studies
ranged from 0.5 to 10 mg and from these data, effectiveness did not appear to correlate with
dosage strength or form In addition to this guideline, the British
Association for Psychopharmacology published an updated consensus statement on evidence-
based treatment of insomnia, parasomnias and circadian rhythm disorders

stating that there have been several reports on the use of melatonin in shift workers with
beneficial results.
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2.5.2 OVERVIEW OF BIOPHARMACEUTICS

As already mentioned, this is an application according to Directive 2001/83/EC as
amended, Article 10.a (so called WEU application), for melatonin oral solution at the
strength of 1 mg/ml, for (i) the short-term treatment of jet lag in adults, (ii) sleep disorders in
children and adolescents aged 6-17 years with ADHD, where sleep hygiene measures have
been insufficient and (iti) the management of SWD in adults. According to the EU legislation,
for a WEU application, there is not a requirement to submit proprietary PK or clinical studies
if the criterta set out in Annex | of Directive 2001/83/EC, as amended, are met. The
pharmaceutical form of the current formulation is actually a liquid oral solution, containing the
same active substance (i.e., melatonin) at the same strength (I mg/ml) and intended for the use
via the same route of admintstration as other currently authorised products in the EU/UK that
are used in clinical practice; also, several studies have utilised IR liquid and solid formulations
of melatonin and are published since decades. The indications and posology scheme are the
same as those recommended and used in the clinical studies quoted in the scientific literature
(utilising oral melatonin, IR formulations) and reflected in the SmPCs of the products approved
in the EU/UK markets and worldwide. A detailed evaluation of clinical efficacy and safety data
1s presented in Sections 2.5.3 and 2.5.4 of this Clinica) Overview.

Therefore, as basis for getting a marketing authorisation under Article 10.a of Directive
2001/83/EC as amended, no pew clinical data or dedicated bioequivalence (BE)/PK
studies are submitted. One should also have in mind that the product under submission is not
a generic claiming essential similarity to a specific/dedicated reference product, but a stand-
alone application for an [R melatonin-containing oral solution formulation. Thus, the
WEU application should include the best possible ‘bridge’ between the product applied for and
the published data, in order to make the judgement on whether the products included in the
clinical studies in the submitted literature and the products already authorised and marketed in
EU countrics can be scen as similar to the product applied for. Therefore, in addition to the
literature data, appropriate ‘bridging data’ are also included in the submission application, in
order 1o show the relevance of the literature used to demonstrate the safety and efficacy with
regards to the actual product concerned. These data, presented below, consist of evaluating the
composition and product physicochemical performance in basic in vitro tests as well as a robust
scientific justification based on the curent scientific knowledge as derived through a detailed
literature search and review.

Despite the fact that, as mentioned above the product is not generic claiming essential similarity
to a specific reference product but a stand-alone application WEU Application, an in vitro,
“’blowaiver-like’’ approach, utilising elements of the Biopharmaceutics Classification System
(BCS) was used for scientific bridging and the respective EMA Guideline on the investigation
of bioavailabijlity and bioequivalence (CPMP/EWP/QWP/1401/98/ Rev.l Corr**, 2010), as
well as the /ICH M9 guideline on biopharmaceutics classification system-based biowaivers
(EMA/CHMP/ICH/493213/2018) (EMA ICH M9, 2020) principles were considered. [n view of
this, the biopharmaceutic and PK properties of melatonin have been well evaluated by the
Applicant; in the following Sections, the main issues to be discussed are focusing on:

¢ the potential classification of melatonin as a Narrow Therapeutic Index (NTI) drug;
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o the crifical evaluation of current literature and scientific knowledge on the
biopharmaceutic/PK properties of melatonin and its BCS Classification;

o the assessment of formulation composition and in vitro dissolution characteristics of
the new product.

2.5.2.1 MELATONIN’S POTENTIAL CLASSIFICATION AS AN NTI DRUG

An important starting point for the efficacy, safety and similanity establishment of a mej}atonin-
containing medicinal product is whether the active substance should be considered and treated
as an NTI drug.

NTTI index drugs are defined by the US-FDA as those drugs where small differences in dose or
blood concentration may lead to dose and blood concentration dependent, serious therapeutic
failures or adverse drug reactions. Serious events are those which are persistent, irreversible,
slowly reversible, or life-threatening, possibly resulting in hospitalisation, disability or even

death [

NTI drugs generally have the following characteristics:

e steep drug dose-response relationship within the usual dose range or narrow span
between effective drug concentrations and concentrations associated with serious
toxicity,

e subject to therapeutic drug monitoring based on PK or pharmacodynamic (PD)
measures to ensure safe and effective use of the drug;

e small within-subjcct variabihity.

In pharmacological terms, NTT drugs are defined as less than a 2-fold difference in median
lethal dose (LDso) and median effective dose (EDso) or less than 2-fold difference in the
minimum toxic and minimum effective concentration in the blood

Melatonin is considered as being rather safe, as it is an endogenous substance that is well-
tolerated even when administered at high doses. The most commonly reported adverse
reactions of short-term melatonin use are nausea, headache, dizziness and drowsiness. In

clinical studies, melatonin at usual doses of up to 10 mg daily appeared to be well-tolerated in
poticnts I 1 v id not change by dose, the

presence or absence of a sleep disorder, type of sleep disorder, duration of treatment, gender,

age, formulation of melatonin, usc of concurrent medication, study design, quality score and
allocation concealment score — Melatonin doses of less
than 8 mg have reportedly caused heavy head, headache and transient depression. Most clinical
trials have shown that overall AEs of melatonin are insignificant and generally similar o those
found with placcbo [N > o o'
have been observed with melatonin when administered at reasonable concentrations, partially
as a consequence of its short half-life (t'4). However, high doses (240-1,000 mg/day)

administered 1o a small number of subjects were associated with hormonal changes that were
inconsistent among the different reports. A meta-analysis of 10 controlled trals (over 200

sublects) in which melatonin used for <3 months showed only scarce reports of AEs-

t4



Applicant: Glenmark Pharmaceuticals Europe Limited | Product: Melatonin | mg/ml Oral solution

[n any case, the SmPCs of the approved melatonin products include posologies of up to 6 mg
daily as being well-tolerated and there is generally no need to monitor blood levels. In
published clinical trials, even higher daily doses have been administered being also proven
safe. In these doses, no severe AEs have been observed in clinical or postmarketing
surveillance studics. Based on the above sum of evidence, it can be concluded that there is no
scientific evidence to consider melatonin as an NTI drug.

Overall, there is no scientific reason to classify melatonin as a ‘“Narrow Therapeutic Range
Drug’’, which would exclude 1t from bridging by applying * 'in vitro approaches’” according to
the US-FDA and EMA scientific guidelines.

2.5.2.2 BIOAVAILABILITY, BIOEQUIVALENCE AND BIOPHARMACEUTIC
CONSIDERATIONS

According to Article 10.a of Directive 2001/83/EC as amended, the Applicant shall not be
required to provide the results of pre-clinical tests or clinical trials (including bioavailability or
BE studies), if he can demonstrate that the active substance of the medicinal product has been
1 well-established medicinal use within the Commuuity for at least 10 years, with recognised
cfficacy and an acceptable level of safety. Therefore, this application should be supported by
published literature rather than proprictary studies carried out with the medicinal product under
discussion, since, indeed, melatonin oral forms have a history of wide clinical use for the
claimed clinical conditions in the EU/UK and worldwide for many decades and. definitely, far
beyond the required 10 years of use. However, evidence has to be provided that the suitability
of bibliographic data to demonstrate eligibtlity of WEU, through appropriate “’bridging’” with
the products administered in the published clinical trials and/or the products authorised in
EU/UK and used in clinical practice. This “’bridging’’ exercise is, most and above all, based
on a biopharmaceutic and PK thorough evaluation.

2.5.2.2.1 Bioavailability and bioequivalence issues

Despite the fact that, as mentioned above, the product 1s not generic claiming essential
similarity to a specific refercnce product but a stand-alone appfication for a new melatonin oral
solution formulation, the EMA Guideline on the investigation of bioequivalence
(CPMP/EWP/QWP/1401/98 Rev. 1/ Corr** 2010) has been consulted, in order to provide
adequate evidence of similarity of the products under review to other currently authorised
medicinal products oy products used in the clinical studies presented in the current Chinical
Overview, supporting the safcty and efficacy of orally administered melatonin. Moreover, in
order to understand the type and extent of “’bridging data™ and bibliographic documentation
needed to support the present ‘WEU-Application’, the processes of melatonin absorption and
factors that may have a critical impact on its bioavailability were carefully analysed.

2.52.2.2 Solubility, permeability and BCS attributes
Solubility

Melatonin appears as an off-white odouress crystalline powder that does not seem to exhibit
polymorphism. It is a rather borderline solubility substanc
with its water solubility being 0.01% or else 0.01 mg/ml In
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simulated gastric (pH 1.4) and intestinal fluid (pH 7.4), solubtlity was also low almost 3 mM

_ Other authors, however, state a higher aqueous solubility for melatonin in
room temperature at 0.4344 mg/ml ﬁ The solubility of melatonin is not

H-independent in the pH values found in the human GI tract ranging from 1.2 to 7.8 -
& This finding is in accordance with its physicochemical
properties indicating that it is non-ionasable || Furtber studies have
demonstrated that the solubility of melatonin is independent from dose (in a range of 5-20 mg)
and from taurocholate concentration (0.63, 1.25, 2.50 mmol). In order to increase its solubility,

the addition of PPG |} NN or surfactants | i» -1 aqucous

solution has been proposed.

According to the elements of the BCS _ a substance may be classified as
highly soluble if its dose-solubility ratio (D/S) is less thao 250 m] over a defined pH range. The
“dose” in this ratio was consistently defined as the highest dosage strength; however, the

current EMA definition of “dose” for compliance to the solubility criteria pertains to the highest
single dose administered as per the SmPC

[n the case of eral IR melatonin formulations, the standard dose is 1-6 mg of melatonin
daily. Therefore, in the case of melatonin, it may be calculated that, even with a solubility of
0.01 mg/ml, for 6 mg (i.e., the highest recommended dose for the proposed uses of melatonin),
the D/S is 60 ml (<250 ml). Although these calculations are not based on a formal solubility
study as per the EMA Guideline requirements, they may be adequate to assume that the ratio
is less than 250 ml, which means that the substance can be classified as highly soluble. Further
to the above, according to Ullmann’s calculations _ although melatonin is
slightly soluble in water, the dose number for a melatonin 5-mg capsule formulation is <1,
which classifies it as highly soluble active substance. The reason is that considering a volume
of 250 ml of water and a very low therapeutic dose, this substance is highly soluble as per
Amidon’s concept. In addition, during the evaluation of the data rega;dmg Clrcadm 2 mg

prolonged-release tablets, despite its bordedline aqueous solubility, mel ' ( S
highly soluble in accordance with the BCS due to the low tablet strength
Permeability

Regarding the permeability of melatonin, it has been found relatively high with a permeability
coefficient in water Kp = 7.20 + 1.43x10™*

considered melatonin as being a highly permeable drug. Further hiterature data also support that
the penmeability of melatonin is high (Table 2).

Table 2. Reported permeability values of melatonin.

Reference Melatonin Puysp A—=B (c's) Papy B—-A (cm/s) Efflux ratio (Pupp
dose B—A./Papp /\—B)
6.5 UM [2.5%10* - -
5 1M ~11.0x 10¢ - -
5 uM 11.56+2.00x]0¢ 1(.58+1.01=10"° 1.0

Usually, molecules with permeability >10 nm/s in the Caco-2 system (1x107¢ cm/s) are

classified as highly permeable and have intestinal absorption >90 % _
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I Other authors suggest a cut-off value of 100 nm/s (or else 10107 covs) . 1«
is reported that the overall ranking of compounds with P, <1x107® em/sec, between 1-10

%107 cr/s and >10x 107 cm/s can be classified as poorly (0-20%), moderately (20-70%) and
well (70-100%) absorbed compounds, respectivel According to Table 2 and the
data by all reported values from literature are

>10x107° cm/sec for melatonin indicating that the proposed product has high permeability and
therefore, all IR dosage forms would be expected to act in a similar manner.

Melatonin 1s completely absorbed when admintstered orally, although its absolute

bioavailability low due to a first-pass effect _

BCS Classification

The BCS is a scientific approach based on the aqueous solubuity and intestinal permeability
characteristics of the drug substance(s). It categorises drug substances into one of 4 BCS classes
as follows: Class I: high solubility, high permeability. Class 1I: low solubility, high
permeability; Class I1I: high solubility, low permeability; and Class IV: low solubility, low
permeabil ity GGG = 4 /CH M9 Guideline BCS-based biowaivers, 2020).

Having a rather borderline solubility and a high permeability, melatonin would be classified as
BCS Class 1I drug * However, as also reported above, it is classified as
highly soluble 1o accordance with the BCS criteria due to the low doses cluucally administered.
Therefore, taking the scientific literature data into consideration, melatonin is considered and

has been formally characterised as as both BCS and Biopharmaceutical Drug Disposition and
Classification System (BDDCS) Class I drug i
This categorisation has been also accepted within
previous WEU applications of other melatonin-containing oral IR tablet formulations .

as well as oral solutions -
within the EU
territory. Hence, no further solubshty or permeability data/expeniments are needed to confirm

the BCS Class of melatonin.

PK evaluation

Further to the above, in order to elucidate and cntically discuss the whole PK profile of
melatonin and be able to bridge the product with the literature data, the Applicant has
performed a thorough search in the scientific literature through which a wide vanety of PK
studies administering vanous doses of melatonin in various formulations and dosing conditions
was identified. These studies and a further analysis of their PK results are presented (tabulated)
in detail in Section ‘2.5.3././ Absorption and bioavailability’ of the current Clinical Overview.
Different oral dosage forms of melatonin have been used in the cited literature articles and
chnical trials; no differences are expected between the formulation under submission and the
formulations used in the literature articles or the already EU/UK-authorised ones; the majority
of the fmals have been conducted with IR solid forms, while some limjted data also exist with
liquid oral formulations or moditied-release products.
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Here, it has to be mentioned that melatonin also exhibits linear PKs. Indeed, the data from
the published studies by_ suggest that melatonin
has linear kinetics over the range of 1-10 mg (based on proposed methodology to assess
linearity as in EMA 2010 Guideline on the Investigation of Bioequivalence) (Table 3). In
particular, there is a trend for a more than proportional increase by increasing the dose;
however, it does not exceed the threshold of non-proportionality between the usual therapeutic
range of 1-10 mg. This finding is consistent with the SmPC of the centrally approved product,
Circadin® 2 mg, stating that kinetics js linear over the range 2-8 mg (SmPC Circadin).

Table 3. Assessment of the PK dose-proportionality of melatonin.

Dose (mg) AUC Dose-normalised AUC Ratio Linear
(ngxmin/ml) (ngxmin/ml x mg)
4 530.57 132.64 N/A N/A
2 237.77 118.89 89.63% Yes
Dose (mg) AUC Dose-normalised AUC Ratio Linear
{pgxmin/ml) (pgxh/ml x mg)
10 21,000.4 2.100.04 N/A N/A
[ 1.599 1599.00 76.14% Yes
0.3 459.9 1533.00 73.00% No
Abbreviations: AUC, area under the concentration-nme curve.

The linear PKs of melatonin has been also demonstrated for the oral dose range of 10-80 mg
by . _:t-. s o v d lincar PKs between 0.4 mg
and 4 mg following administration of two different oral surge-sustained release (SR) doses in
older adults. These data suggest, also, that a saturable first-pass hepatic metabolism may be
responsible for the apparent dose-dependent oral bioavailability in higher doses.

The existence of an extensive first pass cffect for melatonin has been also propoesed by -

their study found a markedly increased area under the concentration-time curve
(AUC) for the ratio of 6-sulphatoxymelatonin to melatonin in plasma after oral as compared
with intravenous (IV) administration (1313 vs 1+1), which can be explained only if one
assumes that there was considerable first-pass hepatic extraction after oral admintstration,
giving rise o the conversion of melatonin to 6-sulphatoxymelatonin and thereby. decreasing
the bioavailability of melatonin. Obviously, the trend towards a more than proportional
increase in the AUC, by increasing the dose, can be explained by the saturation of the first-pass
metabolism. As it will be discussed in the corresponding subsection of the Pharmacokinetics,
melatonin is mainly metabolised by the CYP1A2. For this isoenzyme, metabolism of most
substrates can be descnbed using the Michaelis-Menten equation, demonstrating saturation
kinetics. The saturable metabolism and subsequent nonlinearity is more obvious in high
doses of melatonin. For instance, some authors have commented that there is nonlineanty in
the PKs of oral melatonin, with the calculated plasma AUC following a 2.5-mg dose being

0.0014 pgxl/ml, while that following an 80-mg dose was 0.465 ugxh/ml, i.e., a 332-fold
difference in AUC corresponding to a 32-fold difference 1in doseb

However, the administration of an 80-mg dose falls outside the scope of the proposed product.
Indeed. as soen in the literature reviews of clinical trials [N
I <(udics providing evidence of efficacy and
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safety of melatonin in the treatment of jet lag involve mainly doses ranging from 0.5-6.0 mg,
in the treatment of sleep disorders in children with ADHD involve mainly doses ranging from
1.0-6.0 mg and for SWD doses in the range of 1-10 mg; 3-6 mg are utilised in most cases and
for all indications.

A detailed PK evaluation will be presented in the relevant Section 2.5.3.1.

Concluding, a generally low bioavailability of oral melatonin has been documented in a number
of studies, fluctuating main}y from 3% to 36%

Bioavailability presented a significant intra-individual vanability, as typically anticipated for
an endogenous substance. Moreover. the administration of different formulations also probably
accounts for the great differences observed in bieavailability. As mentioned, it s generally

agreed that the low biocavailability is caused by a considerable first-pass metabolism in the liver
“L Overall,

it can be observed that variability of PK parameters is relevantly high. Indeed, the PK
parameters (toaximum councentration [Cmex] and AUC) displayed extensive variation within
and between studies. The variations may obviously relate to interindividual differences in drug
absorption, distribution, metabolism and elimination but may also be confounded by
substantial variability in study designs/analytical methods. Other reasons accounting for these
variations are probably, low absorption from the Gl tract, an extenstve first-pass metabolism
in the liver or a combination of both. The vanable bioavailability of oral melatonin is, therefore,
not significantly related to differences in IR formulations but is rather due to the inherent
properties and endogenous level fluctuations of the substance.

2.5.2.3 COMPOSITION OF THE PRODUCT, QUALJTY ATTRIBUTES AND /N VITRO
BRIDGING DATA

In order to fully investigate the product under submission, namely Melatonin | mg/mi oral
solution, and achieve the best possible bridge between the product applied for and the published
data, the Applicant has based their development on actual approved formulations and
performed in vitro studies investigating critical quality attributes that may affect the in vivo
performance of the formulation. An overview is presented below, whilst description and results
can be found 1n Module 3.

2.5.2.3.1 Formulation composition, excipients investigation and in vitro dissolution

The medicinal product under review contains melatonin (I mg/ml) in the form of (IR) oral
solution. For the purpose of bridging the literature findings to the proposed formulation, the
Applicant has performed a thorough investigation in order to identify the similar/appropnate
products and substantiate the bridging to the literature data.

Given that some excipients may affect the in vivo behaviour of active substance, as a first step
the Applicant has given emphasis in achieving close similarity, in terms of qualitative
composition to other widely used and currently authorised melatonin oral solution
formulations, containing the same amount of melatonin. In this context, the Applicant
identified the qualitative compositions of similar products, mainly focusing on the UK
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approved ones (Table 4). Evidently, the proposed product is in the same pharmaceutical form,
intended for use via the same route of administration and contains melatonin in the same
strength as other approved formulations. The products of Table 4 have been authorised under
the WEU legal basis.

Table 4. Qualitative and quantitative (where available) composition of representative
authorised melatonin IR liquid formulations within the EU/UK, as derived from the respective
SmPCs (source: www.mhra.gov).

Indications Pasolopy Excipients
Short-tlerm frearment of Standard dose: 3 mg daily PPG (E)520) (150.50
jet lag in adults for a masimuin of S davs, mg/ml)
which may be increased to Sorbitol liquid (E420)
6 mg if the siandard dose (140 mg/ml)
does not adequately Sucralose (I¥955)
alleviate symptoms. The Strawberry flavour
dose that adequatcly {including PPG)
alleviates symptoms should tHydrechloric acid,
be 1aken for the shortest concentrated (E507)
pertod. The first dose Purified water
should be (aken on arrival
destination at the habitual
bedtime.

Steep onset insomnia in Recommended starting

children und adoleseents dose: 1-2 mg (1.0-2,0 ml)

aged 6-17 years with 30-60 min before bedtime.

ADUD where slecp The dosc of melatonin can

hygiene measuses have be increased by | mg (1.0

been inadequate, ml) overy week until etfecl

up 10 a maximum 5 mg (5
ml) per day. independent of
age. The lowest effective
dose that controls
symptoms should be given,

Short-term treatment of Recommended dose: -5 Glycerol (E422)
jet tag in adult ravellers mg | h before bediimic at Sorbic acid
flying across 25 time destination. Methy!

zones. particularly in am parahydroxybenzoate
casterly direction, and (E218) (1 mg/ml)
especially i they have Sodivm hydroxide
experienced jet lag (for pH adjusiment)
symptoms on previous Purified water

journeys. Travellers
crossing 2-4 time zoney
can use it il need be.
{nsomnia in children and 1-2 ml (cquivalent to 1-2

adolescents aged 6-17 mg) 30-60 min before

years with ADHD, where | bedtime. The dose should
sleep hygiene measures be adjusted individually to a
have been insufficient. maximum of 3 ml

(equivalent to S mg) daily
regardless of age. The
lowesl effeciive dose should

be sought.
As Melaronin Consilient As Melalonin Consilient Glycerol
oral solution ora} selution Sorbic acid
Methy!
parabydroxybenzoate
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Indications Posology Excipients
(E218)
Sodium hydroxide
(for pH adjustment)
Purified water

As Metatonin Consilient As Melatonin Consilient PPG (150 mg/ml)
oral solulion oral solution Sorbitol liquid (E420)
(140 mg/m))
Sucralose (E955)

Strawberry flavour
Hydrechloric acid (for
pH adjustment)
Purified water

As Metatonin Consilient As Melatonin Consilient PPG (E1520) (150
oral solution oral solution mg/ml)
Sarbitol liquid (non
crystallising) (E420)
(140 mg/ml)
Sucralose (E955)
Strawberty flavour
{iacluding PPG)
Hydrochloric acid (for
pH adjustmeni)
Purified water
Abbreviations: ADHD, Attention Delicil Hyperaclivity Disorder: MAH, Marketing Authorisation Holder; PPG. propylene
glycol; UK. United Kingdom; WEW, Well-Established Use:.

Excipients have been traditionally thought of as being inert, but some of them may have a
significant impact on the ultimate pharmacological availability of a drug substance when added
to a formulation. The magnitude of this effect will depend on the characteristics of the drug
and on the quantity and properties of the cxcipients. According to the EMA Guideline on the
investigation of bioequivalence Doc. Ref.: CPMP/EWP/QWP/1401/98 Rev. 1/ Corr** (EMA,
2010), excipients that might affect bioavailability, should be identified as well as their possible
impact on drug sotubility, GI motility, susceptibility of interactions with the drug substance
(e.g., complexation), drug permeability and interacion with membrane transporters. Although
the impact of excipients in IR dosage forms on bioavailability of highly soluble and completely
absorbable drug substances (i.e., BCS-class I) 1s considered rather unlikely it can not be
completely excluded. This is why typically, excipients that might atfect bioavailability should
be qualitatively and quantitatively the same 1o the test product aad the reference product in
BCS-based biowaiver approaches. In a similar way, since the Article 10.a legal basis is pursued
in our case, the composition similarity as far as possible to the currently authorised products
and those most commonly reported in the published clinical trials was targeted, as this consists
of the main bridging strategy between the proposed formulation and the products in market
with an established efficacy and safety clinical record.

[o order to achieve similarity as far as possible to the atready marketed formulations, the
Applicant has referred to the composition of approved melatonin oral solutions and has
performed pre-formulation studies i order to choose the excipients of the final formulation as
well as in vitro studies investigating the performance of the formulation (please also refer to
Module 3). The excipients tested are well-known excipients, which have been used in other
already marketed products contatning melatonin or generally in oral solutions and comply with
relevant pharmacopoeial monographs. The final choice was also based on the process to be
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used and the ease with which the target quality characteristics could be obtained. The
formulation was developed in order to be close to the already marketed products, with close
comparability in composition (especially in terms of potentially ‘critical excipients’) and
specific attention to the applicability also in the paediatric population. The qualitative and
quantitative composition of the formulation product under current submission is provided
below (Table 5).

Table 5. Qualitative and quantitative (quantities per 1 ml) composition of Melatonin | mg/m)
Ora] solution.

From the qualitative compositions presented in Tables 4 and 5, qualitative similarity between
the test product and authotised formulations is self-evident; most excipients contained in the
proposed formulation product are qualitatively and in the case of sorbitol and PPG, also
quantitatively similar to other approved products. Compatibility is acknowledged since these
excipients were extensively used in other similar melatonin formulations. All aspects related
to a) the potential impact of each and every excipieat on the in vive behaviour of the active
substance melatonin and b) the potential safety of the excipients, are carefully and explicitly
discussed, based on the current scientific knowledge and published literature. The results of
this evaluation are bniefly presented below. The safety of the used excipients is also extensively
addressed in Section 2.5.5.5 Safety of excipients’ of the present document.

The potential impact of excipients on the /n vivo absorption/behaviour of melatonin is
investigated and briefly presented below:

22



Applicant: Glenmark Pharmaceuticals Europe Limited | Product: Melatonin | mg/ml Oral solution

Citric acid anhydrous and Sodium citrate dihydrate

Citric acid is mainly used in formulations as either the anhydrous material or as its sodium saft
to adjust the pH of solutions. Citric acid, although water soluble and anionic, is not expected
to significantly affect the transport of melatonin, since melatonin is uncharged at physiological
pH

There are perhaps at least three mechanisms that citric acid or its salt can potentially impact
drug absorption: dissolution arent drug
permeability via pH-partition hypothesis and
modulation of membrane permeability can mmprove the
dissolution profile of weakly basic drugs by lowenng the pH of the surrounding environment
within the GI tract. Specifically, lowering of the pH would deliver more protons to aid dru
speciation to the more ionised state and thus, promote weak base solubilisation i
However, changing the surrounding pH is not likely
impactful for mefatonin since it is already a highly soluble neutral compound.

While solubilisation generally is promoted by drug ionisation, permeation is generally
promoted by the peutral species. For a weakly basic drug, the higher proportion of unionised
drug within the gastrointestinal tract due to the pH-raising effect of sodium citrate may increase
the apparent drug permeability via the pH partition hypothesis . However,
changing the surrounding pH again is oot Ukely umpactful for melatorin permeability since as
reported melatonin 18 uncharged at physiological pH and i1s a BCS Class 1 drug alread
demonstrating high membrane permeability and rapid absorption. In this vein, ﬁ
examined the ability of citric acid and tri-sodium citrate to increase the membrane
permeability of oral protein formulations in Caco-2 monolayers and rat intestinal tissue.
Findings showed that citric -acid's ability to significantly enhance permeation ir viro and ex
vivo via calcium chelation is very low. Calcium ions are required to form tight junctions. Citrate
has multivalent-cation sequestration capacity that depends on the pH conditions of the
surrounding environment. Formulations containing citric acid, which lower the pH, primarily
dissociated into a non-dominant chelating species. Thus, this approach was not a potent

chelator of calcium ions; tight junctions remained intact and did not cause any changes in
swsorpion [

Overall, following a thorough bibliographic search in the public domain, no reports on citric
acid having any effect on oral absorption and/or bioavailability of highly soluble/highly
permeable drugs were identified. Since the current formulation is an oral solution in which
melatonin 1s already dissolved at the time of administration, any potential impact of excipients
on the solubility of the active substance is negligible. Melatonin also shows a high membrane
permeability with rapid absorption rate, which suggests the absence of any influence on its in
vivo bioavailability by citric acid or its sodium salt.

Orange IFF 3912

Based on information trom the open literature, no specific data are available indicating any
probability of the flavoring agent to disrupt the Gl transit time, motility or drug absorption and
permeability of melatonin in any way, when orally administered at doses regularly employed
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in pharmaceutical dosage forms
Hence, no alterations of the rate of melatonin absorption and systemic bioavailability
are expected.

Paraben methyl sodiunm

Preservatives like methyl paraben and propyl paraben, are not likely to have any effect on
membrane permeability or absorption potential of melatonin. An extensive literature research
performed revealed the absence of reports suggesting that parabens may influence in any way
the bioavailability of either BCS Class I or IIT drugs. No reports exist also suggesting potential
effects of parabens on the in vivo solubility of other drugs, GI transit time and gut motility as
well as effects on membrane protein transporters. It can be, therefore, suggested that methyl
paraben is not considered a critical excipient for drug absorption, which is further supported
by the publicly available evidence in the scientific literature.

In the proposed melatonin formulation, methyl paraben is included in a very small amount and
is, thus, considered practically mactive in vivo. No effect from the inclusion of methyl paraben
on the in vivo performance of the proposed melatonin oral solution is expected, and there is no
reason whatsoever to suppose that the current formulation will deviate in any way from the
safety and efficacy record of the already authorised melatonin formulations. Of note, methyl

araben is also present in other authorised melatonin oral solutions || GcGczG
NN . 0 mpact o the n

vivo behaviour of melatonin is expected similarly to the other already marketed melatonin oral
solution products, having been approved based on successful bridging to IR melatonin
formulations within scientific literature.

Propylene glycol (PPG)

PPG has been shown to affect brush border enzyme activities and nutrient uptake in the small
intestine, as a result it has been proposed that intestinal absorption of drugs could be affected
by the solvent. In a study it was reported that 0.5% PPG had no significant effects on transport
of digoxin (BCS Class ITI) across an inverted rat gut sac in vifr'o. In another study, it was shown
that a 2-g oral dose of the excipient did not significantly affect antipyrine (BCS Class I) or

ampicillin (BCS Class I111) bioavailability or gastric emptying time or small intestinal transit
time in dogs ﬁ Therefore, o AE is
anticipated in the absorption of melatonin even following administration of the maximum
dosage which equivalents to 900 mg PPG.

The effect of PPG on permeability of varioys compounds has been also investigated in Caco-
2, where the tested concentration was 1.5%. It has been shown that PPG does not affect
permeability, even of Jow permeable compounds . The PPG
content of the test formulation 1s, therefore, not expected to raise any concern regarding active
substance absorption and permeability.

Taking into considaration that melatonin is a highly soluble substance (BCS class 1 drug
substance) and the proposed formulation 1s an oral solution Cﬁiﬁlilii iiii Ii iiiliiii l Iiii
mg/ml) similar to other marketed melatonin oral solutions

24



Applicant: Glenmark Pharmaceuticals Europe Limited | Product: Melatonin | mg/ml Oral solution

I o significant impact on this excipient on the biopharmaceutic properties and in vivo
behaviour of melatonin is anticipated.

Saccharin sodium

Saccharin sodium is a strong organic acid almost completely ionised at physiological pH. Tt
has nearty complete absomption from the gut (about 3% is recovered in the faeces in humans
after normal and high doses) and is rapidly eliminated unchanged in the urine

I studics has shown that saccharin may disrupt intestinal epithelial cells barrier function
in vitro, increase paracellular permeability and decrease transepithelial electric resistance
(TEER) via a non-cytotoxic mechanism _ However, contrary to the studies
done at the cellular level, saccharin did not increase gastric inhibitory polypeptide (GIP) and

glucagon-like peptide-1 (GLP-1) in rats despite the fact that the concentrations_of the
sweeteners used in the study were 1,000-fold in excess of the amount used in diet soda

Previous studies _ also aimed to i1dentify the
effects of artificial sweeteners (AS) such as saccharin on the GI tract to determine whether they
could be playing a role in GI symptoms in persons with imtable bowel syndrome (IBS). They
found no studies on the effects of AS on GI symptoms in the general population, or more
specifically in TBS patients. ﬁhypothesiscd that AS have the potential to
affect the GI system since AS can interact with sweet taste receptors in the GI tract. While AS,
like nutritive sugars, interact with gut sweet taste receptors, in vivo research collectively
supports that this interaction does not lead to clinically relevant changes in GI health. In a
recent review,_ reported that human gut exposure to AS consistently fails

to replicate any of the effects on gastric motility, gut hormones or appetitive responses evoked
by caloric sugars. Likewise, the majority of in vivo laboratory antmal research showed no

clinically meaningful changes in Gl hormones associated with taste receptor activation by AS,
including saccharin I ..

resecarch demonstrates the safety of AS in both humans and animat models and led to the
approval of these sweeteners as food addttives by regulatory agencies. It should be noted that
many studies reviewed by regulatory agencies around the world have particularly assessed the
potential for effects on GI heath and found them to have no effect. This is based on numerous
types of measures, including, for example, evaluation of hematologic and biochemical
analyses, macroscopic and microscopic examination of GI tissues. The collective )iterature,
therefore, clearly supports that human consumption of such AS s without AE on GI health and
function ﬂ

[n the proposed melatonin formulation, saccharin is included in a small amount, which is not
expected to affect gastrointestinal motility or any of the absorption processes of the active
substance and is thus considered practically inactive in vivo. No effect from the inclusjon of
saccharin sodium on the in vivo performance of the proposed melatonin oral solution is
expected and there i1s no reason whatsoever to suppose that the current formulation will deviate
0 any way from the safety and efficacy record of the already authorised melatonin
formulations.
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Sorbito!

Sorbitol is well acknowledged as one of the excipients that might affect the GI transit. For this
reason, regarding oral solution, the EMA Guideline on the investigation of bioequivalence
(CPMP/QWP/EWP/1401/98/Rev. | Corr**) (EMA. 2010) recommends: “If the test product is
an aqueous oral solution at time of administration and contains an active substance in the
same concentration as an approved oral solution, bioequivalence studies may be waived.
However, if the excipients may affect gastrointestinal transit (e.g., sorbitol, mannitol, eic.),
[...]. a bioeguivalence study should be conducted, unless the differences in the amounts of these
excipients can be adequately justified by reference to other data. The same requirements for
similarity in excipients apply for oral solutions as for Biowaivers.....”. Further
recommendations in same Guideline Appendix I, section [V.2 on excipients state: “‘As a
general rule. for both BCS-Class I and I drug substances [...] Excipients that might affect
bioavailability should be qualitatively and quantitatively the same in the test product and the
reference product.”

The effect of sorbito! on drug bioavailability may vary among compounds of low and high
intestinal permeability, with drugs of low permeablhty (BCS class IIT drugs) showing in some
cases diminished bioavailabili
ractically unaffected

the osmotic effect may have a higher impact on the absorption of fow permeability drugs. In
general, the 1ssue of “active” excipients is particularly relevant for BCS class ITT drugs becausc

these compounds often exhibit site-dependent absorption properties and trapsit time through
specific regions of the upper intestine may be critical for drug absorption _

However, the effect of sorbitol is dose- and drug-dependent and not all BCS Class TIT drugs
oy e stccred R

respect, for the two BCS Class I drugs, lamivudine and ranitidine the solution formulations
showed diminished oral bioavailability in presence of sorbitol
, Whereas cimetidine and acyclovir (BCS class II1), did not show any changes in
pharmacokinetic profiles due to sorbitol On the other hand, the
effects on BCS Class I drugs are generally absent, with drugs such as theophylline and

metoprolol, being basically unaffected by sorbitol, even in cases where very high amounts of

All of the above is also reflected in the EMA published Questions & Answers on Clinical
Pharmacology and Pharmacokinetics. Based on the -then- available literature data, EMA had
arbitrary set a theoretical limit of 1.25 g as a single dose ‘threshold’ for the sorbitol effect on
drug bioavailability. In this Q&A dynamic list of questions, it is actually stated that the best
estimate of a single dose threshold for the sorbitol effect on drug bioavailability 1s probably
around 1 g, affecting all drug BCS classes, but mainly low permeability drug substances (BCS
[T and TV). It also needs to be recognised that sorbitol intolerance 1s largely described in the
literature. This means that a dosé¢ effect relationship cannot be established uruversatly due to
individual susceptibility. However, more data has to be collected to determine the actual
threshold by exploring sorbitol doses lower than | g N Vith modeling and
simulation approaches, it has been estimated that sorbitol levels of less than 400 mg had minor
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effects on the PKs of the most sensitive drugs, indicating a provisional no-effect threshold dose

[n view of the above, it is evident that sorbitol is a “critical excipient’ that might significantly
aftect the performance of certain medicinal products. As melatonin is BCS class I and exhibits
a rapid and almost complete absorption and the amount of sorbitol (140 mg/ml) used in the
formulation is small, no concerns regarding its biopharmaceutic impact on the bioavailability
of the proposed melatonin formulation are expected to be raised. Indeed, for the clinically
administered doses (i.e., 840 mg, taking the maximum daily dose of 6 mg or else 6 ml of oral
solution into consideration), the ingested sorbitol amount is below the *’threshold’’ set by the
EMA. Last but not least, sorbitol is also present in the other authorised melatonin oral solutions
in the same amount; therefore, no impact on the /n vivo behaviour of melatonin is expected
similarly to the already marketed melatonin oral solution products

, having
been approved based on successful bridging to IR melatonin formulations within scientific
literature.

Xantham gum

There arc no indications in the published scientific Jiterature that xanthan oum has any
siiniﬁcant hniact on either Gl motilii or ierrneabiii‘ry of the drug ﬂ

A recent study by_ investigated the impact of two thickeners, modified maize
starch and xanthan gam on dissolution rate and bioavailability of levetiracetam, 2 BCS Class |
drug. New Zealand albino female rabbits were divided into control and test groups. Powdered
levetiracetam tablets were mixed with water thickened with xanthan gum (n=9, 1.2%, 2.4%,
3.6%) at three thickness levels and administered to the rabbits by intragastric gavage. No
significant difference in total amount of levetiracetam absorbed (AUC) was found between
groups (P=0.215 and P=0.183 for AUCo-» and AUCuq, respectively). These results suggested
that regardless of the thickness level, the administration of levetiracetam with xanthan gum
does not affect the PK behaviour and thus, the bioavailabifity of the drug.

In the proposed melatonin formulation, xanthan gum 15 used in small amounts, which is not
expected to affect any of the absorption processes of the active substance. Given the fact also
that melatonin 1s a BCS Class I drug, no effect from the inclusion of this inert excipient on the
in vivo performance of the proposed melatonin oral solution is expected.

Overall, the qualitative and quantitative similarity of composition with currently
authorised products leads to the conclusion that no difference in in vivo behaviour of the
under-submission product compared to the registered ones is anticipated. As mentioned,
a thorough safety evaluation has been also performed for the contained excipients; no
significant safety 1ssues related to the excipients are anticipated even for the intended paediatric
population as it is further analysed in Section 2.5.5.5.

The important quality charactenstics of the active substance and finished product are well-
defined and controlled, and the product is formulated, manufactured and controlled in a way
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that is characteristic for this specific type of formulations. In this context, the submission
dossier of Melatonin 1 mg/ml oral solution includes all necessary evidence (e.g., analytical,
manufacturing, stability data etc.) clearly demonstrating the high quality of the product. The
finished product specifications proposed for the test product are in accordance with European
Pharmacopoeia and [CH guidelines. Thus, there are no outstanding quality issues which may
have a negative impact on the benefit/risk balance. The detailed results of these tests are
presented in the relevant sections in Module 3 of the current submission dossier.

An additional issue of discussion is the actual release of the drug from the pharmaceutical form.
Indeed, in terms of PKs, the fact that the drug is already in a dissolved state, as the dosage form
refers to an oral solution, has to be investigated in terms of potential effect on its PK behaviour
and as a result, its therapeutic performance, in terms of efficacy and safety. This is also
important, given the fact that the liquid formulation needs to be ‘’bridged’ not only to
simjlar/regisnered liquid products but also to solid forms (solid IR formns were usually
administered in published PK and clincial trials).

The Applicant performed in vitro dissolution studies in order fo compare the refease profile of
marketed melatonin-containing solid medicinal products (tablets) vs the developed drug
product formulation (oral solution) under current submission in which melatonir, the dmi

substance. is already dissolved. For these studies. three marketed products, namely
I | o: (hc srength of 3 mg/iablet, and

three batches of Melatonin oral solution were tested under three pH conditions, i.e., 0.1N
hydrochloric acid (HCI), phosphate buffer pH 4.5 and phosphate buffer pH 6.8. The
reasurements were performed by means of the in-house validated analytical dissolution
method. The dissolution studies have been conducted according to the recommendations of the
EMA Guideline on the investigation of Bioequivalence (CPMP/EWP/QWP/1401/98 Rev. 1/
Corr**, EMA 2010). A summary of results of the in vitro dissolution studies is presented
below: for detailed data please refer to Module 3.

Table 6. Dissolution profiles of the marketed products_

and the batches of the test product Melatonin 1

mg/ml Oral Solution in 0.1N HCI, phosphate buffer pH 4.5 and phosphate buffer pH 6.8.
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The comparison of the dissolution profiles of the marketed products (Melatonin tablets) vs the
developed drug product (Melatonin 1 mg/ml oral solution) concluded to the abovementioned
results. As more than 85% of the drug is dissolved within 15 min, dissolution profiles are
accepted as similar without further mathematical evaluation. Those results show a complete
release of the drug substance, melatonin, before [5 min under all conditions tested in all
products, irrespective of their nature. Hence, the products could be considered comparable.
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Figure 2. Graphs comparing the dissolution profiles of the test product Melatonin | mg/ml oral
solution (Batch No.: with the three marketed products_
at the tested dissolution

media, as recommended by the EMA Guideline.

I[n addition, n the Section of Pharmacokinetics (2.5.3.1) of the current Clinical Overview, the
most relevant PK studies with IR formulations and with the intended dosing are presented,
reviewed and thoroughly discussed. It has, however, to be mentioned that formulations
administered in those PK studies are mostly melatonin-containing food supplements or nurse-
prepared formulations, liquid and solid capsules or tablets and not branded EU-approved
medicinal products. This means that the exact formulations administered cannot be retrieved
in order to perform a proprietary in vitro comparison; this is also the case for the majority of
chnical frials being conducted with administration of solid melatonin IR forms. Based,
however, on the overall conclusions of these published data, it can be observed that the
variability of PK parameters is rather high. This vanability of oral melatonin 1s not related to
the differing IR formulations but is due to the variability derived fremn the extensive first-pass
metabolism of melatonin, meaning an inherent PK property of the active substance. Of note, it
has been alse indicated that the bioavailability of liquid forms is comparable to those of the JR
solid forms. Once the current product has been successfully compared in vitro to both marketed
liquid and solid formulations which have been supported by the same published scientific
literature, one can ensure that the overall bridging also to the findings of published PK/clinical
trials is self-evident.

2.5.2.4 CONCLUSIONS

Taking 1nto consideration the overall scientific discussion as presented in above Sections, it
may be concluded that, in view of the long-standing use of oral melatonin IR (solid and liquid)
formulations in clinical practice, the proposed product is eligible to be submitted as a ‘well-
established use® application. No new PK, PD, ecfficacy and safety data are needed.
Demonstration of pharmaceutical similarity, 1.e., composition similanty with currently
authorised oral IR solutions confaining the same active substance as per EMA
recommendations, as well as in vitro release similarity with marketed [R melatonin solid forms
is applied for the building of the “’bridging data’” that are crucial for this type of application,
naturally combined to robust literature data. It is summarised that;
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The application of Melatonin |1 mg/m] oral solution is submitted under Article 10.a of
Directive 2001/83/EC as amended, namely, fulfilling the criteria of WEU application.
This is a stand-alone application and the product is not considered generic where
essential similarity vs a dedicated reference product has to be established, although,
obviously, approved formulations have been used as a guidance for the development
process. Therefore, there is no need to prove the efficacy and safety of the active
substance, melatonin, through new own data since these are established through the
clinical practice of melatonin for over 10 years as indicated by the appropriate literature
data.

No new non-clinical or clinical data need to be generated for such type of application;
however, emphasis is given on quality data, providing robust evidence of *’similarity ™
with the authorised formulations in critical excipients and quality attributes.

The pharmaceutical form for this product containing melatonin is an oral solution, same
as other approved products. As a principle, the Applicant tried not to deviate
significantly from the composition of the authorised liquid formulations; therefore, the
gualitative composition of the proposed product is very close to that of other authorised
products. All the proposed excipients are well-known and are widely used in
pharmaccutical preparations (oral solution), including melatonin-containing oral
solufions, therefore incompatibility and interaction issues are not expected. Hence, no
difference in in vive behaviour of the product under submission compared to the
registered ones in same form is anticipated. No significant differences in terms of
qualitative composition are observed, especially this being important in the case of
identified “’critical excipients’’. The Applicant additionally performed in vitro
dissolution studies in order to compare the release profile of marketed melatonin-
containing IR solid medicinal products (tablets) vs the developed drug product
formulation (oral solution) under current submission in which meclatonin, the drug
substance, is already dissolved. Similarity in release profile has been observed also in
these cases, despite formulation differences.

In the current submission, the Applicant has roviewed several litcrature references
supporting the PKs, PDs, efficacy and safety results presented within this Clinical
Overview. The whole PK data, which were thoroughly analysed and presented within
the Overview, as well as the classification of melatonin as a BCS Class I substance and
the similanty of the proposed formulation to the already approved ones, render that the
Jjustification of the product itself as appropriate for claiming an extrapolation of efficacy
and safety from published data to the current product as acceptable. In view of the
pharmaceutical sumitarity in terms of critical excipients between the product under
review and the currently authorised formulations, no differences in the in vivo
performance of the product are expected from a biophammaceutical point of view.

In order to elucidate and crtically discuss the whole PK profile of melatonin, the
Applicant has also perfoermed a thorough search in the scientific literature through
which a wide variety of PK studies administering various doses of maelatorin in various
formulations and dosing conditions was identified. Melatonin is rapidly and almost
completely absorbed. It also exhibits linear PKs over the therapeutic range. It has been
demonstrated that there is a trend for a more than proportional increase by increasing
the dose; however, it does not exceed the threshold of non-proportionality between the
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usual therapeutic range of 1-10 mg. However, as the proposed melatonin formulation
is intended for short-term use at doses ranging from 3 to 6 mg, the administered doses
are within the range of PK linearity.

e It has also to be mentioned that formulations administered in published PK/clinical
studies are mostly melatonin-containing food supplements or nurse-prepared
formulations, liquid and solid capsules or tablets and not branded EU-approved
medicinal products. This means that the cxact formulations administered cannot be
retrieved in order to perform a proprictary in vitro comparison; this is also the case for
the majority of clinical trials being conducted with administration of solid melatonin IR
forms. Based, however, on the overall conclusions of published PK data, it can be
observed that the variability of PK parameters is rather high. This variability of oral
melatonin is not related to the differing IR formulations but is due to the vanability
dertved from the extensive first-pass metabolism of melatonin, meaning an inherent PK
property of the active substance. Of note, it has been also indicated that the
bioavailability of liquid forms is comparable to those of the IR solid forms. Once the
current product has been successfully compared in vitro to both marketed liquid and
solid formulations which have been supported by the same published scientific
literature, one can ensure that the overall bridging also to the findings of published
PK/clinical trals is self-evident.

e A thorough safety evaluation has also been performed for the contained excipients; no
significant safety issues related to the excipients are anticipated even for the intended
paediatric population group (please refer to Section ‘2.5.5.3 Safety of excipients’). The
surularity of composition compated to the authorised products, as well as the same
claims in terms of clinical use and route of administration, addttionaly ensure the
suggestion that the new product is devoid of any local/systemic tolerability issues; no
further safety studies are needed to be performed.

e The product under submission fulfilled all the criteria conceming the quality of oral
solution formulations according to the EMA Guidelines, following the appropriate in
vitro tests. The important quality characteristics of the active substance and finished
product arc well-defined and controlled, and the product is formulated, manufactured
and controlled in a way that is characteristic for this specific type of formulation. In this
context, the submission dossier of Melatonin oral solution at the strength of [ mg/ml
included all necessary evidence (e.g., analytical data, manufacturing, etc.) which clearly
demonstrated the product’s high quality. The finished product specifications proposed
for the fest product are in accordance with European Pharmacopoeia and ICH
guidelines. There are no outstanding quality issues which may have a negative impact
on the benefit/nsk balance. The detailed results of the tests are presented in the relevant
reports which are included in Module 3 of the submission dossier.

o It is overall considered that the biowaiver-like approach may successfully bridge the
new formulation product in terms of efficacy and safety to the already existing oral IR
melatonin solid and liquid products in EU/UK markets/clinical practice and can further
be safely extrapolated also to the ones administered in the clinical trials of the literature.

Last but not least, the risk of potential “*bioinequivalence’’ 1s also considered, following the
overall scientific evaluation performed. Situations could be envisaged resulting from a false
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biowaiver decision, that is, declaring a test formulation bioequivalent to the reference
formulation, whereas this test formulation would be declared bioinequivalent when subjected
to an in vivo BE study. The test formulation may give rise to a lower or to a higher AUC and/or
to a lower or to a higher Cuux than the reference product. In the first instance, the test
formulation has a lower AUC than that of the reference product and, thus, might be clinicalty
less effective. This would have serious clinical consequence only in severe disorders that
require increased dosages treatment, which is not the case for melatonin in the proposed
indications. The second situation in which a false biowaiver decision would be clinjcally
relevant is when the drug formufation is superbioavailable, that is, the test formulation has a
higher AUC/Cinax than the comparator(s). In this situation, the broad therapeutic index of
melatonin would protect the patient from very serious side effects, as no serious side effects
have been observed with this active substance, even al exceptionally high (acute) doses and
serum levels, taking also inte account the well-established proposed low dose to be
administered for a short time.

Overall, from a biophammaceutical point of view, the current formulation may be considered
successfully ‘bridged’ with the melatonin oral solid and liquid formulations used in the EU/UK
clinical practice and the published studies and no in vivo/BE/clinical data are necessary for
bridging the current formulation with the literature data in the context of this WEU application.
The quality and the in vitro proprietary data, as well as the critical evaluation and justification
based on the current publicly available scientific knowledge, provide assurance of the efficacy
and safety of the current product.
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2.5.3 OVERVIEW OF CLINICAL PHARMACOLOGY
2.5.3.1 PHARMACOKINETICS

The PK properties of melatonin are well-known. Oral [R melatontn is rapidly absorbed from
the small intestine. The time-to-reach-Cmax (Tmax) 1s. 15-90 min (mean: ~50 min). Oral
bioavailability of melatonin is [ow, t.e., ~15 %. Increase in the Cuy can be expected if
melatonin dose is taken with food. Even it is not expected to affect the efficacy or safety,
melatonio is not recommended to be taken concomitantly with food. Exogenous melatonin
passes the blood-brain barrier (BBB) and distributed in al) body fluids and tissues. Melatonin
is mainly metabolised in the liver by the CYPIA2 with contribution from CYPIAl and
CYP2CI19, yielding 6-hydroxymelatonin; the sulphate conjugate of the latter is a principal
metabolite, but is inactive. Metabolism is very rapid, metabolite level rising within minutes.
Metabolites are excreted in the urine. The elimination half-life (t%4p) is approximately 45 min.
The kinetics of oral melatonin are linear over range 0.1-10 mg.

2.5.3.1.1 Absorption and bioavailability
Ovral route of administration

A thorough critical reviewing of the available PK studies involving oral administration of
melatonin formulations in humans has been performed. An overview of published PK studies
utilising melatonin is presented in Table 7 below.

Table 7. Mean PK variables reported in the public domain scientific literature after single oral
administration of melatonin formulations at low doses ranging from 0.1 to 100 mg to healthy
volunteers.

Reference Dosec Posage form Time of Dosing { (9 j 277 tus AUC CVF F
(mg) Sag intake condition (ng/ml) (min) (min) | (mgxmin/ml) | (L/min) | (%)
” Gelatine 1000 Fasted 2.80 135 32 222.72 - -

B capsule i Fed 6.80 30 - 482.16
3 Corn oil Fasted 3.50 30 237.18
preparaion Fed 4.40 30 40 349.56
5 Tablet Morning Fasted 12.40 37.5 319 1179
, Sustained- 000 Fasted 0.43 96 151,62
release tablet Fed 0.48 156 144,30
2 07:00- _ 2,18 52 61 237.770 . 14
1 Tablet 09:00 Fasted 577 50 65 530.57 - 16
0.5 - . - - - 47 - - 33
0.1 0.05 135 - 12.79 -
03 Capsute 11:45 - 0.12 135 27.59
! 0.40 135 95.94
I -
g2s | Ormlsolution 0.24 2 36 14,16
{malc)
023 | Oralselution 0.62 3 45 32.08
{iemalc)
QOral (25%
dosc IR and
2
0.4 75% dose 041 78 108 95.70 6.32
CR)
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Reference Daose Dosape form 'Time of Dosing e j tyap AULC CWF F
(mg) B imtake condition (ng/ml) {min) (min) | (ngxmin/ml) | (L/min) | (%)
Oral (23%
4.0 dose IR and 73 4.00 920 126 7274 797
Y% dose CR)
5 TR 10:60 - 218 - - 2 - -
6 Tablet IR 08:30 4.48 60 106 3.08
6 Tablet [R 09:00 Fasted 1.0 60 37 138" 132.50 -
5 Capsule IR - - 4.82 30 38 256.891"
'0 Controlled 3.82 45 48 307.917
release 4.07 210 50 595,407
05h
before 0.84 10 42 13428
0.5 Capsule sleep -
4 h ofler .
5 .
bedtime 0.70 60 42 78.81
5 Slow rclease 877 167 91 2310 3.09
Fasted 16.76 30 46 1,180 8.44 -
6 Tablet 09:00 (differem 16.44 53 52 1,240 0.8% i
ape)
3 Capsule 09:30 - 0.68 60 68.4 99.78 - -
Capsule 0.80 60 90.5
) powder
Soft-geiatine - - 2.62 60 - 2322
capsulé
Capsule 2.40 40 269.1
3 powder
25 Capsute 23:00 - 307 540 - 635.15 -
3 - 09:30 - 3.36 20 - - - -
e 0.64 90 102.41
25 Capsule 09:30 cod 2
ednon- 1.86 90 294.00
smoking
100 Galsmag 09:15 10116 60 al
capsule
R0 11:00 27.87<10°
Gelatine 11:00. a8
3I%80 capsule 12:00. 31.30<10°
1.3:00
0.3 Capsule 035N 0.20 60) - 42.71 - -
5 Capsule before - 2,05 120 ; 42647 - -
sleep
03 Capsute 21:00 - 0.1 498 - 29.04 - -
Gelatine . 0.17 48 - 26.51 - -
03 capsule 11:00 ) 0.26 45 - 35.75 - -
0.1 0.5h 0.08 120 - 29.94 - -
0.3 Capsule before - 0.22 120 - 57.236 - -
3 bedtime 1.37 120 465.74

Abbreviations: C,,, maximal plasms/scrum concentration; IR, immediate release: Tr, lime 10 maximal plasma/serum concentration; 1%f,

climination half-life: AUC. area-uader-the-curve plasma/serum concentralions (up to the tast measurable concentration. AUCs.,. unless marked
with (*), which denotes AUC,..,.). CIiT', apparent olearance: F, bioavailability.
The symbol (=) refers to studics not reporting the pre-detied PK yariable or not reporting a mesn/median-dain value of the specific variable.

From a thorough analysis of the above tabulated data, following oral administration of different

oral solid melatonin-formulations:
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Crma ranged from 0.05 ng/ml (0.1-mg dose, capsule, IR dosage form,

- to 101.16 ng/ml (dose 100 mg, gelatine-capsule, IR, . Taking

into account all preparations, the mean (+standard deviation [SD]) Cuex was 5.24

(£15.31) ng/ml, while taking into account only the IR preparations, this was 5.64

(£16.65) ng/ml.

o T for the oral formulations ranged from 15 min (dose: 2 mg, gelatine-capsule, IR,
_ to 540 min (dose 2.5 mg, IR capsule, Taking

all values together both from SR and from IR formulations, the median Tmax after oral

administration was 60 min. Eliminating the SR formulations, the median Tmax of the TR

ones remained at 60 min. Actually, a Tmgx of melatonin being ~ 30-60 min seems well-
e o v

e tY%pranged from 32 min (dose 2 mg, gelatine capsule, IR, _ to [26

min (dose 4 mg, oral tablet preparation with 25% dose IR relcase and 75% dosc

controlled-retease, | | . o v <o taking into consideration only IR
formulations, 106 min (dose 6 mg, tablet R,ﬁ The mean (£SD) for

all oral preparations was 57 (+25) min while only for the IR ones, this was 49 (+17)

min. Acmalli, a t'. of melatonin beini ~45min 1s well-established in the literature

AUC ranged between 12.79 ngxmin/m! (dose 0.1 mg capsule, IR dosag“
to 31.30x10% ngxmin/ml (dose 3x80 mg, gelatine capsule,

or 27.87x10* ngxmin/ml (dose 80 g, gelatine capsule, _

Taking all formulations into consideration, the mean (+SD) was 1.7x10

(£6.2x10%) ngxmin/ml while only for IR formulations mean (+SD) was 1.9x10°

(£6.8x10%) ngxmin/ml.

Here, it 1s necessary to focus on those administering oral melatonin in an IR formulation at
daily doses of 0.5-6.0 mg. The isolation of these studies (Table 2) was based on evidence of
posology from clinical trials of melatonin for the treatment of jet lag and SWD as well as in
sleep disorders in ADHD (paediatric) patients that are presented in Section ‘2.5.4 Overview of
Efficacy’ of the current Clinical Overview.

Table 8. Mcan PK varables reported in the public domain scientific literature after single oral
administration of melatonin IR formulations in conventional dosage forms (tablets and
capsules); the doses ranged from 0.5 to 6 mg.

Reference Dose Dosage Time of Dosing Cuix T Lusi AUC F
(mg) form intake condition (ng/ml) (min) (min) (ngxmin/ml) (%)
P : 3 3
10 Gelatime 10:00 Fasted 2.80 15 12 222.72 13.6
capsule Fed 6.30 30 482.16 29.6
5.0 Tablet Mominy Fasted 12.40 173 519 1.17923(*) 289
2.0 2.1% 32 6l 237.77(*%) 14.4
Tublel 07:00-09:00 Fasted

4.0 5.77 60 65 530.57(*) 16.2

6 Tablel 08:30 Fasted 4.48 60 106
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Reference Dose Dosage Time of Dosing Cone Thisx tizp AUC F
i (mg) form intake condition (ng/ml) (min) (min) (ngxmin/ml) (%)
6 Tablet 09:00 - 1.50 60 37 138 2.8
Fasted 16.76 30 46 1,180 241
6 Tablel 09:60 (d:l"le.n-:nl lo.44 51 53 1240 353
ape)
0.5 - - - - - 47 - 33.0
1.0 Capsule 11:435 - 0.40 135 - 05.94 11.7
$.0 - 10:00 - 2.8 - - 372 9.1
80 Capsule - - 4.82 20 18 256.89(%) 8.3
0.3 gi"ﬂ"“ 0.4 30 42 134.28 32.9
0.5 Capsule N a};r
bedi g 0.70 60 42 78.81 193
hedlime
3.0 Capsule 09:30 - 0.68 60 68.4 99.78 4.1
Capsule - - 0.50 60 - 90.5 1.
powder
1.0 Soft-
gelatine - - 2.62 60 - 2832 34.7
capsule
20 Capsule - - 240 40 - 269.) 1.0
powder
25 Capsule 23:00 - 317 540 - 635.18 311
3.0 - 09:30 - 356 20 - - -
50 | Cupsule | 0-3hbefore . 2,05 120 - 426,47 104
slecp
30 | Copsule | U2 hbefore . 1.37 120 . 466.74 19.0
bedtime _
Crn: Mmaxima) plasma/serum concentration. T time 1o maximal plasma/serum concentration, 44 elimination bali-life, AUC: ares-
under-the-cwve plasma/serum concencrations (up to the last measurable concentmation. AUC ., unless marked with (*). which denotes
AUCy.). CI/F: apparent clearance, F: bioavailability. The symbol (-) refers 1o studies not reporting the pre-defined PK variable. or not
q ing a mear/median-data value ot the specitic varfable. Almost F (%) values were calculated based on the study o
ﬂwher’ 2 mg of melatonin 1V bolus were administered and resulted in a mean (+SD) AUC,,.. 1,631.61 (+425.74) ngxmin/ml. F (%)
values in hald were directly retrieved from the cited reference.

Therefore, after oral administration of IR melatonin formulation in doses ranging from 0.5-
6.0 mg (Table 8):

® Cmax ranged from 0.40 ng/m] (dose 1.0 mg,_ 1994) to 16.76 ng/ml (dose
6.0 mg, with a mean (£SD) value 4.3 (£4.7) ng/ml.

o To.. ranged from 15 min (dose 2.0 mg,_ to 540 min (dose 2.5 mg,
with a median value of 60 min. By eliminating this extreme high value

that could represent an outlier, the maximum value of Tmax is 135 min (dose 1.0 mg,
*amd the median value 56.5 min. It should be noted that the latter
median is also closer to the mean Twax Value referred in the literature which is 30-50 min
Moreover, as

observed after reviewing the efficacy studies the best outcome is achieved when melatonin
is administered 30-60 min before bedtime, which coincides with its Tipax.

o t¥p ranged from 32 min (dose 2.0 mg, |G © 106 min (dose 6.0 mg,
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_ with a mean (xSD) value 53 (£19) min. Actuallil a t%i of melatonin

being close to 45-60 min is well-established in the literature

+ AUC ranged from 78.8 nexmin/ml (dose 0.5 mg, KNGTnTNNINE > 240
ngxmin/ml (dose 6.0 mg,_ with mean (£SD) value 421 (£362.4)

ngxmin/ml.

o F (%) bioavailability (estimated from the literature data), ranged from 2.8% (dose 6.0
mg, to 34.7% (dose 1.0 mg,i with a mean (£SD)

value 18.5 (x10)%.

After having distinguished only the most relative PK studies with the intended dosing and
formulation, it can be observed that variability of PK parameters is relevantly high. Data
from studies conducted at other strengths can be extrapolated to the 3 mg dose, since the PKs
1s linear, The 3-mg dose s a standard dose in many punlished clinical studies as well as
approved SmPCs for many melatonin products. However, mainly due to the well-known first-
pass effect that melatonin undergoes the bioavailability is rather low

The variable bioavailability of oral melatonin is therefore
not related to the differing [R formulations but i1s due to the variability in the high first-pass
metabolism process of melatonin.

Two studies investigating the PKs of melatonin after administration of an oral solution IR
formulation have been identified in the scientific literature as well (Table 9). The one was

ierformcd in critically ill patients _ and the other in healthy volunteers

Table 9. Mean PK variables reported 10 the public domain scientific literature after single oral
administration of melatonin oral solution doses ranging from 0.25 to 10 mg.

Dose _— Comn Tonn = AUC CIF
Authur (mg) Volunteers Grel | (oiny | dimind || Gageoiiorialy | fenia)
10 Crilic-dlly itl 14.97 30 8k 1.R0 x10° 5,85
0.25 | Healthy males 0.24 23 36 14.16 -
0.25 IHealrthy females 0.62 23 45 42.08

_cstjmated the absolute bioavaijlability of melatonin in 12 young

healthy volunteers after administration at midday, on 2 separate occasions, 1.e., 0.23 mg by IV
infusion and 0.25 mg by oral solution. Melatonin PKs were compared with those obtained after
the administration of 0.23 mg melatonin by [V infusion (at a rate of 250 mi/h). In healthy males,
PK parameters were Cmax=0.24 ng/ml, Tmax=23 min, t%4=36 min, AUCq.inr=14.16 ngxmin/ml
and the absolute bioavailability mean (=SD) was 8.6 (£3.9) %. In the fematle subjects, the PK
parameters were Cpax=0.62 ng/ml, Tiax=23 min, t¥2=45 min, AUCq.int = 42.08 ngxmin/ml, and
the absolute bioavailability mean (+SD) was 16.8 (£12.7)%. The absolute bioavailability of
melatonin ranged from 1% to 37% with a mean (£SD) of 8.6 (£3.9)% for males and 16.8
(%12.7)% for females

A randomiscd placebo-controlled trial has demonstrated that exogenous administration of
melatonin at a loading dose of 3 mg (as solution through feeding tube), followed by an hourly
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dose of 0.5 mg, results in supraphysiological and sustained concentrations of serum melatonin
during 12 h overnight in critically ill patients. These findings support the consideration that
despite a first-pass effect or phanmacological interactions on the enteral absorption of
melatonin in critically i) patients, the enteral administration bas an excellent oral
bioavailability. Oral solution of melatonin (10 mg) was also administered in 24 patients
undergone a tracheostomy in a randomised, double-bllind, placebo-controlled trial. Melatonin
appeared to be rapidly absorbed from the oral solution and Cmax values were higher than those
reported for comparable doses in healthy individuals. After oral dosing, the Cmay is affected by
the solubility of melatonin tn the formulation, alterations 1o bioavailability and clearance.
Orally administered melatonin is subjected to an extensive ‘first-pass effect’, with

bioavailability reported to be ~15%, although there is high vanability due to factors, such as
CYPI1A2 activity and co-administration of inetarcting drugs _

More resently, a bioavailability study has been performed as an open label, single-treatment,
single-pertod, single-dose study in normal, healthy, adult, male human subjects under fasting
condition. The subjects received a single oral dose of 3 m! of the medicinal product Melatonin
Orifarm 1 mg/] ml solution resulting 1o a mean plasma Cmux close to 8,800 pg/m). This is
approximately 150 times the nocturnal endogenous Cmax of melatonin, though both

endoien_ous- and ex_oi._enous Cmas showed considerable inter-individual varation [

It is tmportant to note that the bioavailability of the oral solution is comparable to those of
the IR solid dosage forms, being within the range and approaching the mean. However, Tmax
is somehow lower compared to what it was observed for the solid IR forrus, as is expected for
an oral solutton, not having the limiting step of dissolution. In any case, melatonin has been
approved both as solid and solution oral formulations claiming the same indications and
posologies.

Overall, a generally low bioavailability of oral melatonin has been documented in a number
of studies and was confirmed by the assessment conducted within above. fluctuating mainl
from 3-36%

Bioavailability presented a significant intra-individual
variability. Moreover, the administration of different formutations also probably accounts for
the great differences observed in bioavailability. It is generally agreed that the low

bioavailability is caused by a considerable first-pass metabolism in the liver —
ﬁ The other PK parameters (Cmax and AUC) displayed extensive
vartation within and between studies. The vanations may obviously relate to interindividual

differences in drug absorption, distribution, metabolism and elimination but may also be
confounded by substantial variability in study designs/analytical methods.

Other routes of administration

The PKs of melatonin from other routes of administration was also reviewed in order to gain a
better insight on how the route of administration affects its bioavailability.

Table 10. Mean PK variables reported in the public domain scientific literature after 1V,
transdermal, intranasal and transmucosal administration of melatonin.
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g n < Cmm Tmlu t% AUC CUF V.,
Reference Daose (mg) Dosage form (ng/ml) (min) (pain) {ng*min/mI) (L/min) L)
2.1 Transdermal - 8.5%h - - - -
10 IV balus 2213 - 42,3 8.997.63 - [.6
100 IV bolus 1.251.5 - 46.2 54,685.97 - 2.0
20 . 2.8-8h
100 Tronsdermal L16h
s Sublingual 17.20 425 54.0 :
spruy
8 Transdermal ) 13h ) ) 3 -
0.5 Transmucosal 474
IV prepubenal 40 15.03 3.30 185
?n(:j)!(c)q 1V puberial - 47 18.00 2,70 173
g IV adults 47 22,61 2.03 135
2 v 96.85 60 1.63 x10° - i
IV infusion 731
0.23 (250 mJ/h) 1235 113 36 153.26 1.57
male
. . 53.8
IV infuston
0.23 (150 ml/h) 1.69 110 4] 21.84 1.09
temale
0,003 1V bolus 28 3.40 0.97 38
0.02 V0 mlo) 1 79 45 097 63
infuston
0.4 lntranasal ) S B
0.2 IV 10
Transdermal
36 nunf)p:imcle ) (Sh 150k ) -
gel in9 cm2
skin arca

Routes of administration avoiding first-pass effect (IV, intranasal) result in increased
bioavailability in companson to oral dosage forms. Transdermal administration of melatonin
might be used optimally in a local application, rather than a systemic application, due to the

slow skin release,

Dose-dependency of bioavailability in the 0.5-5.0 mg oral dose rage

Based on the above considerations, the above reported PK studies were distinguished in 4 basic
categories in order to roughly investigate the variabuity of the PK parameters where doses of

the same magnitude were administered.

Table 11. Mean PK variables reported in the public domain scieuntific literature after single oral

administration of melatonin IR formulations doses 0.5-1.0 mg to healthy volunteers.

Reference Dose Cinnx Tiniux t¥y AUC F
{mg) (np/ml) (min) (min) (npgxmin/ml) ()
0s - - 47 - 33
1.0 0.40 135 95.94 1.7
0.5 0.84 30 42 134.28 32.9
) 0.70 60 42 78.81 19.3
1.0 0.80 60 90.50 11.1
2.62 60 - 283.20 34.7
0.40 30.00 42.00 78.81 11.10
Max 2.62 135.00 47.00 283.20 34.70
Menn 1.07 60% 43.67 136.55 23.78
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Dose

Reference (mg)

SD

Cuul\ Tmu\ t‘l/lu AUC F
(ng/mil) (min) (min) (ngxmin/ml) (%)
0.88 - 2.89 84.58 11.08

bioavailsbility.
*Median value is reported for Tmax.

Abbreviatlons: Ci.,: maxima plasma/serum concentration, Toud time o maximal plasma/ssrum concentration, thiy:
elimination half-life, AUC: arcr-under-the-curve plasmy/serum concentrations (up Lo (he last measurable concentration, F:

Table 12. Mean PK variables reported in the public domain scientific Jiterature after single oral

administration of melatonin IR formulations doses 2.0-2.5 mg to healthy volunteers.

Dose Cusy Tiiax ting AUC F
Reference (mg) (ng/ml) (min) (min) (ng*min/mi) (%)
20 380 (s 32 22272 136
i} 6.30 30 - 482.16 13.7
20 3.50 30 2378 14.3
: 4.40 30 0 349.56 214
2.0 218 52 ol 23777 14.4

2.5 317 340 ; 635,15 311
Min 218 15.00 32.00 22272 13.60
Max 6.80 520.00 61.00 635.15 31,10
Mean 3.81 30¢ 4433 360.76 18.12
sD 1.64 - 14.98 167.10 7.02

bioavailability.
*Median valug is reponed for Tmax.

Abbreviations: Cp,: maximal plasma/scrum concemtration, Ty, Ume 10 maximal plasma/scrum concentration, 1Yy
elimination half-life. AUC: area-under-the~curve plasma/serum concentrations (up lo the tasi measurable concentration, F:

Table 13. Mean PK variables reported in the literature after single oral admimistration of

melatonin IR formulations dose 3.0 mg to healthy volunteers.

Refercnce Dose Cuiix Tiiax tiag AUC F
(mg (ng/mi) {min) (miin) (ngxmin/ml) (%)
30 2.40 40 269.10 11.0
3.0 3.56 20 - - -
3.0 1.37 120 - 466.74 19,0
Min 1.37 20,00 0.00 269.10 11.00
Max 3.56 120.00 0.00 466.74 19.00
Mcan 2,44 40* 367.92 15.00
SD 110 - 139.75 5.66

bioavailabiliry.
*Mudian value is reported for Tmax.

Abbreviations: Cn.: maximal plasma/scrum concentation. T Linie to maximal plasma/serum concentration. g
eliminagion holf-life. AUC: area-under-the-curve plasma/serun concentrations (up to the Last measurable concentration, F:

Table 14. Mean PK variables reported in the scientific literature after single oral administration
of melatonin IR formulations doses 6.0 mg to healthy volunteers.

Dose Cuu Thiee ting AUC F

Refiies (mg) (ng/ml) (min) (min) (ng=min/ml) (%)
5.0 12.40 38 52 1,179.23 28.9

5.0 218 - - 372.00 0.1

50 182 30 38 256.89 63
5.0 205 120 g 42647 10.4

6.0 448 60 106 - -

6.0 1.80 60 37 1380 2.8

60 16.76 20 46 1.180 24.1

) 16.44 53 52 1240 253

2.05 30.00 38.00 356,89 6.30
Max 16.76 120.00 106 1,240 28.90
Mean 7.62 53% 55.17 684.66 1527
SD 6.1 - 2.5 454.28 9.73
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Dose Crnax Trsx b g AUC F

(mg) (ng/ml) {min) (min) {(ngxmin/ml) (%)
Abbrevintions: C,.. maximal plasma/serum concentration, Ty time 10 maximal plasma/serum concentration, Yy
eliminatton hatf-life, AUC: area-under-the-curve plasma/serum conGentrations (up to the Jast measurable concentration, F:
bivavailability.

*Median valuc is reported for Tmax.

Reference

Although it cannot be concluded with certainty, in a dose range of 0.5-6.0 mg IR, both Ciux
and AUC seem to be dose dependent, while absolute bioavailability seems not to be affected
by dose.

PK linearity

In addition to the above information, it has been shown that melatonin also exhibits linearity
in PKs over the dose range of 0.1-10 mg. In particular, there is a trend for a more than
proportional increase by increasing the dose; however, it does not exceed the threshold of non-

roportionality between the usual therapeutic range of 0.1-10 mg _
h The PKs 1s alsg Jj ' r dose ranges of 0.1-5 mg after oral

administration of IR melatonin Later, showed
Jinear PKs between 0.4 mg and 4 mg following following administration of two different oral
surge-SR doses in older adults, which was also confirm by When
administered V. melatonin also exhibits linear PKs over the range of 0.01-5.0 pg/kg
Most of the reported melatonin oral products® SmPCs report PK linearity
up to 8 mg. Based on the consideration of the body of published evidence as a whole, melatonin
PKs may be considered linear at the range of 0.1-10 mg.

Food effect

Regarding the food effects, it secms that there is not enough evidence to strongly support its
inexistence. It seems that it could be formulation-dependent as noticed in SR 2-mg meJatonin

However, another literature review has presented a study that has determined
plasma concentrations of melatonin under fed and fasting conditions. Melatonin concentrations
were higher in the fed state compared to fasted state for both solid and liquid formulations
tested, however Tma Was sclose (for the solid capsules) and same (for the liquid form) for both
prandial states ||| . 12 any case. the high variability of metatonin PK makes
it rather impossjble for these AUC differences to result in clinically significant alterations in
efficacy or safety. However, most approved SmPCs for similar products recommend avoidance
of food consumption 2 h before to 2 h after taking melatonin; this suggestion will be also
proposed for this product.

2.5.3.1.2 Distribution

Melatonin is not strongly or extensively bound to plasma proteins, therefore, protein binding
etfects on PKs should not be expected to be significant. [ndeed, the in vitro plasma protein
binding of melatonin js about 60.0%. Melatomin is mainly bound to albumin, «-acid
glycoprotein and high-density lipoprotein (HDL)* The level of melatonin
binding appears to be constant over range of different serum concentrations. Literature data

indicate that melatonin is distributed in all body fluids and is accessible at all tissues. The mean
binding of melatonin to erythrocytes is 49.0%.
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Melatonin reaches all tissues of the body within a very short period. Its tY4 is bi-exponential,
with a first distribution t': of 1.4 min and a secand of 28.4 min Distribution
from serum to saliva and passing through the BBB is rapid. Melatonin released to the CSF via
the pineal recess attains, in the 3™ ventricle, concentrations up to 20-30 times higher than in
blood. These concentrations, however, rapidly diminish with increasing distance from the
pineal, thus suggesting that melatonin 15 taken up by brain tissue _
IV bolus administration of ['*C]-melatonin was shown to rapidly cross the BBB, interact with
brain structures and quickly disappear from the brain, which suggests rapid diffusion and
turnover. In a human positron emission tomography (PET) study performed with [!'C]-
melatonin in a healthy volunteer, analysis of tracer kinetics showed maximum activity in the
brain at 8.5 min following injection, which was different from the curve observed for the
plasma radioactivity (maximum at 3.5 min). This result confirmed that melatonin readily
crosses the BBB and that 6-sulphatoxymelatonin is the main plasma metabolite. In this study,

tie iistribit.ion of tracer as a function of tune, failed to reveal any specific binding _

It has been estimated that the mean steady state volume of distribution (V) tn healthy adult
volunteers, following an IV infusion of D7-melatonin, to be 0.98 L/kg distribution. No gender
difference in the Va, normalised to body weight was ohserved; 0.99+0.063 L/h/kg and
0.97+0.13 L/lWkg in male and female subjects, respectively

An early study compared the melatonin concentranions in blood samples collected from $
subjects every 2-4 h over a 26-h period, with the melatonin concentrations in saliva samples
and with the total amount of 6-sulphatoxymelatonin excreted in the urine during 2-h penods.
There was significant correlation between serum and salivary melatonin levels (r=0.81,
P<0.001) and between serum melatonin level and 6-sulphatoxymelatonin excretion rates
(r=0.72, P<0.001). These results demonstrated that both salivary melatonin concentrations and
urinary 6-sulphatoxymelatonin excretion rates are reliable indices of serum melatonin levels
that can be used for monitoring melatonin ctrcadian rhythmicity

2,5.3.1.3 Metabolism

Circulating melatoun is metabolised primarily in the liver where it is first hydroxylated in the
C6 position to 6-hydroxymelatonin by cytochrome P450 mono-oxygenases (1soenzymes
CYP1A2, CYPIAI and, to a lesser extent, CYP]B]) and thereafter conjugated with sulphate
to be excreted as 6-sulphatoxymelatonin and excreted in urine. Glucuronide conjugation is

extremely limited. CYP2C19 and, at lower rates, CYP1A?2 also demethylate melatonin to N-
aceilsmm, being otherwise its precursor [N

B s 2 pancl of 11 recombinant human P450 isozymes to investigate for the
first time the 6-hydroxylation and O-demethylation of melatonin. CYPLA1, CYP1A2 and
CYPIBI1 all 6-hydroxylated melatonin, with CYP2C19 playing a minor role. These reactions
were NADPH-dependent. CYP2C19 and, to some extent CYP1 A2, O-demethylated melatonin.
The Km (UM), i.¢., the concentration of substrate that is transported at half the maximal velocity
{(Vmax) of transport and Vmax (keai, pmol/minvpmol P450) for 6-hydroxylation were estimated as
19.242.01 and 6.46£0.22 (CYP1A]), 25.9£2.47 and 10.6+£0.32 (CYP1A2) and 30.94+3.76 and
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5.312£0.21 (CYPIBI). These findings confirm the suggestion of others that CYPIA2 is
probably the foremost hepatic P450 in the 6-hydroxylation of melatonin and a single report that
CYPIAL is also able to mediate this reaction. However, this is the first time that CYP1BI has
been shown to 6-hydroxylate melatonin. The 50% inhibitory concentration (ICsp) for the
CYPI]BI-selective inhibitor (E)-2,4,3',5'-tetramethoxystilbene was estimated to be 30 nM for
melatonin  6-hydroxylation by recombinant human CYPIBIl. Comparison of brain
homogenates from wild-type and cypibt-null mice revealed that 6-hydroxylation of melatonin
was clearly mediated to a significant degree by CYPIBI. CYPIBI is not expressed in the liver
but has a ubiquitous extrahepatic distribution and is found at high levels in tissues that also
accumulate either melatonin or 6-hydroxymelatonin, such as intestine and cerebral cortex,
where it may assist in regulating levels of melatonin and 6-hydroxymelatonin.
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Figure 3. Biotransformation pathway of melatonin _

The metabolism in extrahepatic tissues exhibits substantial differences. Neural tissues,
wcluding the pineal gland and retina, contain melatonin-deacetylating enzymes, which are
either specific melatonin deacetylases or less specific aryl acylamidases. Since eserine-
sensitive acetylcholinesterase has an aryl acylamidase side activity, mefatonin can be
deacetylated to 5-methoxytryptamine in any tissue carrying this enzyme. Melatonin can be
metabolised non-enzymatically in all cells, and also extracellularly, by free radicals and a few
other oxidants. It is converted into cyclic 3-hydroxymelatonin when it directly scavenges two
hydroxyl radicals. Studies have shown that repeated melatonin administration does not alter
the metabolic profile of the hormone.

A markedly increased AUC for the ratio of 6-sulphatoxymelatonin to melatonin in plasma after
oral as compared with IV administration (13+13 vs 1+1) has been found, which can be

44



Applicant: Glenmark Pharmaceuticals Europe Limited | Product: Melatonin | mg/ml Oral solution

explained only if one assumes that there was considerable first-pass hepatic extraction after
oral administration (which converts melatonin to its metabolite before it enters the systemic

circulation), giving rise to the conversion of melatonin to 6-sulphatoxymelatonin and thereby
decreasing the bioavailability-of the hormone —

A substantial fraction of melatonin is metabolised te kynuramine dervatives in the brain. This
is of interest as the antioxidant and anti-inflammatory properties of melatonin are shared by
these metabolites, N'-acetyl-N-formyl-5-methoxykynuramine (AFMK) and, with

considerably higher efficacy, N'-acetyl-5-methoxykynuramine (AMK). AFMK is produced by
numerous non-enzymatic and enzymatic mechanisms; its formation by myeloperoxidase

appears to be important in quantitative terms _

2.5.3.14 Elimination

6-Sulphatoxymelatonin, the primary metabolite of melatonin, accounts for around 90% of the
dose excreted in urine

The other main métabolite results from O-demethylation of
melatonin, yielding N-acetylserotonin Approximately 2% of the
exogenous melatonin is excreted in an unchanged form. No figures are provided as to the extent
of urine excretion of the secondary metabolite, mainly the glucuronide conjugate of 6-
hydroxymelatonin. A t/4g of ~45 min has been documented 10 several studies in a wide range
of doses, up to 100 mg [V. This parameter may also be described by first-order elimination
kinetics and is independent of dose and route of administration. In addition, approximately 1%
of blood melatonin is excreted in urine without being metabolised. A positive correlation
between AUC of melatonin and 6-sulphatoxymelatonin has been demonstrated in urine

The measurement of the main melatonin metabolite in urine seems to
provide a robust, simple and reliable assessment of melatonin secretion. Over 90% of the

administered radioactivity (['*C]) was recovered in the first 24-h urine sample and the
remainder in the next 24 h

Following 1V infusion of 23 pg Dj-melatonin, total body clearan

ce in healthy males and
females was 1.270.20 L/kg and 1.18+0.222 L/h/kg, respectively _

The ts of melatonin following single TV and oral doses in healthy volunteers has been reported

to be ~1 h | [ another study, the tY4p has been reported as 43.6 min after
IV administration in human subjects* The t2 following an IV

infusion to be 36.0 and 41.4 min in male and female subjects, respectively, and after oral

dosing, 36.0 and 45.0 min, respectively_

In a population PK tumover and surge-function study, describing the circadian disposition of
melatonin in healthy male subjects, the t¥sp was estimated to be 2.7 h, i.e., longer than 0.5-1.0
h reported after exogenous [V and oral melatonin administration to healthy adults. This
difference may reflect the continuous formation and release of melatonin while hormone
synthesised earlier was undergoing elimination from the bloodstream, thereby leading to an

underestimation of the terminal phase slope _
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2.5.3.1.5 Pharmacokinetic studies in special populations
Age and gender

As previously described, melatonin is rapidly metabolised by the liver and eliminated in the
urine as 6-sulphatoxymelatonin; therefore, the winary excretion of this melatonin metabolite
can serve as a reliable measure of serum melatonin profile. Serurn melatonin concentrations
decrease as age increases. [t has been reported that in healthy elderly people suffering from
insomnia, urinary 6-sulphatoxymelatonin was significantly Jower and its onset and Tmay
delayed, in comparison to age-matched controls without sleep disorders. Similarly, in elderly
females, 6-sulphatoxymelatonin levels were found to be significantly lower in poor compared
to good sleepers

rmeasured the magnitude and duration of melatonin secretion over a 25-
h period, following administration 250 ug of Ds-melatonin at midday and at midnight in 2
separale studies and 2 groups of subjects, i.e., 12 young (26,7+4.4 years) and 1| older men and
women (70.043.3 years). For all subjects, endogenous melatonin concentrations were lower
than 0.5 pg/ml between 10:00 and 18:00. A rapid rise was observed for all subjects and steady
state was reached in, 3-4 b (3 or 4 t¥%s). Secretion started at 20:10£50 win (19:15-21:25 h) and
20:40+40 min (19:50-21:45 h) in young men and women, respectively. Offset of secretion was
at 04:05+50 min (range, 03:05-05:25 h) and at 04:20+35 min (range, 03:35-05:10 h) for men
and women, respectively. No significant gender difterence in duration of secretion (7.9+0.8 h
and 7.6£0.8 h), Cmax (54.7%23.1 and 54.2+26.4 pg/ml) and AUC (375.5£178.6 and
349.7+174.8 pgxh/ml) was observed. The terminal ts values, 1.2+0.3 h and 1.1+0.5 h,
determined by regression of the terminal portion of the log-plasma concentration-time profile,
showed no significant gender difference. There was also no significant gender difference in the
amount of nocturnal secretion normalised to body weight of subjects; 0.48+0.23 and 0.40+0.19
ug/kg in men and women, respectively. Steady state melatonin concentrations were equal to
47.2420.4 pg/ml (range: 17.0-85.7) and 46.3+25.5 pg/m! (range: 18.7-91.5) in men and
women, respectively, with no significant gender difference.

In a randomised, double-blind, placebo-controlled study, low (0.4 mg) and high (4 mg) doses
melatonin (25% IR + 75% controlled-release) were given in 27 older adults with insomnia
complaints and low endogenous melatonin levels. The Tmux (1.3 h vs 1.5 h), tY%p (1.8 h vs 2.1
h) and apparent total clearance (379 L/h vs 478 L/h) did not ditfer significantly between the
low- and high-dose arms, respectively. Cmax values were 405493 pg/ml for the low- and
3,999+700 pg/ml for the high-dose arm, both of which are substantially higher than physiologic
melatonin levels for this age group. In addition, subjects in the high dose arm maintained
melatonin levels >50 pg/ml for an average of 10 h, which could result in elevated melatonin
levels beyond the typical sleep period. Renal and liver function parameters remained stable
after 6 weeks of treatiment. A linear PK behaviour of melatonin was demonstrated in the group
of older patients

Overall, the PKs of IR melatonin in the range of 0.3-6 mg is generally comparable in younger
and older adults, through the range of values for a given parameter tends to be greater in the
elderly. There do not appear to be significant differences in the PKs of oral melatonin in men
and women, though Cuax, AUC and bioavatlability may be higher in women; no such tendency
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is evident for t'4. Data for the influence of race and genetic factors are limited but are not

considered to suggest any major concerns for efficacy or safety ||| GG

Paediatrics

For the determination of the potential changes of melatonin PKs during puberty, melatonin was
infused IV in 9 prepubertal (aged 8.4+1.5 years), 8 pubertal (aged 12.9£1.7 years) and 16 adult
subjects. A pilot study of 3 adult males showed dose linearity, absence of saturation Kinetics
and unaltered metabolism and urinary excretion for doses of 0.1, 0.5 and 5.0 pg/kg. All other
subjects received 0.5 ug melatonin/kg body weight. The results of the PK parameters calculated
from serum melatonin showed no significant gender differences in adults. However,
developmental differences were significant between prepuberial children and adults for
terminal elimination rate constant (ke, 1.08£0.25 vs 0.89+0.11 h™), t'4p (0.67£0.12 vs
0.79+0.10 h) and AUC (250.9:91.8 vs 376.9£154.3 pgxh/ml, respectively). At all timepoints,
melatonin levels were higher in serum than in saliva and the ratio between serum and salivary
melatonin varied up to 55-fold within and between individuals. Results based on salivary
melatonin showed significant differences between prepubertal children and adults for the ke

(1.90+0.95 vs 1.06+0.28 h™"). The described group differences in PK parameters suggest that
prepubertal children metabolise melatonin faster than adults ﬁ

_assessed the PKs of melatonin (0.5 mg/kg) enteral administration to 5

neonates with hypoxic-ischaemic encepbalopathy undergoiog bypothermia. Infusion started 1
h after the neonates reached the target temperature of 33.5°C. The plasma Cmax reached 0.25
pg/ml and the AUC2an was 4.35 pgxh/ml. In addition, the t'2 and clearance of melatonin were
prolonged, whereas Vy decreased compared to adults. /n silico simulation estimated that the

stea‘di statc can be reached after 4 infusions. Hypothermia did not affect melatonin PKs

Hepatic impairment

Plasma melatonin levels have been studied in 7 patients with cirrhosis and 7 age-, sex- and
education-matched controls. Patients with cirrhosis and subchnical hepatic encephalopathy had
abnormal plasma melatonin pattern compared with healthy controls * The
time of onset of melatonin secretion was significantly displaced from 19:50426 to 21:30+13
min (P=0.013). Tmx for plasma melatonin was significantly displaced from 00:36+33 to

05:36+29 min. Significant increases in absolute melatonin levels were seen during day- and
night-time hours (P<0.05 at every measurement between 02:30 and 10:00).

In a later study, urinary 6-sulphatoxymelatonin levels were measured in 2t hospitalised
cirthotic patients with normal renal function (14 men and 7 women; median age [range]: 50
[29-80] years; Child class A, 7 patients; class B, 11 patients; class C, 3 patients) and in 9 healthy
subjects (3 men and 7 women, median [range] age: 49 [32-69] ycars). Sixteen had alcoholic
liver disease, 2 had hepatitis C and 1 each had primary biliary cirrhosis and Wilson disease;
also, 2 patients had signs of clinically overt hepatic encephalopathy. Eight-hour urine excretion
(22:00-06:00) was assayed for 6-sulphatoxymelatonin and finally cirrhotic pattents had a
significantly decreased concentration (meantstandard error [SE], 19.01£2.76 compared with
39.2£5.41 ng/ml; P=0.001) and total excretion (median [range]: 8.28 [0.85-28.1] mg vs 12.21]
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[9.12-29.04] mg; P<0.05) of 6-sulphatoxymelatonin, compared with controls. Urine volumes
were similar in the 2 groups. No comrelation to child class or liver function measures was seen.
These findings indicate that the elevated plasma melatonin levels seen in cirrhotic patients are

at least partly due to impaired hepatic catabolism ||| GGG Aother study

concluded that the elevated melatonin blood levels both at night and day may account for some

of the clinical manifestations of heiatic encephalopathy (daytime sleepiness, fatigue)

Renal impairment

Literature data indicate that there is no accumulation of melatonin after repeated dosing (3 mg
for 5-11 weeks) in patients on stable haemodialysis. However, as melatonin is primarily
excreted as metabolites in the urine, plasma levels of melatonin metabolites can be expected
increase in patients with more advanced renal impairment. The melatonin status of patients in
end-stage chronic renal failure (CRF) has been evaluated by determining daytime plasma
melatonin levels and investigating the circadian rhythmicity of melatonin secretion
A significant increase in plasma melatonin concentration was
found in all investigated CRF patient groups, i.e., CRF patients on conservative treatment
(n=48), CRF patients on maintenance haemodialysis treatment (n=39) and CRF patients on
peritoneal dialysis (n=32). Successful transplantation led to a marked reduction in plasma
melatonin levels. The circadian rhythm of melatonin secretion also appeared to be suppressed
in CRF as the nocturnal secretory surge was absent in all haemodialysis and in 80% of the post-
transplantation patients. Another study on patients with end-stage renal disease on
haemodialysis demonstrated that melatonin plasma concentratio
rocess, suggesting that haemodialysis could eliminate melatonin W
HThus, it appears that renal insufficiency affects melatonin elimination and is not
compensated by haemodialysis.

Pregnancy

Melatonin has protective actions on both the fetus and the mother during pregnancy. It can
easily cross the placenta to enter the fetal circulation leading the photoperiodic information to
the fetus. Melatonin levels were found to be decreased i severe pre-eclampsia. Some recent
cvidence has suggested supplements of melatonin to prevent pre-eclampsia in humans

Lactation

Maternal levels: In a study of _ blood and milk samples were obtained
between 14:00 and 17:00 h and again within 02:00-04:00 h from 10 nursing mothers 3-4 days

after delivery. Melatonin in both fluids was beyond the limit of detection (<10 ng/L) during the
day, whereas duning the night, its concentration was 280+34 pmol/L in serum and 99426
pmol/L in breast milk. In another study, 21 mothers collected breast-milk samples 5 times in a
24-h period on postpartum days 5-10. The median melatonin concentration in daytime breats
milk (10:00-22:00 h) was 1.5 mg/L and the median concentration in nighttime milk (22:00-
10:00) was 7.3 ng/L. No statistically significant difference was found between the breast milk
of mothers wtth pre- and full-term infants
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One study found that breast-milk melatonin concentration was inversely correlated with breast-
milk prolactin level and was higher in women experiencing fatigue in the morning
ﬁ Five nursing mothers provided breast-milk samples every 2 h over a 24-h period.

Melatonin was undetectable during the day, but began to rise at about 8:00, reaching a peak at
about 3:00 and then declining “

In 30 women who were 48-72 h postpartum, melatonin levels in colostrum averaged about 16
ng/L at noon and 36 ng/L at midnight _ Another study found that
melatonin colostrum levels measured between 01:00 and 03;00 between 48 and 72 h
postpartum were higher in mothers who delivered vaginally (mean=266 ng/L) than in those
delivering by elective (mean=205 ng/L.) or emergency caesarean section (mean=167 ng/L). All
differences between groups were statistically significant

In studies 10 which exogenous oral melatonin was given to women, the resulting serum
melatonin level was variable, but serum Cmax ranged from 1.1 to 2.6 pg/L for each 1 mg
administered . This
would result ip an average increase melatonin concentration in breast milk from 0.4 to 1 pg/L
for each 1 mg received, based on an average milk concentration of 35% of the matemal serum

concentration. While the resulting concentrations would be higher than the typical physiologic
it would present a considerably

Cmnax 0f 0.02 pg/L in milk

lower dose to the infant than the 10-mg/kg melatonin doses that have been safely administered

Melatonin was analysed in 392 breast-milk samples from 98 healthy nursing mothers at 0-30
days postpartum. At 03:00, preterm colostrum had a higher average concentration than term
colostrum, 1.€., 28.67 and 25.31 ng/L, respectively. Melatonin levels were numenically, but not
statistically, higher in transitional and term milk at 03:00. The lowest levels of melatonin in
milk occurred at 09:00 and 21:00 _ A study compared daytime and nighttime
melatonin colostrum and breast milk levels in mothers who had an clective caesarean section
(n=18) to those who had a vaginal delivery (n=21). Nighttime melatonin levels were higher in
colostrum, transitional and mature milk in both groups, with nighttime melatonin ranging from
10.9 to 17.5 ng/L higher than daytime levels. Colostrum melatonin levels were higher in
mothers who had an elective cesarcan section (average=30.3 ng/L) than in mothers who had a

vaginal delivery (average 14.7 ng/L) || GGG

Infant levels: A study of 8 breastfed and 6 formula-fed infants found different pattems of the
melatonin metabolite, 6-sulphatoxymelatonin, in urine. Breastfed infants had a sinusoidal
excretion pattern with a peak at 06:00 and a trough at 18:00. Formula-fed infants had a simple

increase in the metabolite that was af baseline between about 20:00 and 04:00 with a peak at

PK-PD studies

Based on its mechanism of action as a chronobiotic, the response of the body to melatonin
fotlows a phase-response curve (PRC), so that morning administration causes a delay, while
evening administration causes an advance on circadian rhythms. This PRC is about 12 h out of
phase with the PRC to light which causes a phase advance in the morning and a phase delay in
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the evenin
The shift of the circadian rhythm induced as depicted in the PRC is

a PD marker that may be considered indicative of melatonin’s efficacy in the treatment of jet
lag. A number of studies have investigated the PRC produced after administration of exogenous
melatonin at a_specific time and after subtraction of the bascline PRC estimated before
administration

also supported by the fact that the observed differences on the effects of melatonin in
relation to administration time are not due to differences in PKs but probably due to a
difference in the concentration of endogenous melatonin and in the phase of circadian

roman riythr

Serum melatonin levels jn normal bumans are very low during most of the day (10 pg/ml) but
increase significantly to a mean of 80 pg/ml (range: 30-120 pg/ml) between 02:00 and 04:00
moming hours and remain elevated during the normal hours of sleep, falling sharply to daytime
values around 09:00_ Melatonin doses of 0.1-0.3 mg
taken during daytime generated melatonin Cmax In serum within the normal nocturnal ranges
of untreated people. Administration of such doses and higher ones produce measurable
hypnotic effects independently of the circadian time signal synchronising action. This
underlines the importance of administration time in relation to the desired effects. PK
studies have shown that serum melatonin levels return to the basal level within 4 h after a 2-
mg oral dose, while with an 80-mg oral dose, melatoniin level increased from 17 pg/ml (basal
level) to 25,800 pg/m] within 1 h and decreased to 203 pg/m] in 10 h. Unlike the sustained

blood levels observed from endogenous release, oral doses produce a rapid increase in blood
concentration followed by a rapid decrease*

In an attempt to investigate the potential dose-relationship when administering exogenous
melatonin evaluated the phase shift and the induced change in
core body temperature. Following administration of 0.5- and 3.0-mg melatonin doses at the
same clock times over 4 pulses (days), 3.0- and 3.9-h phase advances were observed,
respectively. As for the shifting in the temperature minimum to occur within afternoon/evening
was achieved by 73% of the volunteers receiving 3 mg and 56% of those taking 0.5 mg of
melatonin. A previous study established a dose-response relationship with IR 0.5-5.0 mg
melatonin, by evaluating the phase shift induced, sleep onset, sleep quality and the core body
temperature (Table 15). In this study, in 6 healthy volunteers took a non-conventional oral

dosaie form consisting of a milk suspension of a corn-oil imelatonin preparation _

Table 15. PK-PD relationship of melatonin

Abbreyiations: Crmue, maximal plasima/$erum concentsation; Tiax, time 10 Cruy; tY2p, elimination hatf-life; AUC

area-under-the-curve plasma/serum concentrations; (*) Acute effecis on core body temperature suggest that the
half-maximal response occurs in these concentrations

Dose Administration T (i) Conx thhy Plasma concentration at Phase
{mg) time (h) e (pg/ml) (min) maximum response (*) (pmal/L) | advance (h)
0.05 }7:00 30 118 4.8 ~430 0.36
0.50 ’ 60 1,327 42.6 4,300 0.69
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Dose Administration Toss (min) Con tag Plasma concentration at Phase
(mg) time (h) — (pg/ml) (min) | maximum response (*) (pmol/L) | advance (h)
5.00 30 18,495 702 1.43 |

Burgess and colleagues demonstrated that both 3 and 0.5 mg of melatonin induced a mean
phase advance and a mean phase delay of the same magnitude, i.e;, ~1.5 h

showed that 0.5 and 5.0 mg of
[R melatonin were practically equally effective in alleviating jet lag, while 2-mg melatonin as
a SR formulation was less effective. The better results obtained with IR compared to SR
formulations were also observed in another study after administration of 3-mg melatonin as an
IR, a SR and a formulation consisting of 25% TR+75% of SR | GczG. Tus. R
formulations are more efficacious in the treatment of jet lag than controlled-release dosage
forms

As mentioned, the range of salivary melatonin fevels is directly correlated with plasma levels;
indeed, they are 27-32% of those measured in blood *

. Thus, measurements in sabiva may be also wndicative of
melatonin PKs. In a study proving the efficacy of melatonin in resynchronisation after a 7-h
eastward travel, salivary melatonin was measured before travel (control) and then, volunteers
were divided inte placebo, 5 mg IR melatonin and 300 mg slow-release caffeine. Saliva
melatonin contro) levels ranged between 0.14-409 pg/ml (mean: 30 pg/ml). The placebo group
had saliva melatonwn concentrations significantly higher starting 3 days post-flight. Both the
melatonin and the caffeine group maintained the saliva melatonin and thus, plasma levels near
to control levels almost for all days of the experiment (30 pg/m) measured at 07:00) -

In the study of || || | | | . tbe sa!ivary samples contained >300 pg/ml melatonin 1 h
after administration of 3-mg melatonin, which is in accordance with previous PK findings

proving that the maximum levefs of melatonin and thus maximum effects are noticed about 1
h post-dose. Thus, the plasma levels achieved with an IR dosage form about 1 h post-
administration may be indicative of its efficacy (Table 16).

Table 16. Plasma concentrations produced | h after melatonin administration as a single IR
oral formulation (data fromh

Dose (mg) Plasma levels (pg/ml)
0.1 50
0.3 120
1.0 400
2.0 1.900
10.0 6,300
80.0 25,800

However, there is no direct dose-response relationship, especially in terms of jet lag
management or phase shifting, probably due to the inherent vanability of circadian rhythms

among humans |
ﬁ A non-linear dose response in metatonin PRC with onli ~40% increased amplitude

for a S00% larger dose has been demonstrated Based on dose-response
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studies evaluating sleep onset, it was proved that MTs are saturated at levels >200 pg/ml, as

doses from 0.3 to 10.0 mg iroduced effects of similar magnitude

Daytime sleepiness, the only common adverse reaction of melatonin when administered for jet
lag, has been shown to be dose-dependent. Since the most common used methodologies to
evaluate the effects of melatonin on prevention and treatment of jet lag and treatment of shift
work disorder include self-rated Visual Analogue Scale (VAS), Profile of Mood States
(POMS), actigraphy, sleep diaries and questionnaires, the correlation of concentration-time
curves of melatonin and desired clinical effects is difficult. Most of the clinical studies evaluate
the fatigue, the daytime tiredness, the onset of sleep at destination the onset and quality of
sleep, the psychological functioning and the duration of return to normal. On the other hand,
melatonin displays a high inter-individual variability in the parameter of serum levels and the
correlation of different doses of melatonin with the clinical effect is therefore difficult, In the
study of melatonin dosing induced dose-dependently decrements
in alertness and performance efficiency. Moreover, 0.5 and 3.0 mg of melatonin induced the
same magnitude of phase advance (~! h), while the 3.0-dose caused sleepiness and

erformance decrement in the period between melatonin ingestion and bedtimes ||| | | Gz
N [ - study of | b sieep schedule advance

combined with both early moming light and afternoon melatonin treatment (0.5 or 3 mg), it
was. demonstrated that the addition of melatonin caused a signitficantly greater phase advance
of 2.5 h. Although there was no significant difference in phase shift between the 2 doses, a
slight difference was noted in the sleepiness they produced. The 3.0-mg dose made subjects
sleepier, whereas sleepiness after the 0.5-mag dose was almost identical to that observed after

piscco S

Overall, it has been proven that even doses as low as 0.5 mg are sufficient to promote phase
advances or phase delays, dependently on the time of administration and thus is effective for

the prevention, treatment and/or alleviation of jet lag _
High doses of melatonin (5-80 mg) are soporific, as
welaionis mainly exert s Iypootic frect N

In general, many reviews and reports, based
on subjective measures of jct lag suggested that melatonin is effective at doses of 2-5 mg taken
shortly before bedfime . It was also
proved that IR formulations are more efficacious in the treatment of jet lag than controlled
release formulations

Resuming the aforementioned findings, it seems that doses that produce plasma levels over
200-400 pg/ml (produced with approximately 0.5-1.0 mg IR melatonin), are deemed efficient
and safe, when the time of administration is the appropriate for the treatment of jet lag. Thus,
Jow IR doses administered shortly before bedtime in the new time zone are hypothesised from
a PD point of view to be beneficial in alleviating perceived jet lag effects.
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2.5.3.2 PHARMACODYNAMICS

Melatonin is involved within the whole circadian system and influences the induction of sleep;
it is secreted at night by the pineal gland located behind the 3™ ventricle in the brain with daily
and seasonal rhythms mainly under the control of the circadian oscillator located in the
suprachiasmatic nucleus (SCN) where MTs are present || | | | I 1! is rclcased into
the blood and cerebrospinal fluid (CSF). Meclatonin s synthesised in several other structures
(retina, Harderian gland, gut) as well where the genetic expression and brochemical activity of
the melatonin-synthesising enzymes have been detected. During the day, plasma melatonin
levels are low; at night, they rise 10 to 100-fold or more in young adults, but by considerably
less in older people who often may have frequent nocturnal awakenings as a consequence. Very
small oral melatonin doses raise daytime plasma melatonin to night-time levels, thus making it
easier for people to fall asleep in the afternoon or evening. Such doses can also help older
people remain asleep during the night. Circulating melatonin is mostly 6-hydroxylated by
hepatic P450 monooxygenases and excreted as 6-sulphatoxymetatonin. Pyrrole-ring cleavage
is of higher importance in other tissues, especially the brain. The product, N'-acetyl-N?-formyl-
5-methoxykynuramine, is formed by enzymatic, pseudoenzymatic, photocatalytic, and
numerous free-radical reactions. Additional metabolites result from hydroxylation and
nitrosation. The secondary metabolite, N'-acetyl-5-methoxykynuramine, supports
mitochondrial function and downregulates cyclooxygenase (COX)-2. Antioxidative protection,
safeguarding of mitochondrial electron flux and in particular, neuroprotection, have been
demonstrated in many experimental systems. Melatonin has also occasionally been claimed to

confer other medical benefits, e.g., preventing such age-related diseases as atherosclerosis,

2.5.3.2.1 Mechanism of action

Melatonin, a derivative of tryptophan, is a natural indoleamine horinone produced (from
serotonin) by the pineal gland of humans and other mammals; chemically, it is not related to
the steroid or peptide hormones. Tryptophan is first 5-hydroxylated (by tryptophan
hydroxylase) and then decarboxylated (by aromatic L-amino acid decarboxylase) to form 5-
hydroxytryptamine or serotonin (Figure 4). During daylight hours, the serotonin in
pinealocytes tends to be stored and is unavailable to enzymes (monoamine oxidase [MAQO] and
the melatonin-forming enzymes) that would otherwise act on it. With the onset of darkness,
postganglionic sympathetic outflow to the pineal increases and the consequent release of

norepinephrine onto pincalocytes causes stored serotonin to become accessible for intracellular
metabolism
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F iiure 4. Pathway of melatonin synthesis in the pineal gland _

At the same time, norepinephrine activates the enzymes that convert serotonin te N-
acetylserotonin and then to melatonin, especially serotonin-N-acetyltransferase and
hydroxyindole-O-methylt‘ransferaszﬂ Consequently, pineal melatonin
Jevels rise manifold and then diffuses out of the pineal gland into the blood stream and CSF,
rapidly raising human plasma melatonin levels from about 2-10 to 100-200 pg/ml. Melatonin
binds to MT type 1A. which then acts on adenylate cylcase and the inhibition of a cyclic
adenosine monophosphate (cAMP) signal transduction pathway. Melatonin not only inhibits
adenylate cyclase, but it also activates pbospholipase C (PLC); this potentiates the release of
arachidonate. By binding to MTs | and 2, the downstream signallling cascades have varnious
effects in the body. The MTs are G protein-coupled receptors (GPCRs) and are expressed in
varous tissues of the body. There are two subtypes of the receptor in humans, the MT1 and
MT?2. Melatonin and MT-agonists, on market or in clinical trials, all bind to and activate both
receptor types, causing numerous physiological processes. MT1 receptors are expressed in
many regions of the CNS, i.e., SCN, hippocampus, substantia nigra, cerebellum, central
dopaminergic pathways, ventral tegmental area and nucleus accumbens. They are also
expressed in the retina, ovary, testis, mamunary gland, coronary circulation and aorta,
gallbladder, liver, kidney, skin and the immune system. MT2 receptors are expressed mainly
in the CNS, also in the lung, cardiac, coronary and aortic tissue, myomenium and granulosa
cells, immune cells, duodenum and adipocytes. The binding of melatonin to MTs activates a
few signaling pathways. MT1 receptor activation inhibits the adenylyl cyctase, and its
inhibition causes a rippling effect of non-activation; starting with decreasing formation of
cAMP, and then progressing to less protein kinase A (PKA) activity, which in turn hinders the
phosphorilation of cAMP responsive element-binding protein (CREB binding protein) into P-
CREB. MT1 receptors also activate PLC, affect ion channels and regulate ion flux inside the
cell. The binding of metatonin to MT2 receptor inhibits adenylyt cyclase which decreases the
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formation of cAMP. As well it hinders guanylyl cyclase and thercfore the forming of cyclic
guanosine monophosphate (¢cGMP). Binding to MT2 receptors probably affects PLC which
increases PKC activity. Activation of the receptor can lead to ion flux inside the cell

a Melatonin has a role in ocular
pathophysiology. In addition to the pineal gland, melatonin synthesis is carried out in several
ocular structures. Moreover, specific MTs have been located in the retina, cornea, ciliary body,

lens, choroid and sclera, which suggests that cells in these tissues may be targets for melatonin
action * The following Figure illustrates the basic

mechanism of action of melatonin.
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Figure 5. Diagrammatic representation of the control of production and the functions of
roelatonin, regarding seasonal and circadian timing mechanisims. Abbreviations: SCN:
suprachiasmatic nucleus, PVN: paraventricular nucleus, SCG: superior cervical ganglion, NA:

noreiineihrine (noradrenalin), RHT: reﬂno-hﬁothalamic-tract, CCG: clock-controlled genes

Melatonin acts by 4 mechanisms in mammals, t.c., (1) binding to MTs in plasma membrane;
(1) binding to intracellular proteins such as calmoduline: (i) binding to orphan nuclear

receitors; iivi antioxidant effect

Melatonin interacts with intracellular proteins named calmoduline, calreticulin and tubulin.

Calmoduline is an intracellular secondary messenger. Melatonin directly antagonises binding
of calcium 1o calmodutine N

antiproliferative effects in cancer may be related to this. Retinoid-related orphan nuclear
hormone receptor family (RZR/ROR) is responsible for the immunomodulatory effects of

melatonin. Interleukin (11.)-2 and I1.-6 are produced in mononuclear cells by this mechanism
There are 3 different membrane

receptors and 1 nuclear receptor. In humans, MTs are also detected in several organs, including
brain and retina, cardiovascular system, liver and gallbladder, intesting, kidney, immune cells,
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adiiocies‘ iros-tate and breast epithelial cells, ovary/granuloesa cells, myometrium and skin

o Melatonin receptor type la: MT! (or else Mella, ML1a, MT1, MTNRIA)

[t is encoded in human chromosome #4 and consists of 351 amino acids (Li et al., 20/3). MT1
constitutes adenylate cyclase inhibition by binding to various G-proteins

- MTI receptors are commonly found in human skin. During aging process and
Alzheimer’s disease, the expression of MTI in SCN and cortex decreases h

MT]1 receptors reduce the neuronal discharge rate in SCN and suppress prolactin

secretion
o Melatonin receptor type 1b: MT2 (or Mel 1b, ML1b. MT2, MTNRIB)

[t is encoded in human chromosome 11 and consists of 363 amino acids_ MT2
creates adenylate cyclase inhibition by binding to various G-proteins. Additionally, tt inhibits
the soluble guanylyl cyclase pathway ] Through MT activation,

adenilate ciolase inhibition occurs and the production of cAMP is reduced _

In the skin, MT2s are located within normal and malign melanocytes and eccrine sweat glands

_. They inhibit gamma-aminobutyric acid (GABA) A receptor-
related functions in the hippocampus in rats _WrLln Alzheimer’s disease, MT2

expression is reduced. MT?2 receptors contribute to the pathophysiology and pharmacology of
sleep disorders, anxiety, depression, Alzheimer’s discase and pain as well as to antidepressant
activity. MT2 receptors are responsible for anxiolytic effects of melatonin. Pharmacological
studies have revealed that MT2 regulates sleep, particularly non-rapid eye movement sleep
(NREMS). MT2 ligands have more powerful hypnotic properties when compared to non-

selective MTI/MT? ligands (G

The MT3 subtype (or else Mellc, MTNRIC) is not present in humans but is found in fish,
amphibians and birds. In chicken, the rhythm of MT3 is the oiiosi-te of MT1 and MT2. Its

Jevel ts highest at daytime and lowest at night-time MT3 or clse the enzyme
quinone reductase 2 (QR2) belongs to thc reductase group, invoived in prevention from
oxidafive stress by inhibiting the electron transfer reactions of quinones _
There is additional evidence for its involvement in regulation of iatraocular pressure.
MT3 1s located n the liver, kidney, heart, lung, intestine, muscle and brown fat tissue

o Retinoid-related Orphan nuclear hormone receptor family (RZR/RORa,):

Via this receptor, melatonin binds to the transcription factors in nucleus which belong to
rtinoic acid receptor super-unly [N

o  Melatonin-related Orphan receptor; ‘X linked Orphan G-protein coupled’ (GPR50:
H9, ML1X)
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It is an X-linked inherited receptor, binding to G-protein. It is the orthologue of MT3, which is
found in non-mammalian living creatures. This recepror’s gene is located on the X
chromosome (Xq28) and consists of 618 amino acids. It is present in all mammalians including

humans. It does not have the characteristics of binding to melatonin: however, it is effective in
binding of melatonin to MT1 * GPR50 is located in the
brain and periphery and its natural ligand has not been defined yet. It has no affinity to
melatonin, however, when it dimerises with MT 1, it inhibits the melatonin signal ﬂ

— GPRS0 also pesseses other functions apart from melatonin; it
interacts with neurite outgrow inhibitor and TIP60 (glucocorticoid receptor signal co-activator
and histone acetyltransferase)

2.5.3.2.2 Pharmacodynamic effects

In mammals, the SCN-activated, light-inhibited production of melatonin conveys the message
of darkness to the clock and induces night-state physiological functions, for example,
sleep/wake blood pressure and metabolism. Clinically meaningful effects of melatonin
treatment have been demonstrated in placebo-controtied tmals in humans, particularly n
disorders associated with diminished or misaligned melatonin rhythms, for example, circadian
rhythm-related sleep disorders, jet lag and SWD, insomnia in children with
neurodevelopmental disorders, poor (non-restorative) sleep quality, non-dipping nocturnal
blood pressure (nocturnal hypertension) and Alzheimer’s disease. The diminished production
of melatonin at the very early stages of Alzheimer’s disease, the role of melatonin in the
restorative value of sleep (perceived sleep quality) and its sleep-anticipating effects resulting
in aftenuated activation of certain brain networks are gaining a new perspective as the role of

oor slecp quality in the build-up of B-amyloid, particularly in the precuncus, is unraveled
Melatonin may also promote sleepiness via its effects on

peripheral vessels. It induces a vasodilation itself leading in turn to an increase of skin
temperature which constitutes an effective signal for sleepiness. This last effect may be the
prominent mechanism of action of cxogenous melatonin _

Circadian regulation of sleep

The neurons of the major circadian clock, the SCN of the hypothalamus, are normally active
during the day and slow down at night. The activation of SCN neurons has an inhibitory effect
on the pineal gland, defining a nocturnal pattern of melatonin secretion, If SCN neurons are
activated at night, e.g., by environmental light perceived by the retina, melatonin production
declines. Melatonin, in turn, can acutely attenuate the activity of SCN. This action of melatonin
1s likely to support a normal decline in the activity of the SCN at might, further promoting
melatonin secretion and contributing to an overall increase in the amplitude of circadian body
rhythms. A temporal and functional interplay between melatonin and SCN and their response
to environmental light promote a temporal alignment of multiple circadian body rhythms with
each other (internal synchronisation) and with the periodic changes in the environment
(external synchronisation). In addition to an acute inhibition of SCN activity, melatonin
administration can also produce a shift in the circadian phase of SCN activity, either advancing
or delaying its onset. The direction of the phase-shift depends on the time of melatonin
treatment, i.e., administration of melatonin in the late afternoon can advance the circadian
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clock, while early-morning treatment can cause a phase delay _ In vitro
studies have suggested that a chronobiological effect of melatonin, i.e., the induction of

circadian phase shift, is likely to be explained by its direct effect on SCN neurons via specific,
most likely, MT2 receptor . Although the
magnitude of the melatonin-induced phase shifts can vary between the species. the overall
phenomenon appears to be well-conserved. Such phase shifts in the circadian oscillation of
SCN activity may change the physiological and behavioural rhythmicity of the entire organism,
including the sleep-wake cycle, and can significantly affect the sleep quality in both noctumal
and diwmnal species. In humans suffering from circadran sleep disorders, daily melatonin

treatment can help to reinforce the circadian synchronisation with the environment and entrain
the physiological rhythms to a 24-h cycle _

Older people typically exhibit poor sleep efficiency and reduced nocturnal plasma melatonio
levels. The daytime administration of oral melatonin to younger people, in doses that raise their
plasma melatonin levels to the nocturnal range, can accelerate sleep onset. The ability of
similar, physiological doses. to restore night-time melatonin levels aud sleep efficiency in was
examined insoromac subjects over 50 years of age. [n a double-biind, ptacebo-controlled study,
subjects who slept normally (n=15) or exhibited actigraphically confirmed decreases in sleep
efficiency (n=15) received, in randomised order, a placebo and three melatonin doses (0.1, 0.3
and 3.0 mg) orally 30 min before bedtime for a week. Treatments were separated by 1-week
washout periods. Sleep data were obtained by polysomnography on the last 3 nights of each
treatment period. The physiologic melatonin dose (0.3 mg) restored sleep efficiency
(P<0.0001), acting principally in the mid-third of the night; it also elevated plasma melatonin
levels (P<0.0008) to normal. The pharmacologic dose (3.0 mg), like the towest dose (0.1 mg),
also improved sleep; however, it induced hypothermia and caused plasma melatonin to remain
elevated into the daylight hours. Although control subjects, like insomniacs, had low melatonin
levels, their sleep was unaffected by any melatonin dose

Whether melatomin can facilitate phase shifts in a simulated night-work protocol has been
tested in 32 subjects, slept in the aftemoons/evenings before night work (a 7-h advance of the
sleep schedule), who received melatonin (0.5 or 3.0 mg) or placebo before the 1™ h of 8
aftermoon/evening sleep episodes at a time when melatonin has been shown to phase advance
the circadian clock. Melatonin produced larger phase advances than placebo in the circadian
rhythms of melatonin and temperature. Average phase advances (£SD) of the dim light
melatonin onset (DLMO) were 1.7+1.2 h (placebo), 3.0+1.1 b (0.5 mg) and 3.9+0.5 h (3.0 mg).
A measure of circadian adaptation, shifting the temperature minimum enough to occur within

afternoon/evening sleep, showed that only subjects given melatonin achieved this goal (73%
with 3.0 me, 56% with 0.5 me and 0% with placebo) I

A subsequent study, involving healthy adults (25 males and 19 females; aged 19-45 years),
demonstrated that afternoon melatonin, morning intermittent bright light and a gradually
advancing sleep schedule advanced circadian rhythms almost 1 h/day, tbus, producing very
little- circadian misalignment. In particular, there were 3 days of a gradually advancing
sleep/dark period (wake time | h earlier each morning), bright light on awakening (four 30-

min bright-light pulses of ~5,000 Ix alternating with 30 min room light <60 Ix) and afternoon
melatonin, either 0.5 or 3.0 mg melatonin timed to induce maximal phase advances, or
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matching placebo. According to the results, there were significantly larger phase advances with
0.5 mg (2.5 h, n=16) and 3.0 mg melatonin (2.6 h, n=13), compared to placebo (1.7 h, n=15).

There was no difference between melatonin doses. Subjects did not experience jet lag-type
symptoms during the 3-day treatment —

In a double-blind placebo-controlled parallel-group study of a 27-day forced desynchrony
paradigm with a 20-h scheduled sleep-wake cycle, 36 healthy adults (aged, 18-30 years; 21
men and 15 women) received orally either melatonin (0.3 mg or 5.0 mg) or placebo, 30 min
prior to each 6.67-h sleep episode during forced desynchrony. Both melatonin doses improved
polysomnographically determined sleep efficiency from 77% in the placebo group to 83% for
sleep episodes occurring during circadian phases when endogenous melatonin was absent.
However, this remained below the average sleep efficiency of 88% observed during sleep
eptsodes scheduled during the circadian night, when endogenous melatonin was present.
Melatonin did not significapntly affect sleep initiation or core body temperature. Melatonin

appeared to maintain efficacy across the study and did not significantly affect percentages of
slow-wave sleep or rapid eye movement (REM) s]eepﬂ

2.5.3.23 Effects on critical functions

Early evidence has indicated that melatonin has an immune-haematopoietic role. In animal
studies, melatonin provided protection against gram-negative septic shock, prevented stress-
induced 1mmunodepression aud restored unmune function after a baemorrhagic shock. In
human studies, melatonin amplified the antitumoural activity of IL-2; also, it has been proven
as a powerful cytostatic drug in vitro and in vivo. In the buman clinical field, melatonin appears
to be a promising agent either as a diagnostic or prognostic marker of neoplastic diseases or as
a compound used either alone or in combination with the standard cancer treatment. In the
cardiovascular systern, melatonin seems to regulate the tone of cerebral arteries; MTs n
vascular beds appear to participate in the regulation of body temperature. Heat loss may be the
principal mechanism in the tmtiation of sleepiness caused by melatonin. The role of melatonin
in the development of migraine headaches is at present uncertain but more research could result
in new ways of treatiment. It is the major messenger of light-dependent periodicity, implicated
in the seasonal reproduction of aniimals and pubertal development in humans. Multiple receptor
sites dctected 1o brain and gonadal tissues of birds and maminals of both sexes indicate that
melatonin exerts a direct effect on the vertebrate reproductive organs. In addition, melatonin is
one of the most powerful scavengers of free radicals. Because it easily penetrates the BBB, this
antioxidant may be used for the treatment of Alzheimer’s and Parkinson’s diseases, stroke,
nitric oxide, neurotoxicity and hyperbaric oxygen exposure. lu the digestive tract, melatonin

reduced the incidence and severity of gastric ulcers and prevented severe symptoms of colitis,
such as mucosal lesions and diarthoe
Endocrine functions

As presented and discussed in the Non Ciinical Overview (Module 2.4), results of a number of
in vivo and in vitro experiments have demonstrated that the effect of melatonin on prolactin,
luteinising hormone (LH) and follicle-stimulating hormone (FSH) synthesis and secretion
depends on the animal species, age, sex, the concentration of the hormone and experimental
conditions. Moreover, the melatonin-responsive arterior lobe of the pituitary is an intermediate
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in the control of prolactin secretion, while the melatonin-binding sites of the mediobasal
hypothalamus are involved in the gonadotropic response to melatonin

In an early double-blind crossover clinical study, at two different times of year (spring and
autumn), 12 healthy volunteers (10 men and 2 women in spring, minus | man in autumn) were
administered an oral preparation of melatonin (2 mg in 5 m!l corn oil) or placebo (vehicle only)
daily, at 17:00 for 1 month (spring) or 3 weeks (autumn). In spring, the anterior pituitary
hormones LH, prolactin, growth hormone (GH) together with the thyroid hormone thyroxine
(T4), cortisol, testosterone and melatorun were measured at 1- to 6-h intervals for 24 h in
plasma on the day after the last dose. In autumn prolactive, cortisol and melatonin levels were
determined on the last day of treatment. Subjective fatigue, mood and sleep records were kept
throughout the studies. Melatonin increased early evening fatigue and actual sleep but had no
effect on mood. Melatormin administration had no effect on the concentrations or 24-h rhythm
of LH, GH, T4, testosterone or cortisol. An earlier fall in the nocturnal prolactin was observed
on both occasions. Overall, prolactin levels were higher in spring than in autumn. In 5 subjects,

secretion of endogenous melatonin was advanced by 1-3 h following exogenous melatonin
dosin
A systematic review conducted by_ evaluated available published studies

about melatonin action on the ovarian granulosa/theca interna cells. Seven studies retrieved
from the scientific literature databases about melatonin action on granulosa cells were selected.
Based on the overall results, the following can be attributed to the hormone’s effects: a)
progesterone increase in culture medium; b) increased oestrogen production; ¢) antagonistic
action on oestrogen; d) improvement in cell quality resuiting in improved embryo and higher
pregnancy rates; ¢) improved cell proliferation via mitogen-activated protein Kinase; f)
reduction of free radicals. Nevertheless, there are eontrarian papers reporting a reduction in
progesterone production when high deses of melatonin are administered. Melatonin interferes
in sex steroid production, boosting progesterone output. Such an action may help improve

oocyte quality.

The results of an early double-blind, randomised, crossover study have confirmed the nocturnal
increase in melatonin could contribute to the patterns of oxytocin, vasopressin and GH release
scen over 24 h. In that study, 8 healthy male volunteers (mean £ SD age: 21+0.5 years) received
melatonin in doses of 0.05, 0.5 or 5.0 mg or placebo. Melatonin produced dose-dependent
changes in circulating concentrations of oxytocin and vasopressin, the 0.5-mg dose being
stimulatory, whereas 5.0 mg was inhibitory. These two doses stimulated GH release. There was

no significant effect on prolactin or cortisol reicase _

evaluated the secretion of melatonin, 1 7B-oestradiol and FSH in
relation to body mass index (BMI) in 90 pre- and postmenopausal women. Subjects were
divided into 3 equal groups, i.e., group I (control)-women without menstrual disorders, group
[I-postmenopausal women without change in appetite and body weight, group IlI-
postmenopausal women experiencing increased appetite and weight gain. Compared to the
control group, the Jevel of melatonin and oestradiol was statistically lower. The FSH level was
higher than in the groups of postmenopausal women. No significant correlation was found in
all groups between the level of melatonin and the levels of oestradiol and FSH. A negative
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correlation was found between 6-sulphatoxymelatonin excretion and BMI and a positive
correlation was noted between the level of FSH and BMI, mainly in overweight women.

In studies involving blind humans, a single oral melatonin dose at bedtime suppressed
noctwrnal cortisol secretion. However, suppregsion ] n Se - jnipr
sleep after melatonin in these experiments

examined whether melatonin exerts a similar inhibitory effect on hypothalamic-pituitary-
adrenal (HPA) activity in 14 healthy young waking men, tested at bedtime, but kept awake
throughout the experimental epoch. Thirty minutes after oral ingestion of 5 mg of melatonin,
the activity of HPA-systemn was stimulated through a standard insulin-induced hypoglycaemia.
Adrenocorticotrophin hormone (ACTH) and cortisol concentrations under basal conditions
before insulin injection, as well as in response to insulin-induced hypoglycaemia, were almost
identical for the melatonin and placebo control conditions (P>0.5). However, melatonin
increased plasma prolactin level (P<0.0]) and reduced systolic BP in the time interval
folowing hypoglycaemia (P<0.05). It was concluded that melatonin per se has no substantially
suppressing effect on HPA secretory activity, although such an effect can be gated by sleep-
related processes.

Other representative studies demonstrating the potential endocrine effects following
administration melatonin in men and women are presented and discussed in Section 2.5.5.7./
Safety in special populations’, particularly in ‘Fertility and reproduction’.

Pregnancy und ageing

There is a growing consensus that the antioxidant and anti-inflammatory properties of
melatonin are of great importance in preserving the body functions and homeostasis, with great
impact in the peripartum period and adult life. Melatonin supplementation during pregnancy
can reduce ischaemia-induced oxidative damage in the fetal brain, increase offspring survival
in inflammatory states and reduce BP in the adult offspring. In adulthood, disturbances in
melatonin production negatively impact the progression of cardiovascular risk factors and
promote cardiovascular and neurodegenerative diseases. The most studied cardiovascular
effects of melatonin are linked to hypertension and myocardial ischaemia/reperfusion injury,

while the most promising ones are linked to regaining control of metabolic syndrome
componcrs I

Cardiovascular disorders

Substantial evidence supports the importance of endogenous melatontn in cardiovascular
health and the benefits of melatonin supplementation in various cardiac pathologies and
cardiometabolic disorders. Melatonin plays a crucial role in major pathological processes

associated with heart failure including ischaemic injurv, oxidative stress. apoptosis and cardiac
remodeling

Cancer

From the epidemiological research, it has been postulated that melatonin has significant
apoptotic, angiogenic, oncostatic and antiproliferative effects on various oncological cells,
Some anticancer mechanisms of melatonin action include stimulation of apoptosis, MT1 and
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MT2 stimulation, parosurvival signal regulation, the hindering of angiogenesis, epigenetic
alteration and metastasis. The use of melatonin as an adjuvant with chemotherapeutic drugs for
the reinforcement of therapeutic effects has been discussed in the last decades ﬂ
B Recently, interest has shifted towards the role of melatonin on tumour metastases: Due
to the broad range of the actions of melatonin, the mechanisms underlying its ability to interfere
with metastases are numerous and include modulation of cell-cell and cell-matrix interaction,

extracellular matrix remodeling by matrix metalloproteinases, cytoskeleton reorganisation,
epithelial-mesenchymal transition and angiogenesis _

GI tract

The GI tract is a major source of extrapineal melatonin. In some animal species, tissue
concentrations of melatomin in the GI tract surpass blood levels by 10-100 times and the
digestive tract contributes significantly to melatonin concentratiops in the peripheral blood,
particularly during the day. Some melatonin found in the GI tract may onginate from the pineal
gland, as the organs of the digestive system contain binding sites, which in some species exhibit
circadian variation. Unlike the production of pineal melatonin, which is under the
photoperiodic control, release of GI melatonin seems to be related to periodicity of food intake.
Melatonin and melatonin binding sites were Jocalised in all GI tissues of mamimalian and avian
embryos. Postnatally, melatonin was localised in the GI tract of newborn mice and rats.
Phylogenetically, melatonin and melatonin binding sites were detected in GI tract of numerous
mammmals, birds and lower vertebrates. Melatonin is probably produced in the serotorun-rich
enterochromaffin cells of the Gl mucosa and can be released into the portal vein postprandially.
[n addition, melatonin can act as an autocrine or a paracrine hormone, affecting the function of
Gl epithelium, lymphatic tissues of the immune system and the smooth muscles of the digestive
tube and as a luminal hormone, synchronising the sequential digestive processes. Higher
peripheral and tissue levels of melatonin were observed not only after food intake but also after
a long-term food deprivation. Such melatonin release may have a direct effect on the various
GI tissues but may also act indirectly via the CNS. Melatonin can protect Gl mucosa from
ulceration by its antioxidant action, stimulation of the immune system and by fostering
microcirculation and epithelial regeneration. It may reduce the secretion of pepsin and the
hydrochloric acid and influence the activity of the myoelectric complexes of the gut via its
action in the CNS. Tissue or blood levels of melatonin may serve as a marker of GI lesions or
tumours. Therefore, it has a potential for a prevention or treatment of colorectal cancer,
ulcerative colitis, IBS, children colic and diarrhoea
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2.5.4 OVERVIEW OF EFFICACY

In Europe, melatonin was available for many years as an unlicensed medication and in many
different formulations (tablets, capsuies and liguids) of vartable dosages. It has been widely
available as an OTC medicinal product _d[R drug products are also
authorised, including as indication the treatment of jet lag and SWD. In the US, synthetic
melatonin has also been available as an OTC preparation. Food supplements also contain
melatonin as sleep aids. Melatonin has been widely available to patients of the community as
a food supplement used as a sleep aid. The different brands are specifically labelled with this
claim. As already mentioned, following a request from the EC, the EFSA NDA Panel was
asked to provide a secientific substantiation of a health claim in relation to melatonin and
alleviation of subjective feelings of jet lag _ The claimed effect is “sleep-wake
cycle regulation” and the target population is assumed to be the general population. In weighing
the evidence, the Panel took into consideration the conciusions of the Cochrane review
I i indicated that melatonin was effective in alleviating
the subjective symptoms of et {ag. On the basis of the data presented, the Panel concluded that
a cause-and-effect relationship has been established between the consumption of melatonin and
alleviation of subjective feelings of jet lag.

In order to elaborate on melatonin’s well-established use based on publicly available data also
for the indications of SWD in adults and sleep disorders for paediatric patients with ADHD, a
thorough literature review was performed, aiming to properly describe the relevant aspects
regarding the efficacy and safety of the drug in those indications. In particular, published data
were assessed in order to elucidate the time over which melatonin has been in use for the
treatment of these conditions, the doses implemented. the degree of scientific interest in the use
of the substance and the coherence of scientific evaluations.

2.54.1 JET LAG

In order to elaborate on the WEU of melatonin for the management of jet lag based on publicly
available data, a thorough literature review was performed, aiming to properly describe the
relevant aspects regarding the efficacy and safety of the active substance. Therefore, after a
detailed evaluation of the literature, published data were assessed in order to elucidate the time
over which melatonin has been in use for the treatment of jet lag and SWDs, doses
implemented, the degree of scientific interest in the use of the substance and the coherence of
scientific evaluations.

Excretion of melatonin from the pineal gland and its action on melanocytes have been known
since its first in vivo isolation by A. Lerner. However, most importantly, it was identified that
the first clinical studies evaluating its efficacy and safety in the treatment of jet-Ja

have
reviewed as

been published since the late ‘80s. Melatonin efficacy aspects are currently bein
noticed in many reviews and meta-analyses of clinical trials identified

In addition,
many published guidelines of medical organisations, associations and institutions promote the
use of melatonin in the treatment of jet lag, namely the AASM, British Association for
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Psychopharmacology, Health Canada, Mayo Clinic, the Intemational Federation of Sports
Medicine and the US National Academy of Sciences —
- A sc!ematlc representation o! t! e !|owchart !or t!e se|ectton o! amc|es !or t!e use o!

melatonin in jet lag is provided below.

c Electronic Databases Results (n=412) 0 new studies retrieved by expert-
K {Scopus= 366, PubMed=44, contact, hand-searching of conference
*&,’ CENTRAL =2) abstracts and reference search
J
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per]
c <
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> 84 duplicates removed
v
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£ (title/abstract)
c
o
t" ) 295 papers excluded as
(72} not relevant
v
33 full texts
>
E
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w
v
26 eliglble studies consldered for inclusion
=]
Q
- v
=
(%)
£ 24 studies with positive outcome 2 studies with negative outcome

Figure 6. Flowchart for selection of articles (based on PRISMA general principles) for the use
of melatonin in jet lag.

As depicted above, a thorough screening of the literature has identified 26 clinical studies
dealing with the use of melatonin in jet lag (Table 17). Among them, 16 studies involving both
eastwards and westwards travels concluded that melatonin is effective for the treatment of jet
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6 studies administered melatonin after inducing a phase shift

studies concluded that melatonin 1s not etfective for the freatment of jet lag
, one study concluded that melatonin was effective only if

its administration starts after travel ||| | | ) 2nd | study concluded that melatonin
does not alleviate subjective jet lag but helps resynchropisation of corlisol levels when

travelling eastwards

Table 17. Published clinical studies investigating the efficacy of melatonin in the treatment of

jet lag. Twenty-six studies found in the literature dealing with the use of melatonin in jet lag: 2 concluded that
melatonin has not any effect (red), 2 concluded that melatonin is beneficial with a specific dosing scheme and
under specific circumstances (yellow), 6 studies simulating pbase shifts proved that melatonin helps
resynchronisation (white) and 16 studies concluded that melatonin offers clinical benefits in the prevention,

treatment, or alleviation of jet lag (green).

Reference Study type | Doses N Time Directio | Time of Endpoints Conclusion
zones n administration
Double- Smg 17 § easnvard | Pee-flight at Subjective VAS jet Mclatonin
blind 18:001 for 3 days | lag. Slecp quality significantly
rondomised snd afer Mlight at Body tempemature. improved ‘jet lag’
placebo- 22-24:00h local Performance.
controlled time for 4 days Alermess.
Depression.
Endogenous
melatonin and
corliso) rhythms,
Double- Smg 52 8-9 castward | Pre-flight at Subjectvé VAS of Melatonin
blind {7:00am for 2 jet lag. General significantly
crossover days and after symptoras of jet lag improved ‘jet lag"
placebo- flight a1 22-24:00
controlled tocal Limg for 4
days (for phase
advance)
wastwar | Orly afier flight at
d 23-24:00 local
time for 4 days
(for phase delay)
Double- Smy 6l 9-11 castward | Pre-flight a1 Subjective VAS of Melatonin
blind (§:00am for 2 jet lag. General siynificantly
crossover days and after symptoms of jei lag improved ‘jet lag'
placebo- fMlight at 22-24:00
controiled tocal nme for 4
study days (for phase
advance)
westwar | Only afier {light at
d 22-24:00 local
time for 4 days
(for phase delay)
Double Smg 586 8-11 eastward | Pre-flight at Subjective VAS of 50% reduction of
blind cross 18:00am for2 jet lag. General selt- rated jei-lag,
over days and after symptons of jei lag
placcbo flight at 22-24:00
controlled local time for 4
days (for phase
udvance)
westwar | Only afier flight ai
d 22-24:00 local
ume for 4 days
(for phase delay)
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Reference Study type | Doses N Time Directio | Time of Endpoinfs Conclusion
Zones | administration
Coss over Smg 36 6.90r 11 | eastward | After flighta( Subjective VAS of Acceterated
placebo 23:00 local time jetlag. Cortisol cortisol
controlled of destination for blood levels re- atlaptation, non-
S days. ne pre- adaptation significant VAS
Might ircatment improvement
westwar Not significant
d improvement
compared 10
placebo
Double S§mg 37 46-8 castward | On flight day at Subjective VAS VAS of jet lag,
blind 17-18:00 and after | questionnainc en the | sleepiness and
randotmnised arrival at 22-23:00 | global Ireaiment sleep irmproved.
placebo loeal 1ime for 3 efficiency.
controlled days slecpiness.. mormsng
mood, fatigue, work
performance
Double 10 mg 29 8 casiward | For 2 days Sleep duration, Mclatonin
blind preflight al 15:30- | cognitive signiticnally
placebo 16:00 (pre-bed at performance, activity | improved
controlled destination time), hythms were endpoints and
on flight day recorded helped
15:30-1R:00h and | continously for I3 resynchroniation.
after armival 30niin | days
pre-bedtime for 4
days (for 8 hours
phase advange)
Doublé- 0.5 mg IR, 320 6-8 castward | Afier flight once Profite of Mood Meclatonin
blind 5.0 mg IR, daily at bedtime States (POMS). sleep | improved jet lag.
randomised | 2.0 mg CR for 4 days log, Jet tag IR betier than
placebo symplonts CR. Almost equal
controlled questtonnaines, eftects 0.5mg R
study. Karohinska with 5.0mg TR.

Sleepiness Scale However,

(KSS) hypnelic
propeftics of
me¢latonin, sleep
quality and steep
latency. were
significantly
greater with the
§.0-mg dosc.

Double- 1)5mg 137 6-9 eastward | After flight once Daily sleep logs All 3 treatments
bhind, melatonin daily at bedtime Symptoms’ led to a decrease
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Reference Study type | Doses N Time Directio | Time of Endpoinfs Conclusion
zones | administration
Double- Smp 20 12 eastward | Pre-Night at 10- Subjective VAS for VAS jet lag
blind, 12:00 (local time) | jet lag. Sleepimess. improved witly
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Reference Study type | Doses N Time Directio | Time of Endpoinfs Conclusion
zones | administration
and after arrival
for 3 days at 23:00
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Reference Study type | Doses Time Directio | Time of Endpoinfs Conclusion
zones 0 administration
for diffecent moring bright light lag Scale and from phase shift was
melulonm. exposure patiems Sanford Sleepiness equal 10 3mg
Scule
No plucebo | 5 mg 6 castward | Afrer-flight at Subjective Melatonin was
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After a first screening of the clinical studies i1dentified, the main difficulties regarding the
administration of melatonin in this indication reside in the posology, the dosing scheme, the
duration of treatment and significant variability in jet lag related to the time zones changed,
whether the ravel is eastward or westward and other idiosyncratic characteristics. Another
difficulty that this indication discloses is the lack of objective endpoints establishing its efficacy
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in a specific dose regimen for a specific period. The majority of studies used a subjective VAS
of jet lag to assess its treatment. Other subjective endpoints commonly used were daytime
sleepiness, alertness, depression, fatigue, performance in work or sperts etc. Only few studies
used objective measures such as wrist actigraphy, cortisol levels, melatonin tevels, sleep
characteristics (onset, latency, quality) and body teniperature. In order to clucidate these
aspects and conclude in an overall assessment based on published studies, an effort was
attempted by the Applicant o make a thorough analysis of the existing data in order to reach a
potential conclusion on those issues. The Applicant at first consulted several review papers and
as a second step has performed an anafysis of the data gathered, as presented below.

The meta-analysis of_ reviewing efficacy and safety of exogenous
melatonin in managing secondary sleep disorders and sleep disorders accompanying sleep
restriction, such as jet lag and SWD, concluded that melatonin does not have a significant
clinical bepefit. This may have been because the investigators mainly examined the effect of
melatonin on SOL or sleep efficiency, however, the mamn mechanism of action of melatonin
for jet lag is its aclion as a chronobiotic by helping resynchronisation of all circadian rhythms
resulting in less daytime fatigue and ameliorating many aspects of all-day long routine. It has
been proposed that the administration of 5 mg melatonin for the treatment of jet lag in athletes,
especially during dayt] ] hy in relation to athletic
performance and slee However, the Cochrane
meta-analysis found that melatonin, taken close to the target
bedtime at the destination (22:00 to midnight), decreased jet lag from flights crossing >5 time
zones, by including 10 trials that met the inclusion criteria. Eight of the 10 trials found that
roelatonin, taken close to the target bedtime at the destination (22:00 to midnight), decreased
jet-lag from flights crossing >5 time zones. Daily doses of melatonin between 0.5 and S mg are
similarly effective, except that people fall aslecp faster and sleep better after 5 mg than 0.5 mg.
Doses above 5 mg appear to be no more effective. The relative ineffectiveness of 2 mg slow-
release melatonin suggests that a short-lived higher peak concentration of melatonin works
better. The estimated number-needed-to-treat (NNT) is 2, based on the only two trials that gave
the necessary data. The benefit is Likely to be greater the more time zones are crossed, and less
for westward flights. The timing of the melatonin dose is important: if it 1s taken at the wrong
time, early in the day, it is liable to cause sleepiness and delay adaptation to local time. The
incidence of other side effects is low. The reviewers concluded that melatonin s remarkably
effective in preventing or reducing jet lag, and occasional short-term use appears to be safe. It
should be recommended to adult travelers flying across >5 time zones, particularly in an
easterly direction and especially if they have experienced jet lag on previous journeys.
Travellers crossing 2-4 time zones can also use it if need be “
—combincd Il randomised trials, combined the evidence using meta-
analysis and generated a summary of findings following the GRADE approach. It has been
concluded that the use of oral melatonin reduces symptoms associated with jet lag syndrome.

As aiready mentioned,
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the timing of administration is very important as receiving melatonin at times when it should
be reteased naturally helps re-adaptation to the new time zone by resetting the body’s biological
clock to match the new environmental time and thus attenuates symptoms of jet lag ﬂ
I Therefore, a well-programmed schedule of melatonin intake and Jight exposure
1s suggested to be followed dependently of the time zones crossed and the travel direction

For eastward travels, crossing <9 time zones, the proposed schedute
included 3 days of pretreatment with melatonin at doses of 2-5 mg at 14:00-18:00 local time,
while phase advancing also sleep and wake cycle ] h per day and controlling light exposure tn
the evening and after arrival 2-5 mg at 22:00-24:00 bedtime destination, i.e., 30-60 min before
bedtime for 3-5 days. For pre-adaptation delaying nomnnal sleep, travellers are recommended to
be exposed after armival to daylight till the destred bedtime and receive 2-5 mg melatonin after
arrival at 22:00-24:00 bedtime destination, i.e., 30-60 min before bedtime for 3-5 days. For
both eastwards and westwards travels crossing >9 time zones, despite the fact that there is not
an established scheme, the most cited included staying up later with exposure to bright light
and receiving | mg non-soporific dose of melatonin on rising for one day, on flight day again
| mg melatonin on rising and after arrival 2-5 mg at bedivue. In contrast, other reviews consider
that there is no need for melatonin pretreatment, as it practically does not provide any additional
benefit. It is generally considered that starting the administration on flight day or after amival
at destination 30-60 min before bedtime for 3-5 days is an effective scheme both for eastbound

and westbound situdy irrespectively of the time zones crossed _
For travels crossini <5 time zones, it

seems there 1s usually no need to receive any medication
Basic Data Analysis of Clinical Studies presented in Table 17

In order to clearly define the actual outcomes of literature studies, the Applicant has performed
a thorough analysis of clinical data. As in many studies both an eastward and a westward trave)
were performed, resulting many times in a different outcome, every travel was considered as
being a different occasion and evaluated separately. Thus, it was found that, in 21 evaluable
studies (1.e., excluding those studies simulating jet lag by inducing phase shifts), 28 travels
were performed.

Elucidation of most implemented and efficient dose

Melatonin was proved beneficial in a total of 23 travels (15 eastwards and 8 westwards), found
in a total of 17 studies. A total of 1,386 volunteers were included in these studies, of which
1,112 received melatonin and 437 received placebo. Doses used ranged from 0.5 mg to 10.0
mg with a mean (£SD) value of 4.5£1.9 mg (Figure 7). On the other band, melatonin was found
ineffective in the treatment of jet lag in a total of 5 travels (3 eastwards and 2 westwards), found
10 a total of 4 studies. A total of 348 volunteers were included in these studies, of which 260
received melatonin and 124 received placebo. Doses used ranged from 0.5-5.0 mg with a mean
(=SD) value of 4.25+1.84 mg (Figure 7).
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Figure 7. Box-Plot dragram, depicting the doses used in the studies investigating the efficacy
of melatonin 1n jet lag.

Elucidation of dosing schedule and need of pre-treaiment (Figure 8)

As evidenced by the studies evaluated, time of administration plays a crucial role for melatonin
effects on circadian rhythms. Administration time is strongly related to the desired effects. For
instance, daytime administration of 0.1-0.3 mg generated serum melatonin Cynax Within the
normal nocturnal ranges of untreated people. These and higher doses produce measurable
hypnotic effects independently of the circadian time signal synchronising action

k The need of a well-designed administration scheme is also supported by the fact that
the observed differences on melatonin effects in relation to administration time are not due to
differences in PKs but to differences in the alrcady existing melatonin concentration and in the
phase of circadian human rhythm
Therefore, in order to find the optimum dosing scheme, an overall assessment of the studies
identified was performed as described below.

Travels with pretreatment

In 10 travels, administration of 0.5-5.0 mg of melatonin (starting administration before flight)
showed a positive oufcome. Among them, 7 travels were eastwards and 3 were westwards, with
a change of 8-13 time zones. From a total of 661 volunteers, 520 received melatonin and 160
took placebo

In 2 travels, administration of >5 mg of melatonin (starting the administration before flight)
showed a positive outcome. Both travels were eastwards with a change of 6-8 time zones. From
a total of 66 volunteers, 36 received melatonin compared to 30 that received placebo
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In 3 travels, administration of 0.5-5.0 mg melatonin (starting administration before flight)
showed a negative outcome. Two of these travels were eastwards and | was westwards with a

change of 6-11 time zones. From a total of 312 patients, 224 received melatonin compared to
58 tha rceived plcebo [

On the other hand, n a total of 13 travels (7 eastwards, 6 westwards), described within 11
studies found in the literature, melatonin was administered only after flight at 21:00-24:00
destination time for 3-5 days, in order to resynchronise sleep-time in the new time zone. Among
these studies, in 11 travels (6 eastwards, 5 westwards), melatonin showed positive results, while
in 2 travels (1 eastwards, 1 westwards) melatonin was ineffective.

Travels with treatment only afier arrival

In 11 travels, administration of 0.5-5.0 g melatonin (starting the administration after arrival
at destination) showed a positive outcome. Among them, 6 travels were eastwards and 5 were
westwards, with a change of 5-12 time zones. From a total of 772 volunteers. 555 received
melatonin compared to 246 that received

[n O travels, administration of >S5 mg melatonin (starting the administration after arrival) at
destination showed a positive outcome.

[n 2 travels, administration of 0.5-5.0 mg melatonin (starting the administration after arrival at
destination) showed a negative outcome. The one travel was eastwards while the other was
westwards with a change of 6-11 time zones. These two travels were part of the same double-
blind placebo-controlled crossover trial where the 36 included volunteers were divided in two

groups the one took melatonin eastwards and the other westwards _

= Effective pre-flight 0.5-5.0mg

u Effective pre-flight 5 Onig

= Effecirve no pre-flaght 4.3-5.0mg
m Effective no pre-Nlight >3 Omg

® Ineflictive pre-flight 0.5-5.0mg
loeflivtive no pre-fight 0.5-5 Oy

Figure 8. Pie chart depicting the efficacy of melatonin in relation to doses administered and
pre-flight administration. Alse, the % of the overall travels reviewed (28 trayels in total) that
belong to each category, 1s presented.
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[t seems evident that, the most effective applied schemes were 0.5-5.0 mg starting the
administration pre-flight or starting the administration after arrival at destination. A further
evaluation of doses administered in jet-lag clinical trials can be seen in Figure 9 below.
Melatonin 3 mg and 5 mg were the most frequently administered effective doses in the clinical
trials found in the literature.

0.5-2.0mg effective = 3.0mg effective m 5.0mg effective.

>5.0mg effective m 0,5-3.0mg not effective B 3.0-5.0mg not effective

Figure 9. Pie chart depicting the efficacy of melatonin in relation to doses administered.

In order to conclude, based on the chnical studies found in the literature, which is the most
efficient scheme, the sum of the volunteers that underwent the one and the other treatment was
considered:

o A total of 973 volunteers were included in studies where 0.5-5.0 mg melatonin or
placebo was administered starting pre-flight. Among them, the 53% receiving
melatonin showed a positive outcome while the 23% receiving melatonin showed a
negative outcome.,

o A total of 808 volunteers were included in studies where 0.5-5.0 mg melatonin or
placebo was administered starting the admunistration after arrival at destination. Among
them, the 69% receiving melatonin showed a positive outcome while the 4.5%
receiving melatonin showed a negative outcome.

The percentage of volunteers that were effectively treated is higher in the studies where no pre-
treatment 1s taking place. Also, the percentage of volunteers with a negative outcome shows a
significant difference. Therefore, evidence shows that administration of 0.5-5.0 mg melatontn
30-60 min from bedtime after arrival at destination in the new time zone may be the most
effective treatment with melatonin for jet lag. This is also supported by the study of

where from relevant comparison it was noticed that the group receiving mejatonin
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only after flight showed alleviation from jet lag while the group receiving pre-flight melatonin

showed a worse recovery compared to placebo.

This scheme and dosing is also in general agreement with the PKs of melatonin, suggesting a

Tmax at 30-50 min after administration H
I s D implying that melatonin receptors are saturated at levels above >200

pg/ml which is reached with a dose of >0.5 mg_
]

The fact that pre-treatment (administration pre-flight) with melatonin may not be necessary, is
also in agreement with the SmPC of the IR (oral solid and liquid) melatonin products that are
currently authorised in the EU/UK with the indication of jet lag.

Efficacy studies simulating jet lug

In view of the wide vanability of conditions under which clinical studies implementing
travelling were performed, a careful assessment of studies evaluating the efficacy of melatonin
after stimulating jet tag disorder with induction of pre-defined phase shifts in volunteers, was
also performed for deeper understanding of melatonin’s chronobiotic effects.

A total of 6 studies investigating the efficacy of melatonin in inducing phase shifts towards a
precise direction or in alleviating simulated jet lag 1o a cootrolled envuronment without the
participation of volunteers in actual travels, were found and reviewed (Table 17). The main
advantage of these tests was the fact that the endpoints used were mainly objective, such as
DLMO from saliva sample, urine excretion of hormones and electrolytes and sleep
characteristics. (onset, latency, quality), in combination with subjcctive measurements as
subjective questionnaires on performance, fatigue, alertness and mood. Another advantage of
these studies was also the possibility of completely controlling the exposure to light as a result,
to assess only the effects of melatonin in resynchronization. However, these studies do not take
into account the normal travel fatigue, the average exposure to light during/after flight or other
environmental factors but considers the effects only from change of time zone.

All the studies proved that melatonin hastens resynchronisation and ameliorates jet lag
symptoms. The doses of melatonin used were 0.5 mg or 3.0 mg or 5.0 mg and all of them
exerted similar efficacy. Two out of 6 studies evaluated the effects of a gradual phase advance
induce with the help of melatonin 0.5 mg or 3.0 mg in healthy volunteers
2 out of 6 studies
started the administration o
melatonin after the simulation of the travel, 1.e. after inducing in volunteers 7-9 h change of
time zone in a controlled environment, | out of 6 studies started the administration of melatonin

before the simulation of the travel_i.e. 3 days before inducing in volunteers 9 h change of time
zone 1n a controlled environment —), 1 study investigated the phase shifts that

produced by 5 mg melatonin, with or without light exposure after administration in the late
cvenins R (7251 17)

In conclusion, also from these studies, the dosing scheme of 3.0-5.0 mg melatonin administered
30-60 min in the new time zone seems to be effective.
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Overall efficacy conclusions

Based on the above evaluated clinical data and on the numerous review papers, chnical
guidelines and actual clinical use of melatonin as medicinal product or supplement, it may be
concluded that the substance may present a clinical benefit in the treatment of jet lag as it
hastens resynchronisation of circadian rhythms in the new time zones.

Although two of the reviewed studies were negative (see Table 17), the evidence is overall
quite supportive that melatonin, administered at appropriate time, may reduce the symptoms of
jet lag and improve sleep following travel across multiple time zones. Based on the published
literature, efficacy of melatonin treatment for jet lag seems moderately convincing provided
that a specified dosing schedule ts followed, 1.e., if it is taken close to the target bedtime at the
destination, however, a harmonised approach regarding dosing recommendation is. not
achieved in the literature; the best clinical practice is not yet clear cut. The large variability of
dosing schemes and doses propoesed are noticed. The dose range used in the studies was 0.5 mg
to 10 mg and the vast majority indicated a favourable cffect on jet-lag in adults; most of the
studies investigated a dose of 5 mg. IR formulations in doses of 0.5-5 mg appear generally

effective. However. results of studies with low dose of melatonin (i.e., 0.5 mg and 2 mg in the
study by suggest that such very low

doses are not always effective. Not forgetting also that, observations fromn

relationship demonstrated with melatonin in artiﬁcialli induced acrophase shiﬁw

agree with results from suggesting that pharmacological
doses of melatonin (5 mg) induce larger advances of the endogenous melatonin rhythm and
therefore faster resynchronization of the sieep-wake cycle than physiological doses (0.5 mg).
Furthermore, doses above 5 mg (and up to 10 mg) have been administered in the published jet-
lag trials (Table 17), being effective as well as safe. In any case, it is suggested to prefer the
administration of the lower pharmacololgical doses of melatonin in order to both allow its
chronobiotic effect to be manifested and limit its hypnotic effect
This observation is in agreement with findings of studies

related to PKs and PDs (as described in the corresponding Section of the current Clinical
Overview). Indeed, also in the Cochrane Review of_ it is

concluded that doses between 0.5 mg and 5 mg appear to be similarly effective, apart from the
greater hypnotic effect of higher doses. For many people, 5 mg may be a higher dose than
necessary: 2 or 3 mg may therefore be preferable to start with and, in any case, a dose of 6 mg
could be regarded as the highest recommended daily dose in case such is needed. There seems
to be no reason to think that efficacy may be decreased with higher doses above 3-5 mg, since
there is no such evidence of e.g., a bell-shaped dose-response curve.

It should also be noted that IR dosaie forms are more efficient than SR for ‘Iet )ai treatment

Taking all the above studies and reviews into consideration, it may be concluded that the
potentially best dosing schemc for eastward and maybe for westward flights, crossing more
than 5 time zones, is 0.5-5.0 mg (most proposed: 2-3 mg) of IR melatonin, 30-60 min before
bedtime at the destination time zone, starting on travel day and continuing for 3-5 days
after arrival at destination until resynchronisation, based on subjective indices of jet lag.
Therefore, recoromending 3 mg starting dose with a possibility to increase to 6 mg, as in the
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proposed posology, may be considered as supported by the evidence. This scheme of dosing
(.., up to 6 mg as maximum daily dose) is proposed in order fo be in general agreement with
the PKs of melatonin and the SmPCs of the already marketed [R melatonin (oral selid and
hiquid) products in EU/UK with jet lag as indication; in this way, consistency between
potentially interchangeable solid and liquid products in the management of jet lag in adults can
be achieved.

2.5.4.2 SLEEP DISORDERS IN CHILDREN AND ADOLESCENTS AGED 6-17 YEARS WITH
ADHD, WHERE SLEEP HYGIENE MEASURES HAVE BEEN INSUFFICIENT

Sleep disturbances are highly prevalent 1o children and without appropnate treatment, they can
become chronic and last for many years; however, distinguishing sleep disturbances from
normal age-related changes can be a challenge for pbysicians and may delay treatment. ADHD
1s a disorder that encompasses symptoms of inattention, hyperactivity and impulsivity.
Beginning around puberty, people with ADHD are more likely to experience shorter sleep time,
problems falling asleep and staying asleep as well as a heightened risk of developing a sleep
disorder. Sleep problems in ADHD tend to increase with age, though sleep problems in early
childhood are a risk factor for future occurrence of ADHD symptoms. Sleep problems in
ADHD appear to differ depending on the type of the disorder; individuals with predominantly
inattentive symptoms are more likely to have a later bedtime, while those with predominantly
hyperactive-umpulsive symptoms are more likely to suffer from insomnia. Those with

combined hyperactive-impulsive and inattentive ADHD experience both poor sleep quality and
2 later bediine [

Some published studies have shown that melatonin can be safe and effective not only in the
case of primary sleep disorders, but also for sleep disorders associated with various

neurolozical conditions [
h Melatonin decreases SOL and increases total sleep tune but does not

decrease night awakenings. However, there is gencrally still uncertainty concerning dosing
regimens. Decreased CYP1A2 activity, either genetically determined or due to concomitant
medication, can slow metabolism, with loss of variation in melatonin level and loss of effect;

decreasing the dose can remedy this m The dose of
melatonin should, therefore, be individualised on the basis of multiple factors, including the
severity and type of sleep problem and the associated neurological pathology ﬂ

A thorough literature investigation has been performed and article selection was based on the
general principles of PRISMA checklist. A schematic representation of the relevant selection
flowchart for the use of melatonin in sleep disorders in paediatric ADHD is provided below.
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c Electronic Databases Results {n= 252) 0 new studies retrieved by expert-
Ke) {Scopus= 94, PubMed=123, contact, hand-searching of conference
® CENTRAL = 35} abstracts and reference search
(]
-
-
c =
w -
B
—> 48 duplicates removed
 /
o 204 papers screened
£ (title/abstract)
c
&
= > 183 papers excluded as
W not relevant
 /
21 full texts
8
20
w
v
14 aligible studies considered for Inclusion
= |
Q
- v v
=
o
£ 14 studies with positive outcome 0 studles with negative outcome

Figure 10. Flowchart for selection of articles based on PRISMA general principles for the use
of melatonin in sleep disorders in paediatric ADHD.

Table 18 summarises the methods, population groups, regimens and efficacy/safety outcomes
of 14 clinical studies involving oral melatonin adminy |
disturbances in children with ADHD (among others

I randomised, double-blinded, placebo-controlled, parallel trial with 146 children with
neurodevelopmental problems aged from 3 ye s who had sleep disorders
(without specifying the type of the dig Oft studies €T,
randoniised placebo-controlled trials

| was open-label pilot study
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1 was retrospective trial
observational naturalistic studies and 1 was
collaborative, uncontrolled, open-label, phase III trial The studies cover a
chronological period from 2001 to 2020 with more than 900 children and adolescents, aged
from 6 to 17.5 years, thus covering the target group of the proposed indication, from whom
601 had ADHD (either on treatment with MPH or not), with the children receiving melatonin
supplementation being slightly more than the 50% of the total study population. The examined
administered oral doses of melatonin cover a range of | to 10 mg before pedtime, usually in
the forn of tablets

were (prospective)

capsules, which were supplements,
or granules . Doses of 3-6 mg (given before
the designated bedtime) were most frequently administered among paediatric patients (Table
18), which s in accordance with the recommended posotogies in the currently proposed SmPC
for this indication and target population group. The investigated endpoints included sleep
latency, sleep onset, total night sleep time, sleep duration, wake-up time, DLMO, mean number
of awakenings, mean longest sieep episode and sleep patterns among others. Overall, a positive
effect of melatonin supplementation in sleep outcome of paediatric paticnts with ADHD is
reported in all identified clinical tnals, indicating a well acknowledged, favourable efficacy
profile of the agent in the specific indication.

Table 18. Clinical studies identified in the hiterature investigating the efficacy of oral melatonin
administration for the treatment of sleep disorders in children and adolescents aged 6-17 years

with ADHD, where sleep hygiene measures have been insufficient. Keynote: Red colour denotes
lack of effect. yellow colour denvtes moderate effects. green colour denotes favourable ¢fficucy resulls.

Refercnee Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
melatonin {(number of
subjects,
use condition)
Melatanin for sleep disorders in children with ADHD

Rendomised. | To investigate | Primary: 4 weeks 40 elementary | Either 8 mg Melatonin: miean (95% CI)
double-blind. | the effeet of between- (after that scheol melatonin or | lighis-off 1lime advanced
placebo- melatonin group period, children. aged | placebo {ina was 34 (6-63) min; diary
cantrolled treatment in dilferences in treatment 6-12 years, Mst-relense sleep onsel 63 {32-94) min,
study (the childhood the mean was who sutfered tablet), at acligraphic sleep onset 75
Netherlands) sleep onset cliange from confinuad more than | 18:00 (36-1Y4) min; melalonin
insomnia. baseline 10 if parenis year from onset 57 (24-89) min; TST
weck 4 for: wished so) | chrenic sleep tncreased 41 (19-62) min.
lights-off onsat Placebo: these parameters
tire. SL. insornin did not shift significantly.
sleep onscl, {Irom them The change during the 4-
slecp duration. 11 boys had week  trcatment  period
wake-up dme. ADHD and differed between treatment
DLMO, received groups sigoificamly as
reaction times MPH lights-off" ime, diary and
and nuraber of megdication) actigraphic  sleep  onsel,
omissions. slecp duralion and
correclions mclatonin onscL No
and crrors, signiticant differences
berween  the  treatment
groups in the change of SL.
wake-up lime and sustained

altcglion reactlion limes,
Prelimipary To investigale | - Up o 12 27 children Amg 24 subjects complcied the
open-tabel whether weeks with sleep melatonin study with short-termy use
pilol study wclatonin disorders whio | {time of {1-4 wecks). The results of

79




Applicant: Glenmark Pharmaceuticals Europe Limited

Product: Melatonin 1 mg/mml Oral solution

Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
melatonin | (mumberof '
use Sondiion)
(the could be used also had supplementati | the long-term effecls arc
Netherlands) | as a safe drug ADHD on onund type of | only available trom 13 0024
1o treat MPH use formulation subjects. Immediotcly after
insomnia pot staled) initiation  of  melalonin
problems in realinery, e subjects tell
childeen with aslcep significantly easicr
ADHD on Than before, lime varying
MPH between 15 to 240 min
medication. (median: 133 mmn). The
long-term  cffect (afler 3
months) was comparable
with the immediae effect
afler 1 week. A paired
student t-1esd for the time of
falbng asicep before and
aftcr medication proved to
be  signilicanl  (/=16.08,
P<0.01). The time of falling
asleep  after  mclatonin
varied between 15 and 64
min, Comparing the long-
(erm effect 1o the immediate
offcat showed that
mclatonin  remains for at
least 3 months. No
statstical difference could
be shown in short-ierm
effect of melatonin between
thesc who stopped
recording data and  those
who did not (P<0).50).
Randomised, | To investigate | Primary: ihe 4 weeks 62 children Either 5 mg The rowl scores of the
double-blind, | the effect of between- (28 had meclatonin RAND-GHR] and FS-II
placebo- melztonin group ADHD.22% | (DuchefaFarma | improved significanily
controlted wrealnent on differences in in the BV. the more  during  mclatonin
trial (the health status | change on dhe melatonin and | Nelherand$) or | yreqiment (han placebo. The
Netherlands) | and sleep in FS-0 and 54% in the placebo (in « magnilude of change was
children with | RAND-GHRI placebo fast-release much  higher in  the
idiopathic from baseline group) aged tablet) at melaonin  than  placebo
sleep-onsct o week 4. 6-12 years 19:00 group, with siEndardised
insomnia. Secondary: who suffered respoitse  means  for the
sleep log >1 year irom RAND-GHRI of 0.69 vs
lights off lime, idiopathic 0.07 and for the FS-il of
SL., sleep chranic sheep- 1.6l vs 0.64. Melalonin
onset, sleep onsél mealment also significantly
duration, insonnia advanced sleep onset by 57
wake-up Lime min, sleep offsel by 9 min
and DLMO. and mgkuonin onsel by 82
mm and decreased SL by |7
min. Lights-of" tme and
TST did ot change.
Retrospective | To deseribe Subjective 6 months 33 Oral During treaument, the slecp
study (Israel) | theeffectsof | sleep onsel (12 adolescents melatonin 3-5 | onsel was advanced and
long-term time and sleep | padents, (aged 10-18 mg/day, given | sleep duation was longer.
(reatment duration. i.e.. 36%, years) with ~2 h before Treatment wis alse
with were delayed sleep | deslgnated associaled with a decreose
melatonin in treated for | phase bedtime, for in the proportion of paticnts
adolescents >5 months. | syndrome and | anaverage reportiog school
wilh delayed 3 of them comorbid pertod of & difficultics. No AEs of
sleep phase were neurodevelop | months (type melatonin were noted.
sypdrome. treated lor mental of Torgnulation
>1 year) disorders, or produc( not
including 135 swated)
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
melatonin {":“"‘t‘: of '
use ::n{fﬁii.h)
children with
ADHD
30-Dav, To cvaluate Primary: mean | 10 days 27 siimwulant- Shon-acting Sleep  hygiene  reduced
randomised the efficacy SOL. treated pharmaccutica | itial insonmia to <60 min
double-blind, | of sleep Secondary: children [-grade in 5 cases, with an overall
placebo- hygiene and night-to-night (aged 6-14 melatonin effect size in the group asa
controlled, melatonin vanability in years; mean: (provided by whole of 0.67. Analysis of
erossover treaiment for | SOL given by 10,29 years) the-sponsor of | the izl daw sble to be
trial (Canada) | initial the standard with ADHD the study cvaluated showed a
insomnia in deviation of and initial Circa Dia BV: | significant reduction i
children with | SOL and total insomoia rype of initial insomnia of 16 min
ADHD who sleep duration. (>60 min) formaulation with mefatonin relative w
were treated who received | not stawsd), S placcba, with an effect size
wilh sleep hygiene | mg given 20 0of 0.6. The effect size of the
stimulanis. intervention, min before combined sleep hygienc and
19 were non bedtime. mclatosnin inlecvention (fom
responders baseline (o 90 days post-
were used in ral was 1.7, with a mecan
the study decrease in {mitial msomnig
inlervention of 60 min. lmproved sleep
bad no demonstrable effcct
ol ADHD symptomns.
Randomised. | To investigate | Primary: 4 weeks 105 paediatric | Melatonin 3 Slcep onset advanced by
double-blind, | the effect of actigraphy- paticnis (aged | mg when 26,9+47.8 m with
placebo- melatonin derived sleep 6-12 years) body welght relatonin and delnyed by
controlted freatment on onsel, tolal with <40 kg 10.5£37.4 min with placcho
study (the sleep, time asleep diagnosed (m=44); 6 mg (P£<0.0001). There was an
Netherlands) behaviour. and salivary ADHD and when body advance in DLMO of
cognition and | DLMO. steep-onsct weight >40 kg | 44.4+67.9 min in melatonin
quality of life insomnia {n=9) or and a delay of 12.8+£60.0
in children placebo (Fagt- | mm in placebo (P<0.0001).
with ADHD release Total rime asleep incrensed
sleep-onsct tabtets, with melatonin (19.84£61.9
insomnia. Pharma min) over placcbo (-
Nord, 13.64:30.6 min:  2=0.01).
Denmark) at | There was no significant
19:00 chiect on behaviour,
copnition and quality of life.
Long-tcrm To assess Melatonin use Mean 94 children 3-6 mg 63% of the children sl
follow-up long-term and current follow-up: | with ADHD raelazonin at used melatonin daily and
study in melatonin dose. time of 3.6620.12 | (74.5% werc | 18:30-23:00 12% occasionally.
¢hildren that treatment administration. | yaarg mate; mean £ | (type of Temporal  discontinnation
previously course, the reasons for SEM age at dosage torm ol” eatment resulted in a
participuted | offeativeness | discontinuation sturt of not speerfied) | delay of sleep vnset in 92%
in the and safety in of melatonin. melatonin of the chvidren. A 9% of the
randomised, childeen with :;?J:)?Immm ircalment: children could discoatinue
doublc-blind, | ADHD and effects of R.72+0.2] melatonin completely  due
placebo- chronicsleep | gic ontinuation years and lo improvement ol sleep
controlled onsct on slesp and mean = SEM onsct insomnia. Long-lchn
rinl of Van insomnia. behaviour, age a1 follow treatment was judged to be
der Heijden et adverse events, up: 12.39 + effective against sleep onsel
al. (2007) unustat 023 years) problems in 88% of the
(the comorbidity cases.  lmprovement  of
Netherlands) duning behaviour and mood was
treatment; reported in 71% and 61%.
effects.of respectively.
melatonin on
sleep onset
problems,
behaviour and
mood
Randomised. | To determine | ADHD rating | 8 weeks 30 children Eliber The mean SL and (otat sleep
double-blind. | melatonin scale aod (aged 7-12 maelatonin 3 distorbance  scores  wore
placebo- effects veary; mean or 6 mg reduced in e melatonin
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
melatonin {":“"‘::‘ of '
use ::nmi.h)
controlied on sleep SDSC sleep age n the {capsules. group. bul they mereased in
study (lran) patterns, uestionnaires melulonip Nutricenturl, | the placebo group (P>0.03).
symptoms of were group: Canada) (i.e.. | Data anilysis (using
hyperaciivity | completed by 9.57£1.65 3 nig when ANOVA  with  repeated
and anention motlhers at years and body weight measures) did not show any
deficiency m baseline, 2. 4. 8.83+1.82 <30 kg and 6 statistically significant
children with and § weeks years m (h¢ mg when >30 | differences berween the (wo
ADHD. afler placebo kg) combined | groups in ADHD scores
begimninz of aroup) who with MPH (1 (namely  reduction of
the reatment, had a ma/kg} atlention  deficiency  and
combined (n=26), or hyperactivity behaviour of
form o) placebo children with ADHD),
ADHD combined with
MPH (1
mg/kg)
(n=24).
Tiine of
sopplementali
on not stated
Randomised, | To evaluate 3-day food 8 weeks 30 children Either Paived sample 1-test showed
double-blind. | mclatomn record and aged 7-12 melatonin J significanl changes in SL
placcbo- supplementali | standard years who or 6 mg (3- (231541525 vs
controllcd on cffects on weight and were newly mg capsules, 17.96x11.66: P=1).047) and
study (Tran) dietary intake, | heightot diagnosed Nutricentury, | tolal sleep disturbaoce score
growth and children were witha Canada) (i.e., | (48.84+13.42 '
devclopment evaluated combined 3 ing when 41.3029.67: P=0.000)
of children pricr 1o the form of body weight before and afier melalonin,
with ADHD trcatment and ADHD (mean | <30 kg and 6 respeclively. Appetite and
reated with 8 weeks after age: 9.57 mg wlien >30 | food inlake did not change
MPH theough | he Iveatmenl. 1.63 years in kgy combined | significantly during  the
circadian the melalonin | with MPI (1 study. Slegp duration and
cycle and 883 = mgkg) uppetile were significantly
modification 1.82 years in (0n=26). or corretated  in melatonin
and appetite the placebo placebo group (Peamson r=0.97I,
mechanisms. group) combined with | P=0.029). Mean height
MPFI () (138.28£16.24 vs 141.35%
mglkg) 18,78: P=0,000) and weight
(n=124). (36.73£17.82 vs
Time of 38.97417.93; P=0.003)
supplemental | significantly increased in
on not stated. melatonin-treated chitdren
betore and aficr the (rial.
( |-Month. To assess the | Sleep patterns | 1| months | 45 children Melatonin IR | 38% of children responded
prospechive eflects ol (326 days) | (35 mrles. oral form 1o low (2.5-3 mg), 31% (o
observational melatonin on mean age: (formulation medium (5-6 mg) and 9% to
naturalistic slecp onsct 6.3=1.7 not stated) high doses (9-10 mg} of
stady (Uniled | delay, TST years) with way initiatly wmelajonia, with, 8
Kingdom) and night neurodevelop | administered significant in¢rease in night
awakenings menta) al o starting TST. decreascd sleep onset
in children disorders dose of 2.5 delay and decreased nurnber
with ADHD, (11=29: mg, 30 min ol awakenings per night
autisny ntellectual before the (all: P=0.001), as measured
speetrum disability; desired with  slecp  diarics. No
disorders or m=9: autism bedtime, scrious AEs were reponied
imellectuzl speetrum regardless of
disabiliry disorder;n=7: | agc or weight.
using 3 broad ADID) and W no
dosc range. sleep significant
disturbances improvemcn(
in sleep zaler
4 weeks, dose
was Increased
up to 5 mg
and aficra
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
melatonin {":“"‘::‘ of '
use ::nmi.h)
further 4
wotks (0 n
maximom of
10 mg if no
response to 8
Mg wag ssen.
Multicentre To assess the Primury: the 2.2 years Atotal of 125 | PedPRM (2 The study met the primary
(including the | efMicacy and changes from children and mg escalated | endpoink sfler 13 weeks of
Umitexl sofory ol a bascline in adolescents to 5 mg; double-blind treatment,
Kingdom). novel mean TST (aged 2-17.5 pediatric- participants  slept  on
randomised. PedPRM vs over the 14 years) with appropriate average 57.5 nun longer at
double-blind, | placebo for days. aptism prolonged- night  with PedPRM
placebo- Isomnia in Secondary: the spectrum release compared to 9.14 min with
controlled children and change from disorder roclatonin placcbo  (2djustecd  mean
irigl adolescents baseline in whose sleep minitablets, Irealment difference
with autism mean SL, the failed 10 Neurim PedPRM-placcbo 32,43
spectrum changes from imarove on Pharmaceutic | minutes; P=0.034). SL
disorder, with | baselire in behavioural als) or placcbo | decreased by 39.6 min on
or without meon duration inlervention for 13 woeks. average with PedPRM and
ADHD of wake aler alonc: 28 8% 12.5 min with plicebo
comorbidity. slecp onsct, of them had (adjusted mcap (rcaiment
and mean munber ADHD difference <2530 min;
ncurogenctic of awakenings {n=36) P=0.011) withont caosing
disorders, and meamn carlier wakcup fim¢. The
longesi sleep rate of participan(s attaining
episode. clinically meaningiul
change from Tesponsces in TST and/or SL
bascline in was  significantly  higher
CSDI score with PedPRM than with
and snbscores, placebo (68.9% vs 39.3%.
and nurober of respectively: P=0.001)
dropouts corresponding 1o a NNT of
during study. 3.34. Ovenull CSDI Iended
10 decrease.
Randomised To compare Questionoaire | 3~4 weeks | 84 children Placebo. Melatonin - treatment  und
placebo- the effecis of | on chronse (menn oge: melatanio 3 light therapy dccreased SL
controlled melatonin and | sleep 10.0 years: mg (3 mg. {sleep diary) and advanced
irial (ouble- bright light reduction and 61% boys). in | fast release slecp onset (sleep diary und
blind for reatment DLMO particular, 6, tablets, actigraphy). although for
melatosnin/ with a measurements., Sand & Pharma sleep onsat e eftects of
placebo) {the | placebo childeen from | Nord) at melatonin  were  stronger.
Netherlands) | condition in the placebo. 19:00 (i.e., ~2 | Melutonin  reawment  also
children with melatomn and | h before advanced DLMO and had
chronic sleep light group, DILMO) or positive effects on SL and
onset respectively. light exposure | sleep efficiency (actigraphy
insommnia and had ADHD during 30 niin | data) as well ac slecp time
lale niclatonin berween 06:00 | (sleep diary and acligraphy
onset. and 08:00 h. data). However, wake sfier
sleep  onset  (actigraphy)
increased with melatonin.
No cffects on chronic sleep
reduction were found.
Observational | To explore Severily of the | Treaument 74 children Melatonin 1-5 | Clinical scverity of sleep
naturalistic the sleep disorder | duration of | (69 males; mg (dosage disorders was 3.41£0.70 s
Study (haty) effectiveness at bascline 4 weeks. mean age: form not baselinc and 2.13+1.05 afler
of melutonin (CGI-1, CGI- with a 11.6£2.2 stated: staring | follow-up (1<0.001).
i children S), assessmenl | maximum years) dose was | mg | Accerding o CGl-( score,
with ADHD of sleep of 12 naturalisticall | after dinner, 43 paticnts (60.8%)
who problems. manths, y wreated with | around responded  fo  melatonin
developed based on MPH (meen 20:00-21:00, rcalment Gender and age
sleep clinical dosage: ~1-2 h before | (children aged <12 and >12
problems oulcomes. 33.5¢13.8 bedtime), years) did nol affect the
afler staning mg/day) with possibte responsc 10 mclatonin on
MPH. increases of sleep. Paticnts with/withoul
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
melatonin {":“"‘t‘: of '
use ::nmi.h)
0.5 mg every comorbidities did rot differ
wetk, up (0 S aceording to sleep response.
mg/day. Specific comorbidities with
according fo disruptive  behaviour  and
clinical needs affective  disorders  and
(mean learning disabilitics did not
dosage: alfest (e cfficacy  of
1.85::0.84 melatonin on sleep.
my/day) Treatment was well
loleruied; no AEs relaied (o
melatonia were reported.
26-Week, To long-lerm Primary: SOL The study 99 children Children Fifteen children  received
multicentre, eficacy und in the consisted (80 maules and | received 1, 2. the muximal dosc of 4 my
collzborative, | safety of medication of the 19 females: ord4dmg among (he  prespecified
uvncontrolled. | melatonin phase L. 2-weck aged 6-15 melatonin dose levels. SOL recorded
open-label. weatment for | Secondary: screcning | ycars and grunules with the clectronic slcep
phase LY sleep tung "“_m the phase, the mecan age: (consisting of | diary ghoriened
chinical trial problems in z-lns;i'c(')ltfjon © 26-weck 10,4 years) svnithesised significanily (namely,
(Jupun; children with T dit.:mion medication | with mclatonin and | mean£SD: -36.7346.1 mim;
Sponsor of neurodevelop suspensicn; phases | neurodevelop | of mannitol as | 95% CE - 459 (o - 27.5;
(he study: mental SOL ot the time | and 1, and | mental the cxcipicnt; P<0.0001) in the
Nobelpharma | diserders wbo | ¢ medication he 2-week | disorders, Nobelpharma | medication phase L from
Co.. Lxd) undcrwent suspension; follow-up including 60 Co.. Lid) baseline. The SOL
adequate time from phase. childrep with | orally in 1be shorteniog eflect of
sleep hygiene | medication ADHD, long megigation melatonin persisted in (he
mlerventions. | suspeosion to wilh stecp pbascs. onoe medication phase JJ and the
medication problemisand | daily before follow-up phase. Temper
resumption; aberrant bediime, upon wakening and
number of behaviours starting at | slecpiness after awakening
awakenings myg per day. improved significantly
after sleep (P<0 0001 each) in the
angel, fime of medication phase | trom
iall).ngAzslecpA bascline and persisted in
wakening and y N - .
awakening 1ollow-up. (he following
ime, refusal o _subsca]cs of _theA _ABC-AI
going 10 bed a1 |mpn)ved_ s:gnmczm_lly:
prespecified stereotypic behaviour
bedtime. (P=0.0322) in medication
temper upon phase 1 and imitability.
wakening, hyperaclivity and
sleepiness inappropriatc speech
mitensity afler {P<0.0001) in medication
awakening; and phase 15,
ABC-J.
Mclatonin in neurodevelopmental disorders as supportive data
Randomised, To detgrmine | Primary: night 12 weeks 146 children Melatonin 110 of the 146 children
double-blindd, | whether or TST (sleep with capsules (75%) coniributed dara Tor
placebo- not [R diaries). ncurodevelop | (Alliance the primary oulconie, The
controlled, mclatonip is Secondary: mental Pharmaceutic | difference in TST time
parallel study | benefieral TST calculured problems als) or placcbo | between he melatonin and
(Uniled over placebo | US'NE aged from 3 capsules in placebo groups adjusied for
Kingdom) in ymproving :cc')"fr'ﬁ’fv duta, years o 15 doscs ol 0.5 baseline was 2243 min
1otal duration ;111c;é||c;p years 8 mg, 2 mg, 6 (95% Cl; 0.52-44.34 min;
of night-time Cornposiu; months who mp and 12 P=0.04) mecasured using
sleep in Sleep did not fall mg for a sleep diaries. A reduction m
children with | pigrurbance axleep within | period of 12 SOL. adjusted for baxeline,
neurodevelop | Index seore, | kol lighs weeks was seen for melaonin vs
mental global measure out ur who (starting dose: | placebo when measured by
problems. of child’s sleep had <6 h of 0.5 mg and slecp dianes (-37.49 min,
qumlity, Fumily conlinuous could be 958% C1 -55.27 to -19.71
Tmpact Module sleep (who escalated min; P<0.0001) und
of the Pediatric completed the | through 2 mg | actigrmphy (<3534  miun,
Quality of Life 4- 10 6-week | and 6 mg (o 95% Cl -68.75 v -21.93
Inventory. the behaviour 12 mg during | min: P=0.0003). There wers
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results

endpoints of sample regimen

melatonin {":"1"‘"_" of '

use antnion)
Epworth therapy the first 4 no significant  differences
Sleopiness period) wetks. atlhe | between groups in terms of
Scale, “U{“b‘-"' end of which the reporting of AEs. The
and severity of the child was | results of other secondary
seizures, AEs. maintaincd on | oulcomes favoured

that dose). melatonin (but not
statistically significant).

reviations: ABC-), aberrant behaviour checklist—Japanese version; ADHD. Anention Deficit Hyperactivity Disorder: AE, adverse event;
ANOVA, Analysis of Variance; Cl, confidence interval; CSDI, Composite Sleep Disturbance Index: DLMY), dim light melaionin onset: FS-1},
Functional Stats 11; CGI-). Clinicitl Global Impression Improvement: CGI-S, Clinical Global Impression Severity: IR, immediate release: MPH,
methylphenidate; NNT. number needed to treaiPedPRM. paediatric-appropriate, profonged-release melatonin minitablets; RAND-GHRI, RAND
General Health Raung lndex: SD, stindurd deviation; SDSC, Sleep Disiurbance Seale for Chitdren: SEM, siandard error of the mean: SL, sleep
Jatency; SOL slecp onsel latency: TEAEs, treatment-emergent advene effects; TST, otal sleep time.

stematic literature review of 4 clinical trials

conducted by
included paediatric (aged 6-14 years) patients with ADHD also suffering from chronic sleep-
onset insomnia who were administered melatonun at initial doses ranging from 3 to 6 mg, within
a few hours prior to a scheduled bedtime (treatment duration recommended to be as short as
possible). Most studies have shown improvements in sleep onset (about 0.5-2 h), sleep duration
(approximately 0.33-1 h) and sleep latency (~20 min), while AEs were infrequent and mild,
e.g., transient headaches and dizziness,

A subsequent clinical evaluation of assessment and management of sleep problems in youths
with ADHD recommended that if behavioural strategies are not effective due to comorbid
psychiatnc disorders or ADHD medications, a pharmacological treatiment may be considered
for sleep onset difficulties ||| | | | AN 11 2n cffort to evatuate nutritional supplements
for the treatment of ADHD, Bloch and Mulqueen suggested that melatonin appears to be
effective m treating chronic insomnia in children with ADHD but appears to have minimal
effects in reducing core ADHD symptoms. In any case, melatonin should be prescribed in a

single, night-time dose of 3-6 mg (depending on child’s body weight) and given approximately
30 min before bedtime

The above were also confirmed by Bruni and colleagues concluding that melatonin given at
doses ranging from 3 to 6 mg/night significantly reduced sleep onset delay and increased total
sleep duration but did not impact on daytime ADHD core symptoms as might have been
expected, considering that better sleep quantity/quality has been related to improvement in
cognitive and behavioural functioning. This last finding might be accounted for by the short
duration of most of the reviewed trials that was below 3 months, with limited data available for
long-term treatment. In these studies, melatonin was generally well-tolerated both in the short-
and long-term treatment duration. Most ot the participants who discontinued treatment did so

because sleep problems were no longer a major issue rather than due to intolerable treatment
eﬁ‘ectsh

Long-term efficacy and safety of melatonin was evaluated by who
conducted an observational, naturalistic study in children with ADHD treated with

methylphenidate supplemented with melatonin of 1-5 mg which lasted until 12 months.
Halso examined the effect of 3-6 mg melalonin supplementation in
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medication-free children with ADHD with a mean time of follow up the 3.7 years. An

improvement in patient behaviour was described and probably these differences may be related
o the durasion o therapy [ .
these studies present some limitations, 1t may be concluded that melatonin may remain an

effective therapy also in the long-term for the freatment of sleep disorders in children with
ADHD and has no safety concems regarding serious AEs or treatment related co-morbidity.

In conclusion, the available clinical studies demonstrated the effectiveness and safety of
melatonin at doses of 1-6 mg before bedtime to phase shift the circadian system and
improve sleep disturbances of paediatric patients with ADHD, by decreasing sleep latency
and increasing the total sleep time. The well-established use of the active substance in the
specific indication has been well-justified through an adequate number of published studies
identified v the scientific literature, covering a time period of 20 years of clinical use i.¢., from
2001 to 2020, and with almost a thousand children and adolescents being exposed to oral
melatonin with favorable therapeutic outcomes and acceptable safety. The widespread use of
melatonin in sleep disturbances of paediatric ADHD in different termtories around the world is
also evident i the publisbed clinical studies, with many of them being conducted withio the
European temitory (Italy, the Netherlands, UK), but also in non-European countries, such as
Canada, Iran, Israel and Japan. Overall, a positive effect of melatonin supplementation in sleep
outcome of paediatric patients with ADHD is reported in all identified clinical trials, indicating
a well acknowledged, favourable efficacy profile of the agent in the specific indication.

The number and the severity of side effects were found to be similar between children given
placebo and those given melatonin in the available studies. The most common side effects
reported in those given melatonin in the larger clinical studies were headache, hyperactivity,
dizziness and abdominal pain. Based on these studies, melatonin appears to be safe in the short-
term setting (e.g., use up to 4 weeks), whereas existing data also demonstrate a favourable long-
term efficacy and safety profile of melatonin in children and young people with ADHD (please
refer to Safety sections of this Clinical Overview). Besides, a liquid formulation, as the current
product under development, is the best option for treatment of paediatric patients and is
regarded as an appropriate, age-friendly formulation, based also on the evaluation of
excipients’ safety. Although some of the published trials have utilised solid formulations, it has
to be taken into consideration that the bioavailability of the iquid forms 1s comparable to those
of the IR solid forms (please refer to the Pharmacokinetics Section of the current Clinical
Overview), with the PK parameters being within the range and approaching the mean of those
obtained with the solid dosage forms; therefore, bridging is successfully met.

Last but not least, other similar melatonin oral solutions have been already approved in the
EU/UK over the last 4 years (20{9-2022), for the management of sleep disturbances in
paediatric patients with ADHD, following WEU procedures *

_furthcr Justifying the applicability of the selected legal

basis for the submission of the currently developed product.
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2.5.4.3 SHTIFT-WORK DISORDER (SWD)

In order to elaborate the WEU on melatonin for the management of SWD in adults based on
the publicly available data, a thorough literature review was performed, aiming to properly
describe the relevant aspects regarding the efficacy and safety of the active substance.
Therefore, after a detailed evaluation of the literature, published data were assessed in order to
elucidate the time over which melatotin has been in use for the SWD in adults, the doses
implemented, the degree of scientific interest in the use of the active substance and the
coherence of scientific evaluations. Figure [ | depicts the search strategy and article selection
methodology followed which was based on the general principles of the PRISMA checklist.

c Electronic Databases Results {n=927) 0 new studies retrieved by expert-
0 (Scopus= 429, PubMed=497, contact, hand-searching of conference
T CENTRAL = 1) abstracts and reference search
o
&=
e
c <
o <
=
— 172 duplicates removed
v
ao 755 papers screened
£ {title/abstract)
c
)]
o x 736 papers excluded as
u L g
(79 not relevant
v
19 full texts
>
e
2
2o
o
v
16 eligible studles considered for Inclusion
-]
(1)
b =] v v
=
O
£ 8 studies with positive outcome 3 studies with negative outcome
5 studies with moderate outcome

Figure 11. Flowchart for selection of articles based on PRISMA general principles for the use
of melatonin in shift-work disorder.
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The following Table summarises the methods, population groups, regimens as well as efficacy
and safety outcomes of 16 clinical studies published from 1993 till 2018, involving about 550
adult (night) shift workers. Among them, 13 studies used TR melatonin tablets

and 3 SR melatonin tablets
e SR melatonin studies were provided
or supportive purposes only, 1n order to assist the evaluation of efficacy and safety of
melatonin in this claimed indication. Of the 16 tabulated studies, 13 were randomised, placebo-
controtled crossover trials

or caplets

ad a_crossover desl
| was randomised triple placebo controlled trial and 1 was a

preliminary double-blind study _ Among the IR studies, 8 tnals

administered melatorun 1o the morning after the night shift and before the daytime sleep peniod

The doses of
melatonin varied between 1 mg
doses in all trials mostly lied between 3 and 6 mg. All trals reported on the effect of
orally administered melatonin on sleep length and quality after one or several consecutive night
shifts. Six trials evaluated daytime sleep after the night shift. during a night shift period of
several consecutive nights

Two trials evaluated both
the night shift and night-time sleep after the night shift period
. Four trials evaluated night sleep after the night shift period

favourable safety of melatonin administration in shift workers, 3 studies found no significant
effect and 5 concluded on moderate effects, where melatonin improved sleep in some of the
workers but did not increase night-time alertness.

Table 19. Clinical studies identified in the literature investigating the efficacy of oral melatonin

administration for the management of SWD in adults. Keynote: Red colour denotes lack of effect,
yellow colour denotes moderate eflects and green colour denotes favourable efficacy results.

Reference Design Objective (s) | Efficacy Duration Study Dosling Efficacy results
endpoints of sample regimen
treatment | (mbjests ’
copdition)

Preliminary To examing Sleep. mood 2x14 17 healthy Mclatonin 5 Compared (o placebo and to
double-blind the eftecs of | and migdshafi days volunieer meg in Inctose no reatment  (baseline),
study (United | mcialonim on performance police gelaine melatonin received at the
Kingdoni) slecp. mood measures oflicers ()5 capsule or desired bediime  improved
and behaviour sriert and 2 placebo, 1aken | problems reluted to slecp

in police women, aged | prior to each and  increased  alcriness

officens 21-48 yearx ol 1he 6 during  working  hours,

working successive day | especsally dusing the 2arly

spuans of 7 sleeps raken morning.  In  letter-targel

between the performance tests  visnal
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Reference

Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
treatment (*“l"il‘:f"-) '
successive pight shifts at | search speed and accuracy
night shifis. 06:42+7.6 were either unchanged or
min (and prior | slightly improved.
10 gach of the
following 4
nomnally
limed night
sleeps at 00:39
b =12.7 sun)
Randomised To compare Circadian 3 days 36 male and Either umed All groups shifted
triple the cficacy phase. core female exposure (o significantly from basclinc.
placebo- of nocturnal temperature, subjects aged | bright light Using the DLMO a5
controllcd bright light slecp quality., 1:8-20 years between 24:00 | circadian marker, the brighi-
trial and daytine coguitive of age (mean | and 04:00 on light group shifled the
(Australia) administratio | performance. = SD age: each of 3- furthest. whereas there was no
n of 23,6139 night shig | Fgmficant difference
melatonin yedrs) (n=8). but\} een the. melutonin apd
X . placebo sroups. Sleep quality
with o melatonin (mensured by wrist
plalccbu group capsules 2 mg wegraphy)  was  most
(o :mprove at08:00 then | noved i e light-
sleep and 1 g at 11:00 | \reatment group, although the
performance und 14:00 melatonin group also showed
measures (n=12) or significant  improvements.
during a 3- placcbo Alhough  mckaonin - was
day teansition light/capsuice unable 1o increase the amouni
(o pight sbil (n=16), of the phose shilt afier
Iransition © nighl shifi. il s
likely that the intermedialc
levels of improvement  in
sicep retlect the hypothermic
cliccs of mclstonin. Ry
lowering  core  temperatune
atrass (he sleep period, sleep
may be enhanced.  This
improvement in sleep quality
did not produce concomitant
improvements  in shift
perionmance tor melatonin
group.
Double- To determine | Assessment of | Each 22 healthy, Eithera Analysis of sleep diaries
blinded, whether sleep qualily, participant | adult ruclatomin 6- found no significant
randorniged, mclatonin is posilrearment completed | volunieers mg capsule difference (P>.05) between
crossover effective in mood and ntotal of 4 | who were (Vitamin the rwo treatments with
sludy (US) helping workload spans of working a Research respect 10 mean SL.
emergency ratings. consecutiv | span of Products tnc., | duration and efficiency and
medical e night conseoutive Carson subjectively rated  slecp
services shifts (2 night (23:00 Clty, Nevada) | quality. No significant
personnct melalonin, 10 67:00) or placeho 10 benetits were noted
who work 2 placebo) | shifls be taken beiween the median VAS
rotaling might hefore cach scores  for daily posi-
shifls reset of the aealment mood or
their consexutive workload ratngs. Hence, no
biological day slceps. clinical benefits were noted
clocks and in the personnel working
minimise rotaling nighl shifls,
circadian
rhythm
distuption.
Double-bMind. | To determine | Time at the 2.5 days 18 emergency | Either 10 mg As measured on the basis of
placcbo- whether start and end pbysicians sublingual SSS. melatonin  improved
controficd exogenous of a sieep (adults) who melatonin alenness at the end of a
crossover melatonin period, sleep worked tablet (Source | night shifi over placebo
(rial (US) improves day | duration. lime stoings of 2 or | Naturals (MD. 0.5, 95% C). 0.04-
sleep ormight | required 10 lall 5 daily §-h Products. (.0), No diffcrence was
alertness in asleep. desired night shifis Scotts Valley, | noted between  melatonin
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
treatment (*“l"il‘:f"-) '
cmergency sleep duration. (23:00to CA)or and placebo in aleriness at
physicians number of 07:00) placebo each the beginning of a night
working night | premarare morning shift (median, 0; 95% CI. -
shifis. awakenings, during one 0.4 16 0.9) or at the rmdpoint
and number of string of of a night shift (medion, 0:
slecp perods nights and the | 5% CI, 0.4 10 0.5). When
stapped carly other the melatonin and placebo
because the substance periods were  combined,
subjcel could during another | median SSS scores
nof sleep. string of increused as might  shifls
quality of nights of equal | progressed  trom 2 just
sleep. duration. before a shift 10 2.25 =t
midpoint, 104.75 justaftera
night shift.
Randomised. | To determine | SL (min), 3 nights 15 physicians | Melatonin § There was no  difference
placebe- whether there | hours sleep (adults) [rom mg (as 2 belwcen  wmelaenin - and
controlleq, are per night, the melatonin placeba in the global
double-blind. | mcasurable night cmergeney 2.5-mg assessmemt  of  rccovery
crossover beneficial awakening deparimient of | tablets: (60.4x16.9 and 58.9+14.5,
nal (US) eflects from {m¢an number an urban Nature’s respectively: P=029).
SXOPEnoUs awakenings), lertiary care Vision, There were o dilferences
melatonin in early hospiial Portage, MT) | in slecp quality. duration or
emergency awukening or placebo for | drcdness  scores,  sleep
physicians 3 consecutive | laiency, hours of sleep
afler nights after obiained per night and night
intermident nigh(-shifl or carly awakening al agy
night-shifl daty with measurement point. Profile
duty. crossover 1o ol mood stucs and
(he opposite neuropsychologic tost
agent afier a performances were similar.
subsequent No beneficial effoct  of
block of night | melatenin was found on
shills. dleep quality. ricedness, or
cognitive  Runctwn  in
emergency physicians after
night-shift duty. The results
suggest  that  exogenous
melatonin  is  of limited
value in recovery from
night  shit  wok in
emergency physician,
Progpective, To determine | Assessment of | 3 days 19 emergency | Either Among the 19 volunteers.
randomised. wherther daytime slecp medicine melatonin [ there was no differcnce in
double-blind | melatonin quulity, residents mg caplet sleep efficiency (91.16% vs
crossover taken prior 10 | nightime (adulis) (Par 90.98%. nol significant).
design (US) alempted slecpiness, Pharmaceulle | sleep duranvn (379.6 vs
daytime sleep | and mood alg, Spring 342.7 min, not significant)
sessions will state in Valley, or SL (7.59 vs 6.80 min. nol
inprove cmergency NY) or significant), berween
daytime sleep | medicing placebo. 30-60 | melatonin  and  placebo,
quality. residents, min prior to respectively.  In - addigon,
mghttime changing from their dayvime | ncither the POMS 1010l
slecpiness, daytime lo sleep session, mood disturbance  (3.769
and mood nighttime for3 baseline vs 12212
state in work comsecutive mclatonin vs 3,583 placebo,
emergency schedules., days alter nol significant) nor the SSS
madicine each night (1.8846 baseline vs 2,2571
residents, shifi. meleioan vs  2.1282
changiop placebo. not significant)
from daytime demonstrated a slatistical
1o nighttime difference  in nighttime
waork mood and  sleepiness
schedules. between  melatonip  and
placebo.
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
treatment (*“l"il‘:f"-) '
Placeho- To isolate the | Davrime Two 6-day | 21 (mcan age: | Subjects took Melatonin  prevented  the
contolted, slcep- sleep. laboratory | 27.0+5.0 1.8 mg SR decrease o sleep time
double-blind, | promoting recovery sessions, years) melatonin doring  daytime  sleep
erussOver eMects of sleep, sahivary | including | | subjects tablet relative (o baseline, but only
design (US) melatonin, levels of adaplation | working vight | (donoted by on the 1" dey of melatonin
and Lo melatonin. night, 2 shifrs Ecologcal dosing. Mclatonin increased
determine subjeetive bascline Formutas. sleep time more in subjects
whelther reports ol nights, 2 Concord CA) who had difticulty in
melatonia sle¢piness, consecutiv 0.5 b before sleeping during the day.
could sleepiness ¢ 8-h night the 2 daytime¢ | Melatonir had no effeet on
improve during the shifis sleep cpisodes | alentness on the MSLT or
daytime sleep | night shifts. followed during t performance  and mood
and thus pertormance by in 8-h scssion, and during the pight shift.
mighllime and mood daytime placebo before
alertness and | during night sleep the daytime
performance shifis.s episodes sloep cpisodes
during ihe and | duming the
night shift. recovery other session.
night
Randomised | To test Circadian 32 adult Either Melatonin produced larger
double-blind | whether rhythm phasc subjects who | meclatonin 0.5 | phase  advances  thay
design (US) melatonin can | shifls, body slept in the mg (n=9) or placebg in fhe circadian
facilitatc cmperarune, afternoons/ 3.0 mg rbyvithms of melatenin and
phase <hiflsin | slecpiness and ovenings capsules lcperature. Average phase
a simulated mood mtings. betore night (donated by advances (£SD) of the dim
night work work (a 7-h Ecological light me¢latonin onsel were
protocol. advance of Formulas, 1.7£1.2 Iy (placebo).
the sleep Concord CA) 3.0+10 b (0.5 my) and
schedute) {(n=Ior 39405 b (3.0 mg). A
placebo measure  of  circadinn
(n=12) before | adaptation, shifting the
the first 4 of 8 | lemperalure minimum
afternoon/ enough 10 occur within
cevening yieep | sllemoon/cvening  sleep,
episodes a1 a showed that only subjects
lime when ajven melatonin achieved

mclatonin has thig goal (73% with 3.0 mg,
been shown o | 56% with 0.5 mg and 0%
phage advance | with placebo).

the cirendian

clock.
Crossover Whether Daytime for 2 days 12 nighishift Placebo. The sleep period and TSTs
design melatonin sleep, nocrural | of different | nurses melatonin 6 were significantly increased
(Republic of | improves alermesy, 4-day (adulis) mg pill and by melalonin reaiments.
Korea) adaptation of | performance. nightshifis melatomn Noctwmal alenness  was
woOrkers 10 mood sfales. with only marginally improved.
nightshift snd sunglasses for | There were no differences
il'its 2 days of benveen mclatonin groups.
beneficial different 4-day | Performance lests revealed
eflect is nightshifis. no difference  between
enhanced by Plg¢ebo and placgbo and  mclatonin
atienuation of melatonin Ureal ments. Melatonin
morming were taken cxcired modest benefit in
sunlight before improving the adaptation of
cxposuse. daytime slecp | workers to nights hifi and its
and altowed efvct was not ¢nhanced by
CXPOSUIC (0 aticnuation  of  momning
moming simlight exposurc.
sunlight.
Double-blind | To test the Circadian 67 young, Sunglasses. With bright light during the
CrOSSOvVer relative phase participams bright lighi, night shift, almost all of the
triat (US) contribution asses$ments, (median age: melatonin 1.8 | earlier participants schieved
and the 22 vears) mg SR mblet | complele  re-entrainment
combined participated (donated by and the phase delay shift
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Reference

Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
treatment (*“l"il‘:f"-) '
cffectiveness in3 Ecological was so large thar davker
of vanous consecttive Formulas. sunglasses and  melatonin
interventions, simulated Concord, CA) | could not increase i
1.c., brigh( night shifis or placebo magnijtude With only room
light, (23:000 right before light during the night shift,
sunglasses 07:00) and bedrime al darker sunglasses helped
and melatonin then slépt at 08:30. carlier paricipams phase-
to phase- honte (08:30 delay more than normal
delay 10 15:30) in sunglasses, but melatenin
¢ircadian darkened did not incresse the phase
rhythms and bedrooms delay.
realign them
with sleep in
the mominy
afier night
shift,
Double-blind. | To tesi Sleep. 2 wecks 16 men and Cither 28 residents completed bot
randomisedl. whelher altenions and 29 wonicn melatonin J oeatmens: 17 completed |
placcbo- melatonin mood (healthy mg gelacine weatment (10 placebo, 7
conteolled reduces the mearures, second-year capsules melatonin), There was not a
crossover deleierious pacdiatic (containmg statistically significant
study (US) effects of restdents synthesised difference in measures of
nigh-shifi working 2 melatonin by sleep, mood, and 5 of &
work on night foat Regis measures  of  aucntion
sleep. mood rotations). Chemical Co. | during  mefalonin - and
and atention aged 28.6x1.9 | Morton placebes  rewment.  One
in paediatric years, Grove, 1) measure of aliention, the
residents participated. mixed o nurober of omission emors,
during night Of these 43 lactosc) or a was significantly lower on
float rotation. residents, 28 placebo mclatonin {3.049.6) than on
participared before placebo (4.3£17.5) (z= -
in the sidy hedtime in 212, P=0.0}). A benelicial
during the 2 the morning effect of melalonin
nigin float after njght wllentton may occur
rotations, shift independently of improved
conmpleting sleep or decreased FRatigue.
the 2 However, melatanin did nor
Ireatment improve  sleep  duration,
arms ol the vigour or fatigue. The
crossover variubility in response< and the
design. incansislc'_ncy of resulls among
other studies may have been due
10 p!mrmacoger\cl[c
charncerishics. indtvidual
1ferance to sl wock and o
relationship  of  response  to
melatonin - with  individunl
talerance o shift work.
Double-blind | To determine | Sleep log 36 adolt Meclatonfin 1.8 | Although mclalonin  was
crossover whether measurements participants mg SR tablets | associaied  with  small
wnal melatonin had | of TST and who worked 5 | (by Lcotogical | improvements in  sleep
a soponftic actigraphic conscoutive Formulas. quality and quanuty. the
cffeot. measurement(s simulated Concord, differences were not
of SL. TST night shifls, Cali{ormia) statistically sigmficant by
and three from 23:00 0 | (n=18)or AVOVA. However.
movemenl 07:00 h placebo binomial analysis indicacd
sndices. (n=18). taken that mclatonin participanis
at 10:00 b.s were more Likely ro sleep
better than their placebo
counterparis on sonic days
with S0ImM¢ nIcasures.
Randomised, | To cvaluale Subjective and | 8 days 17 subjects Placebo, Subjective measures
controlled the effecis of | objective working & melafonin 3 showed 1hat  melatonin
crossover bright light measares of schedule of 2 | mg caspule. | | modesily reduced
design and melatonin | sleepincss weeks oo b hefore sleepiness al work during
on adoptation | (KSSanda 12-h shify bedtime, or e day shift and increased
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Reference Design Objective (s) | Efficacy Duration Study Dosing Efficacy results
endpoints of sample regimen
treatment (*“l"il‘:f"-) '
{(Norwsy and | 1o righrwork | simple scrial witlt the I bright light sleep by [5-20 min per day.
Sweden) on an oil rig reaction-time week on niglit | (30-min Bright light gave values in
in the North test) and sleep sNhifl and the exposure) berween those of melatonm
Sea. (diary and 2M week on during the first | and the placebo, but with
acrigraphy). day shifi (... | 4 daysonthe few significanr  results.
swing shifi night shifi and | According to  objective
schedulc) during the Aest | measures,  bright  light
4 days on the improved sleep to 2 minor
day shifi. depree during night shifl,
Double-blind. | To evaluate Subjective I mght 118 shifi- Omal intake of | Sleep onsel latency was
randomised. the cfect of sleep onscer worker Smg significanily reduced while
placebo- oral latency, nurses, aged melatonin subjects were receiving
controllcd mclatonin number of 24-46 years tablet taken mclatonin as compared with
srossover laken before awakenings 30 rmin before | both placebo and baseline.
study (lran) nighttime and duration oightdme There was no evidence tha
sleep on o( slcep. sleep or melaonin wtered TST (as
subjecrive placcbo, on compared with baseline
slcep onset the first night TSTH.
latency, after night
number of work.
awakenings
aond duralion
of slecp.
Randomised, | To evaluaic sleep Duration 50 adult shii | Melatonin 3 Among 295 worskers, 103
double-blind, | the efficacy cfliciency. of study workers with mg tablet or had difticulty falling asleep.
placebo~ of'3 mg slecp onset was 20 difficulty placebo, Finally, from 30 randomty
controlled melatonin latency, TST. days (3 falling asleep | taken 30 min selected  workers  with
CTOSSOVET taken 30 moin wakenings nights cach | (mean age: before difficelty falling asleep. 39
study (lran) betore afier sleep period with | 32,948 years) | nighttime workers  completed  the
nighttiine onsct. a washont sleep. study. Meclatonin treatment
sleep on shift of2 significamly increased
workers with wieks) sleep  efficiency  and
dilficulty decreased  sleep  onsel
talling asleep. lntency vs baseline and
placeba. Sleep cficiency
was incréased from 82.1%
ar bascline o 83.5% afier
melatonin  herapy.  Also.
sleep onset latency was
decrensed from 0.27 h oat
baseline w 0.20 h after
melatonin.  Effects  of
melatosiin on TST and
wakening afier sleep onset
were nol significant.
Randomised, To compurc Primacy: 2 nights 24 emergency | Atthe end of | In (he wmelalomn group,
double-blind. | the comparison of’ medicine shifts* eycle, 3 | daytimie sleepiness
replicated effectiveness | KSS and residents mg melatouin | (calculaled by KSS) bad a
CrOSSOver of melatonin POMS scores (aduls) tablet or significanl reduction afler
trial (Iran} vs placebo on | helween the 2 working 9-h placebo Laking the 2* dose ol drug
slecp ATTNS. shifson & (12farm) lor 2 {P=0.003), but the samc
efficiency in Secondary: consecutive consecutive result was notv observed
cmergency companson of days, 2 pights after when  comparing  the 2
medicine other sleep moniings, 2 the 2" night groups.  Mood  stalus
residents. quality cvenings and | shifl with {calcnlated by Profile of
variables 2 nighis and grossover o Mood Suates) showed no
between the 2 then 2 days \he other arm remarkable difference
ams, olf aNera 6-day between the 2 groups.
olf drug

Abbreviations: ANOVA, asalysis of variance: Cl, conlidence unerval; DLMO., dim-light nielatonin onset: KSS. Karolinska Sleepiness Scale; MD,
median difference; MSLT, multiple sleep fatency test; POMS, Profile of Mood States: SD, stundard deviation: SL, slcep latency: SR, sustained release;

S5S. Swanlord Steepiness Scele: TST. total sleep nme: US, United States: VAS, visusl analoguc scale.
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[n an open study_, in which a total of 1,533 nurses participated in a survey
on shift work, sleep and health responded to questionnaires at baseline and about 2 years later

at follow-up, the results showed a significant reduction in the prevalence of SWD from baseline
to follow-up, from 35.7% to 28.6%. Significant risks of having SWD at followed-up and the
following variables measured at baseline; number of nights worked the last year (odds ratio
[OR]=1.01, 95% CI= [.01-1.02), having SWD (OR=5.19, 95% CI= 3.74-7.20), composite
score on the Epworth Sleepiness Scale (OR=1.08, 95% CI= 1.04-1.13), use of melatonin
(OR=4.20, 95% Cl= 1.33-13.33), use of bright light therapy (OR=3.10, 95% CI= 1.14-8.39),
and symptoms of depression measured by the Hospital Anxiety and Depression Scale
(OR=1.07, 95% Ci= 1.00-1.14). Leaving night work between baseline and follow-up was
associated with a significant reduced risk of SWD at follow-up (OR=0.12, 95% CI=0.07-0.22).

An early meta-analysis by" suggested a combined estimate produced by
the studies that favored melatonin 1o the treatment of secondary sleep disorders or sleep

disorders accompanying sleep restriction, such as jet lag and SWD, however, the effect was

not significant. Nevertheless, the analysis provided evidence that melatonin is safe with short-
term use 1o such conditions
of the studies conducted by

, the majority of studies of permanent night-shift workers have found melatonin to be of
benefit in facilitating circadian adaptation to night-shift work.

attempting a practical approach to circadian rhythm disorders,
concluded that bright light treatment and exogenous melatonin administration are considered
to be the treatments of choice for these circadian rhytbm sleep disorders, including SWD,
although melatonin treatment is not dose-related. A subsequent review by
-gsuggestcd that melatonin (1.8-6 mg), given prior to day sleep, bas been shown to
improve total sleep duration in both simulated night shifis and studies of night workers, being
a rational treatment option for shift work requiring an early rise time, due to the known efticacy
of exogenous evening melatonin in advancing circadian rhythims. A corresponding review
article published in the same year by_ stated that studies on the
effectivencss of melatonin for the treatiment of SWD have been mixed and conclusions may be
Iimited by the use of different doses and formulations, however melatonin or other hypnotic
administered before daytime sleep is suggested as a possible treatment for SWD. &
also presented a non-systematic review of all potential uses of melatonin
and concluded that for shift work related sleep problems results were inconclusive due to the
variability of the sourced data.

A Cochrane systematic review of 15 randomised piacebo-controlled trials with 718 participants
included 9 trials that evaluated the effect of melatonin and 2 for the effect of hypnotics for
improving sleep problems. One trial assessed the effect of modafinil, 2 of armodafinil and 1
examined caffeine plus naps to decrease sleepiness or to increase alertness. Melatonin (1-10
mg) taken after the night shift may increase sleep length during daytime sleep (mean difference
[MD]=24 min, 95% Cl, 9.8-38.9; 7 trials, 263 participants, low quality evidence) and night-
time sleep (MD=17 min, 95% CI, 3.71-30.22; 3 trials, 234 participants, low quality evidence)
compared to placebo. The investigators did not find a dose-response effect. Most tnals were
Judged to have a low nsk of bias even though the randomisation method and allocation
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concealment were often not described ||| N 1» 2ddition, according to the
conclusions of a very recent systematic review of 10 clinical studies ﬂ
administration of exogenous melatonin, at doses ranging from | to 10 mg, was overa

considered effective in shift worker health personnel suffering from sleep disorders and given
its low AEs and tolerability, it received a favorable opinion by the study authors.

In order to more clearly define the actual outcomes of literature studies, the Applicant has

erformed a thorough re-analysis of clinical data based on the Cochrane systematic review of
_ The effects of melatorun administration on varjous subjective and objective
endpoints, regarding the physiological effects of SWD, were evaluated so as to conclude 1f
there is a proper dosing scheme of melatonin supplementation for this indication. Sieep time
(next day and next night), sleep onset latency (next day and next night), sleep quality (assessed
by VAS), alertness during the night shift work (assessed by VAS) and sleepiness during the
night shift work (assessed by KSS) were assessed (Table 20).

Table 20. Overall statistical data on the effect of melatonin on SWD.

Outcome or sabgroup title onti.;g:ers Statistical method Effect size
Total sleep time, next-day 7 24.34 [9.82, 38.86]
Diary-based slecp fime 6 . 23.49 [8.49, 38.49|
Actigraphy based sleep time l l(\{‘\jm;:géﬁe{;n; 37.0[-20.87,94.87]
Total sleep time, next night 3 ’ ‘CI)S 16.97[3.71.30.22]
Diary-based sleep time 2 19.05 [4.47. 33.63]
Actigraphy-based sleep lime ] 7.0 [-24.88, 38.88]
Sleep onset fatency, next day 5 0.15[-2.18, 2.48]
Dlzu.'y-base_d sleep onset latency 4 Mean Difference 0.80 [-1.15, 2.75]
Actigraphy-based sleep onset latency 1 : -9.0 [-18.60, 0.60]
- (IV, Random, 95 %

Sleep onset {atency, next night 3 e Totals not selected
Diary-based sleep onset lateney, next night 2 0.0 0.0, 0.0]
Actigraphy-based sleep onset latency, next night [ 0.0 [0.0, 0.0]
Sleep quality (VAS) 4 Std. Mean 0.08 [-0.15,0.31]
Alertness during the night shift work (VAS) ] Difference Totals not selected
Sleepiness during the night shift work (KSS) l (IV, Fixed, 95 % Totals not selected
Sleepiness during the day shift work (KSS) l CI) Totals not selected
Abbreviations: CI, confidence interval; KSS, Karolinska Slecpiness Scale; VAS, Visaul Analogue Scale.

Taking everything above into consideration, administration of 1-10 mg (more frequent dose
was 3-6 mg) melatonin after the night shift may increase sleep length during daytime sleep
(MD=24 min, 95% CI: 9.8-38.9; 7 trials, 263 participants) and night-time sleep (MD=17 min,
95% CI: 3.71-30.22; 3 tnals. 234 participants) compared to placebo, but will probably have no
effect on sleep latency in next day or night. Additionally, there is substantial evidence that
melatonin is safe with short term use and the AEs reported from these studies did not differ
statistically significant from that of placebo (please refer to Table 21 below).

Therefore, the proposed indication of management of SWD and the dosing scheme of 3-6
mg melatonin supplementation one hour before bedtime may be generally supported by
the current scientific literature for the oral solution of 1 mg/ml melatonin due to its
beneficial effect in sleep length during daytime and night-time, lack of AEs in other sleep
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parameters and excellent safety profile. In all, literature evidence supports the notion that
melatonin can be considered as an effective agent in helping shift workers manage sleep and
alertness better, provided that the right dose at the right time is employed. Of note, the
management of shift-work sleep disorder has been already included as an indication for other
commercially available melatonin tablet formulations marketed since early 00’s in some EU
member states . Although some of the published
trials have also utilised solid formulations, it has to be taken into consideration that the
bioavailability of the liquid forms is comparable to those of the IR solid forms (please refer to
the Pharmacokinetics Section of the current Clinical Overview), with the PK parameters being
within the range and approaching the mean of those obtained with the solid dosage forms;
therefore, bridging is successfully met.

2.5.4.4 DOSING SCHEDULE AND ADMINISTRATION

Altogether, taking into account both PK and clintcal data, the proposed posology
recommendations are as follows, also according to other approved melatonin products for the
proposed indications and patient population groups.

Posology
For the shori-term treatment of jet lag in adults

The standard dose is 3 mg (3 ml) daily for a maximoum of 5 days. The dose may be increased
to 6 mg (6 ml) if the standard dose does not adequately alleviate symptoms, The dose that
adequately alleviates symptoms should be taken for the shortest period. The first dose should
be taken on arrival at destination at the habitual bedtime. Due to the potential for incorrectly
timed intake of melatonin to have no effect or an AE, on re-synchronisation following jet lag,
melatonin 1 mg/ml oral solution should not be taken before 20:00 h or after 04:00 h at
destination. Melatonin ] mg/ml oral solution may be taken for a maximum of )6 treatment
periods per year.

Sleep onset insomnia in children and adolescents aged 6-17 years with ADHD

Treatment should be initiated by physicians experienced in ADHD and/or paediatric sleep
medicine.

Recommended starting dose is 1-2 mg (1.0-2.0 ml) 30-60 min before bedtime. The dose can
be increased by 1 mg (1.0 m}) every week until effect up to a maximum 6 mg (6 mi) per day,
independent of age. The lowest effective dose that controls symptoms should be given.

There 1s limited data available for long-term treatment. After at least 3 months of treatment,
the physician should evaluate the treatment effect and consider discontinuing the treatment if
no clinically relevant treatment effect is seen. The patient should be monitored at regular
intervals (at least every 6 months) to check that melatonin 1 mg/ml oral solution is still the
most appropriate treatment, During ongoing treatment, especially if the treatment cffect is
uncertain, discontinuation attempts should be done regularly at least once per year.
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[f insomnia has occurred during treatment with ADHD medication, dose adjustrent or change
of the treatment should be considered.

Management of SWD in adulrs

The recommended starting dose is 3 mg (3 ml) before bedtime. The dose can be increased until
effect to a maximum 6 mg (6 ml) per day.

Elderly

As the PKs of melatonin (IR) is comparable in young adults and elderly persons in general, no
specific dosage recommendations for elderly persons are provided.

Renal intpairment

There is only limited experience regarding the use of Melatonin 1 mg/ml oral solution in
patients with renal impairment. Caution should be exercised if melatonin is used by patients
with renal impairment. Melatonin | mg/ml oral solution is not recommended for patients with
severe renal impairment.

Hepatic impairment

There 1s no experience regarding the use of Melatonin 1 mg/ml oral solution in patients with
hepatic bmpairment. Limited data indicate that plasma clearance of melatonin is significantly
reduced in patients with liver cirrhosis. Melatonin 1 mg/ml oral solution is not recommended
in patients with moderate or severe hepatic impairment.

Paediatric population (under 6 years of age)

The safety and efficacy of Melatonin | mg/ml oral solution in children aged 0-6 years have not
been established.

Method of administration
Melatonin | mg/ml oral solution is for oral use only.

Once titrated to an effective dose of Melatonin oral solution, patients may remain on their
treatment and care should be exercised when changing between different formulations. Food
can enhance the increase in plasma melatonin concentration.

Intake of melatonin with carbobydrate-rich meals may impair blood glucose control for several
hours. It is recommended that food is not consumed 2 h before and 2 h after intake of Melatonin
I mg/ml oral solution. As alcohol can impair sleep and potentially worsen certain symptoms
of jet lag (e.g., headache, morming fatigue, concentration), it is recommended that alcohol is
not consumed when taking Melatonin | mg/ml oral solution.
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2.5.5 OVERVIEW OF SAFETY

Melatonin-containing products for oral administration have been used within the EU/UK and
worldwide foy many years. Thus, data relative to their safety, result, from clinical studies and
from this extended postmarketing experience. Up to date, no serious safety signals have been
identified in clinical tnals, nor any other pharmacovigilance alerts have been observed for oral
melatonin products registered in the EU/UK. A large literature search relative to the available
publications in this field was made and the available data are presented below.

2.5.5.1 ToxiCity

There is an amount of published information regarding the potential AEs of melatonin.
Melatonin is considered to be safe, as being an endogenous substance that is well-tolerated
even when administered at high doses (100 mg crystalline melatonin). The most comimonly
reported adverse reactions of short-term melatonin use were nausea (incidence; ~1.5%),
headache (incidence: ~7.8%), dizziness (incidence: 4.0%) and drowsiness (incidence: 20.3%);
however, these effects were not significant compared to placebo. Melatonin treatment appeared
to be well-tolerated in patients This result did
not change by dose, the presence or absence of a sleep disorder, type of sleep disorder, duration
of treatment, gender, age, formulation. of melatonin, use of concurrent roedication, study
design, gquality score and allocation concealment score . Overall, AEs were
generally minor, short-lived and easily managed, with the most commonly reported AEs
relating to fatigue, mood or psychomotor and newrocognitive performance. Melatonin doses

below & mi have occasionally induced heavy head, headache and transient depression -

Although it has been referred that melatonin may aggravate depression in patients with
psychiatric illness or induce it in those susceptible to it n a systematic review
conducted by , 10 studies reporting on psychological AEs, such as
depression, anxiety or mood changes, found no statistically significant difference between
melatonin and placebo

Therefore, the potential aggravation of

epression due to melatomin 1s not considered to be clinically relevant in short-term
admunistration of therapeutic doses or as supplement. In animal models, melatonin treatment
significantly abolished the effects of lipopolysaccharide and reduced nuclear factor-kappaB
(NF-kB) in the cortex and_the hippocampuys, both effects resulting in an improvement of
depressive-like behaviours ﬂ These results point towards the possibility of an
“antidepressant effect” of melatonin via the interplay with the immune system. Furthermore,
cortisol functioning and its circadian fluctuation is essential for the adequate melatonin surge.
Blunted cortisol rhythms (i.e., lower moming, cortisol peak and higher daytime values) .have
been demonstrated in association with depressive symptoms in humans—
A significant increase in fatigue with melatonin

administration, alongside decrease in vigour/energy, has been reported in studies in which
melatonin was administered during daylight hours at higher doses (>50 mg)
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Indeed, most studies involving melatonin dosing in humans point out that overall AEs of
melatonin are insignificant and, in general, similar to those found with placebo
B o hangover effects have been observed with melatonin when administered at
reasonable concentrations, partially as a consequence of its short t's. However, high doses
(240-1,000 mg/day) administered in a small number of subjects was assoctated with hormonal
changes that were inconsistent among the different reports. Despite the lack of extensive data,

a meta-analysis that reviewed 10 controlled trials (over 200 subi'ects) with melatonin used for

<3 months showed only scarce reports of AEs

Suppression of endogenous melatonin secretion

Exogenous melatonin did not affect the production of endogenous melatonin in terms of
secretion rate, amplitude and duration, measured the endogenous
melatonin profiles after a physiological dose of melatonin (0.5 mg) or placebo at bedtime to 21

night-shift workers for 7 days. The amplitude of endogenous melatonin secretion was
unchanged by treatment. Also, a melatonin treatment trial using a 50-mg daily bedtime dose
for 37 days to a blind subject resulted in no change in the endogenous melatonin profile.

Later, _ investigated the effects of an artificially prolonged melatonin

(1.5 mg) profile on endogenous melatonin and cortisol rhythms, wrist actigraphy and
reproductive hormones in humans. Compared with placebo, inelatonin administration
advanced the timing of endogenous melatonin and cortisol rhythms. It was concluded that
melatonin treatment did not affect the endogenous melatonin profile duration, pituitary/gonadal
hormone Jevels (24 h), sleepiness and mood levels on the subsequent day.

Hepatoroxicity

In several clinical trials, melatonin was found to be well-tolerated and not associated with
serum enzyme elevations or evidence of liver injury. Despite wide scale use, melatonin has not
been convincingly linked to instances of clinically apparent hiver injury _

A review of provides a detailed and updated description of the
protective effects of melatonin against various factor-induced liver injuries and diseases.
Melatonin has shown protective effects in liver injuries induced by chemical pollutants, drugs
and alcohol, as well as liver diseases including hepatic steatosis, fatty liver, hepatjtis, fibrosis,
cirrhosis and hepatocarcinoma. It could alleviate liver injuries and diseases by preventing
oxidative damage, improving mitochondnal physiology, inhibiting liver neutrophil nfiltration,
necrosis and apoptosis, reducing the severity of morphological alterations and suppressing liver
fibrosis. However, related studies of melatonin applied to clinical treatment for liver injuries
and diseases are limited.

The use melatonin is not recommended for use in patients suffering from moderate or severe
hepatic impairment.

Cardiovascular system

AEs on BP and heart rate in populations with cardiovascular conditions and concurrent
antihypertensive medications have been reported with melatonin use. However, 1t is unclear
whether these events are attributable to melatonin itself or to melatonin-drug interactions. The
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lack of information concems also several other conditions, including autoimmune disorders,
interactions with commonly used medicines, etc

The effect of 2 mg of melatonin or placebo on the Heart Rate Variability:(HRV) of 26 healthy
men was evaluated by h Compared with placebo, melatonin
administration within 60 min increased R-R interval, the square root of the mean of the squared
differences between adjacent normal R-R intervals, high-frequency power and low-frequency
power of HRV and decreased the low-frequency to high-frequency ratio and BP in the supine
position (all, P<0.01). Plasma norepinephrine and dopamine levels in the supine position 60
min after melatonin dosing were lower than after placebo (£<0.05 and £<0.01, respectively).
Standing up. resulted in the decrease of HRV and the increase of BP and plasma catecholamine
levels in both administration groups and the differences between the groups found in the supine
position disappeared. Melatonin administration also may exert suppressive cffects on
sympathetic tone.

Glucose metabolism

Effects of melatonin on glucose metabolism have been shown and pathophysialogy is known.
Increased MTNR 1B gene expression 1o risk allele carriers, might lead to a reduction in insulio
release, increasing type 2 diabetes risk. It has also been discussed whether the variant in
MTNRB could predispose persons to glucose intolerance or type 2 diabetes under conditions
of insulin resistance, such as obesity. Further studies conceroing the possible role of exogenous
melatonin in impaired glucose tolerance at this point are lacking |||

CNS adverse reactions

A systematic review conducted by _ found one randomused
controlled trial (RCT) demonstrating no significant difference between melatonin and placebo
in AEs and one other where a disorientating ‘rocking’ feeling was significantly more frequent
with melatonin (P=0.036). Hypnotic effects after melatonin occurred in 5 RCTs included in
the review, affecting about 10% of people. Other effects included headache or heavy head (2
RCTs), disorientation (1 RCT), ear, nose and throat problems, nausea and GI problems. One
subject had difficulty in swallowing and breathing within 20 min after melatonin intake, but
symptoms subsided after 45 min; they recurred after another dose of melatonin, The review
reported that the AEs in the trials occurred during treatment and seemed to have been short-
lived. Six published and 19 unpublished case reports described possible related AEs on the
CNS (including confusion, ataxia, headache and convulsant effects), blood clotting
(prothrombin increased or decreased, suspected interaction with warfarin), cardiovascular
system (including chest pain and dyspnoea) and skin (fixed drug eruption) effects. Although
the review noted the difficulty in interpreting such data, it questioned the safety of melatonin
in people with epilepsy and in people taking warfarin or other oral anticoagulants. It also
suggested that people in these groups should not use melatonin without an informed medica}
discussion and concluded that further investigation was needed. ln addition, reports of fixed
drug eruption, an allergic manifestation, appear to be rarely present.

A later comprehensive, critical systematic review of clinical evidence examined controlled
studies of oral melatonin supplementation in humpans when they presented any statistical
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analysis of AEs. Of the 50 articles identfied, 26 found no statistically significant AEs while
24 articles reported on at least one statistically significant AE. AEs were generally minor, short-
lived and easily managed, with the most comumonly reported AEs relating to fatigue, mood or
psychomotor and neurocognitive performance. A few studies noted AEs relating to endocrine
(e.g., reproductive parameters, glucose metabolism) and cardiovascular (e.g., blood pressure,
heart rate) function, which appear to be influenced by dosage, dose tuning and potential
interactions with antihypertensive drugs. Oral melatonin use in humans has a generally

favourable safety profile. It has been suggested that most AEs can likely be easily
avoided/managed by dosing according to natural circadian rhythms*
Epilepsy

A number of clinical trials have examined the efficacy of oral melatonin for sleep disorders
associated with neurological and psychiatric disorders, with the majority involving children
and adolescents. As such conditions can be associated with an increased risk of seizures, the
studies in question have typically monitored the potential tor imelatonin to exacerbate seizures
or to mduce setzures in those with no previous lustory. Representative relevant trials and
reviews are summarised below.

A study found no suggestion that long-term intake of melatonin activated an epileptic event in
19 paediatric patients with a seizure disorder. A study in which 51 children and young adults
with intellectual disability were treated with melatonin or placebo for 4 weeks observed no
changes in seizure frequency ||| || R A 3.7-year follow-up study of 101 children
with ADHD who had previously been given 3-6 mg melatonin for 4 weeks found none to have
developed epilepsy, a finding considered consistent with literature data indicating no clear pro-
convulsive action of melatonin . A review of melatonin for sleep disorders
associated with inteliectual disability noted that while a few studies have reported worsening
or development of seizures after initiation of melatonin, a number of others have not found
melatonin to have such effects and that it may actually have beneficial effects on seizures

A recent review of the potential for melatonin to affect epileptic seizures
identified 3 RCTs of which 2 showed no overall worsening or improvement in seizures and the

third a statistically significant reduction in seizures. The open studies identified conflicting
reslts, therefore, the available data were considered limited ||| G

Acute toxicity (short-term use)

In general, the most common AEs due to melatonin use in therapeutic dosages include sedation,
drowsiness and mild hypothermia, altered sleep patterns, increased seizure activity in
neurotogically 1mpaired pediatnc patients, fatigue, headache, confusion, pruritus and
dysphoria. It is important to note that, pre-existing medical or psychological conditions may
contribute to the AEs. Specifically, concern of harm exists for individuals with one or more of
the following: past or current depression, cardiovascular problems, seizure disorders, immune
system disorders, chronic liver or renal disease, predisposition to headaches (especially

mugraine headaches) and concurrent use of anticonvulsant. sedative. hypnotic or psychotropic
medications
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Acute administration of melatonin appears to have little consistent effect on hormone levels in
adult humans. Several early studies indicated effects of melatonin on GH secretion in men,
whereas a comprehensive study has indicated that the only acute effect of melatonin was an
elevation in prolactin Jevels, as determined i 24 young healthy males after oral administration

of 240 mg melatonin. Melatonin received in sufficiently high doses may also enbhance GH
evels, whereas various other hormoncs arc not influcrced [N

Chronic toxicity

The absence of detectable gross toxicity after several months of melatonin administration does
not completely rule out the possibility that sonie effects may become apparent only after long
latencies A relevant example 1s the development of osteoporosis, which occurs
earlier, more frequently, and to a greater extent in women with premature removal of the
ovaries (or premature menopause) than in controls.

Correlation between a developmental decline in melatonin levels with the timing of puberty in
bumans led to speculation that melatonin regulates the timing of puber@*
I Subsequent investigation indicated that this developmental decline in melatonin levels
1s due, at least in part, to developmental changes in body mass (and thus, V) and is without a
strict relationship to pubertal development ﬁ Although endogenous
melatonin does not appear to play a role in tuming of human puberty, o data are available to
draw a conclusion with respect to the effects of exogenous melatonin on puberty in humans,

These data indicate that the amplitude of nocturnal melatonin secretion does not have a role in
the regulation of reproductive events in menstrual primates.

There are published studies confirming the safety of melatorun use, even in long-term
administration cases, with no effect on endogenous melatonin secretion having been observed.
As mentioned above, chronic administration of melatonin appears to be well-toferated. Women
taking melatonin as a contraceptive agent ingest up to 300 mg/day; the initial report of this
regimen indicated that no toxic effects were noted in the 4-month treatment period
# Alterations in hormone concentrations noted in this study are viewed as evidence
of melatonin’s efficacy rather than as an indication of toxicity. Other examples of chronic
melatonin treatment at Jower doses (e.g., 5 mg/day for hypnotic effect) have been reported

without obvious AEs (PubChem); however abnormally high (or pharmacologic) concentrations
of melatonin in women have been associated with altered ovarian function and anovulation.

From the above presented safety data, it can be concluded overall that melatonin doses of 0.5-
6.0 mg can be used safely in adults and children (6-18 years) for the proposed indications,
based on the identified literature data, reports, safety reviews and the clinical experience with
the already marketed products. A more detailed discussion on the safety aspects based on the
data from respective clinical trials for the adults’ and paediatric patients according to claimed
indications in this submission, is presented in the following subsections (2.5.5.1.1 Safety in
adults and 2.5.5.1.2 Safety in paediatric patients).
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2.5.5.1.1 Safety in adults

Below, the AEs encountered in clinical studies investigating the usefulness of melatonin
for jet lag and SWD and its general toxicological and safety profile in order to cover the
case of overdose, contraindications and interactions are thoroughly presented. Both
indications require only low doses of melatonin.

In the review of ||| v here 10 studies were relevant to the safety review
encompassing 487 participants, it was proved that melatonin is safe for short-term use; in
particular, the most common melatonin-associated AEs were headache, dizziness, nausea and

drowsiness and their incidence did not differ significantly from placebo _
In the systematic review conducted by *whjch analysed studies where

melatonin (dose range: 0.5-10 mg, both IR and controlled-release formulations) was used to
optimise sleep or improve sleep quality, no serious AEs or health risks from melatomin use
were noted (n= 2,356 patients). However, the authors underlined that daytime administration
of oral melatonin (0.1-1.0 mg) may cause drowsiness, fatigue and performance decrements,
which appear to peak approximately 3-4 h after ingestion. A meta-analysis of data from RCTs
involving individuals with delayed sleep phase disorder (DSPD) that compared melatonin
(dose range in adults: 0.3-5 mg) with placebo concluded that the use of melatonin was safe
with resiect to experienced ALEs at least in the short-term treatment (n=317)

In the studies reviewed in the Section 2.5.4./ Overview of Efficacy’, the most commonly
reported AE was daytime sleepiness that can be limited by lowering the dose administered,
without impairing the efficacy. The following Table summarises the AEs observed in RCTs
involving melatonim administration for treatment of jet lag and SWD in adults and for sleep
disorders tn children with ADHD.

Table 21. Tabulated observations of AEs noticed in RCTs investigating the efficacy and safety
of melatonin in the treatment of jet lag as well as yn randomised trials in shift workers given
melatonin.

Reference Melasonin Namber'sf Safety results
dose subjects ?
Jet ag in adults
586 (474 AEs reposted more than once are (melatonin %-placebo %): slecpiness (8.3%- 1.8%),
S mg melatonin, 112 headache (1.7%-2.7%), nausea (0.8%-0.9%), “Tuzziness/giddiness™ (0.6%-0%) and ligh-
placebo) headedness (0.5%-0%).
The meidence of AEs had no difiercnce berween the 4 groups (placebo, 0.5 mg. 2.0 mg, 5.0
234174 ) S n
5.200r . nmg of melzionin). Most of the reponed symptoms were the most conumon ones for jel lag,
N melawnin, 60 . . L . ;
5.0 mg lacebo) such as daytime slecpiness: headache, dizziness or loss of appetite: these decreased with cach
e treaiment day and with eguivalenl incidence in melalonin- and placebo-treated groups,
]:;?) g:{:m?}:? Combjnation melatonin/zolpidem were less well-tolerated than melatonin alone: AE reports
S mg '20] idem. 39 included nausea, vomiting, amnesia and somnambulia to the point of incapacitation.
p?’xccbé) Confusion, morning sleepiness and nausea were highest in the combination group.
A total of § subjects reporied an increased nymber of headaches, 4 subjects reported dizziness
Sm 26 (13 melalonin, | aod 6 subjects described a disorientating ‘rocking’ feeling. There was no significant
& 13 placebo) difTerence belween the metatonin and placebo groups (or headaches und dizziness. but 5 of
the 6 subjects who reported a “rocking’ sensalion were in the melatonin group.
Smg 61 (crossover) [nireyuent AEs included drowsiness, headache, and nausea.
am 37 (22 melglonin | Two cases of AEs were relsled 1o the hypnotic aetivity of melatonin. A single case of
E and IS placebo) wchycardia and 2 vases o1 *heavy head” were considered (0 be of minor vonsequence.
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There was no signilicant difference in the number of subjects, reporting A¥s within the-active

design)

0.5 or 5.0 157 (197 freatment groups or within the placcbo group. Ln onc subject receiving 0.5 mg melatonin.
m ) melalonin, 60 difficulty swallowing, and breathing was reported almost 20 min after ingestion, symploms
g placebo) that subsided afer 45 min, Similar sympioms. ulthough somewhut milder, did receur also in
other volunieers.
No AEs with either placebo or melatonin. Two subjects taking melatonin reported a mild
5 m 20 (crossover) sedative effect lasiing about 0.5 b and 1 other reported fecling more relaxed. Among subjeets
- me - SHOve taking placebo, | reported increased tiredness, | a greater feeling of relaxation and | a greater
depth of slecp.
5 of the 18 volunteers receiving pre-Night melatonin reported minor AEs. Two had sleeping
. difficuines afier beginning the capsules, | felt drowsy for a brief tinie after taking metatonin.
44 (29 melaionin, . , | .
Smg lace | complained of occasional hendaches and another felt depressed for | day after retuming
15 placebo) 3 . . B . . )
home. None of (he subjects in the proup receiving melatopn only after arrival or placebo
reporied Alis from raking the capsules 10 davs.
SWD In adults
The meap matings for “demands on your ume” ((imc pressure), “mental effort or
conceniration' (mental load) and “stress or emotional involvement™ (siress/emotional ) were
averaged over the 7 successive nights under cach condition. The most intercsting finding was
Smg 17 the incréased rating of mental workload under melatonin, with 5 of 6 subjects showiny an
increase relative to baseling and 4 of 6 showing un increase relative to placebo. This may
imply either that melatonin tended (o reduce the subjects” ability to cope with their mental
work, or thal there was an inerease in mentsl workload on this Ieg of the study.
Post hov comparisons between each of the mreament geoups and the placebo group indicated
. that the light group responded significantly faster than the placcbo and melatonin groups
36 (12 melatonin, . ] . . .
Y . . across al! 3-night shifts. There were no differcnces in mean cortect response times belween
Img 8 bight light. 16 o . S - .
the melatonin and placebo groups on any of the shifks. Cognitive psychomotor peclormance
placcbo) . . = % : 7 il - ; .
was most improved in the light-treatment and (he melatonin group again showed litde
diffecence frow coowmols.
6 mg 22 AEs were rare; | patient taking melatonin reported a prolonged sedotive effect,
. Two subjects noted side effects. One experienced headache while 1aking melatonin, as well
1§ (crossover N g . RN . . .
10 mg desion) as nausea, abdominal cramping and irmitability while taking placebo. The other subject
= reported excessive sedarion at home while taking placebo.
Melatonin was wel) tolerated by all subjeets and no significant AEs were reporied. Subjective
15 (crossover L .
Smg design) tolerance scores were similar berween the 2 groups. Two subjecis reported headaches, both
= in the placebo phase of the Irial.
One subject described vivid dreams for one night while (aking melatonin, Additionally, he
| me 19 (crossover reported ditficulty changing back to a normal nighitime sleep session for | day after the
& design) experiment. The same subject ulso reported an increase in psychosocial stressors at the time
ol experiment due (o unrelaled personal circumstances. Otherwise, no AEs were repornted.
2} (crossoyer ) . .
1.8 mg dntigin) There were no hangover effects from melazomo adminisiration,
6 mg 12 E;;\:‘:;;wr Performance tests revealed no dificrence between placebo and melatonin irestnients.
There was not a statisticatly significam difference between placebo and melalonin in the
3 number of days with hcadaehe, abdominal pain. nausea. vomiting, diarthoen or dizziness.
3 28 (crossover e . N . g : = .
mg design) Excessive sleepinegs was present 10 days in 6 residents on placebo and only | day in |
& resident on melalonin treatment (not statistically significant difference (z= -21.69. P=0,09).
Ong residenl reported 3 days with nighimares during daytime sleep while taking melalonin.
The participants reported very litlle discomfort or side effecis from the different treatments.
Of 2 101l of §1 regisuations (17 participants, 3 conditions), discomfort nod side cifects were
17 {crossover . L
2 mg design) recorded only 4 umes. One participant reported headache afier placebo: one reported
gn headache plus cye discomfort. anc experienced intensitied dreaming following melatonin and
one reported icadache afler expesure o bright lighi.
Smg & (crqssover No AEs of melatonin were noted during (he ireaiment pered.
design)
The most comsoon side effects observed in the placebo group were lightheadedness (20.8%).
abdowminal cramps (12.5%) and some other minor AEs (20.8%). Conversely 11 residents
24 (crossover (45.8%) reponed no side cifects. The most common side cicets observed in the melstonin
Img - ; group were headache (16.7%), lightheadedness (12.5%), nausea (8.3%), vomiting (8.3%),

abdominal cramps (8.3%) and somc other minor AEs (4.2%). Conversely 10 resideats
(41.7%) veported no side cffects. Fimally, Chi-Square analysis showed no significant
difference in AEs betweceg the 2 groups (P=0.069).

Abbreviations: AE. adverse cvent.
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2.5.5.1.2 Safety in paediatric patients

Safety information summarised below indicates that short-term use (days, i.e., weeks) and
intermediate-term (e.g., months) use of exogenous melatonin 1s generaily safe in paediatric
patients with ADHD who suffer from sleep disorders. Safety data from studies of melatonin
for insomnia in children with neurodevelopmental disorders, including ADHD, indicate that
the drug is well-tolerated among this age population group and that the reported AEs (headache,
nausea, decrease of appetite, dizziness and decrease of mood) and their frequency are often
comparable to those §n subjects receiving placebo. No sertous AEs were observed following
ingestion of typical therapeutic doses of melatonin in the individual studies (Table 22), which
is also supported by reviews addressing specific and general aspects of melatonin safety
(referring to adult and paediatric populations). As per the conclusion of a recent review by [}
severe AEs, such as migraine and mild generalised epilepsy, were reported in two
cases. Data for long-term use of melatonin are available for children (aged 6 years and over)
and adolescents, though specifically designed long-term safety studies are lacking in adults.

There is substantial evidence that melatonin is safe with sbort term use and the AEs reported
from these studies did not differ statistically significant from that of placebo (please refer to
Table 22 below).

Table 22. Tabulated observations of AEs noticed in randomised tals investigated the efficacy
and safety of melatonin n children with ADHD suffering from sleep disorders.

Reference s il Num!)cr of Safety resunlts
dose subjects £
Mild headache occurved in 2 children during the first 2 days of melatonin treatment. Twelve
< 40 (20 melatonin. | children wsed melatonin 5 my, the other 1.0-2.5 mg. One child developed myd generalised
2 me 20 plucebo) epitepsy 4 months after the start of the wial. The results show that melatonin, 5 mg at 18:00
was relanively safe 10 ke io the short-tenmn. Sustained ntteprion was not affected.
Img 27 Once a restless siecp was mentioned as a minor side-effect.
Tn the melatonin group; 7 parenls reported cold feeling, decrease of appelite. dizziness and
< 62 (27 melatonin. | decrease of mood afler first inake of (he Lrial drug. In the placebo group. 3 parents reported
- me 15 placebo) headache. nausea, dizziness and increase of appetite. These possible AEs recovered within 3
days after the start of the Iniat medication.
3-5mg KR No AEs were reported.
S mg 1% f‘ccr:;a.;\er AEs were generally mild and not different from those recorled with placebo trearment.
The number of AGs did not differ significantly between melatonin and placebo ner between
105 (53
Torb | L;' "n 52 the 3- (8/44) and 6-mg (2/9) Lreated groups (P=1.00). Five patienis had { AE. 4 paticnts had
s oromg fmelalown, 2 AEs and 1 had 3 ALs. There were no discontinuations or withdrawals due to AEs agd none
placcbo) - .
of the AEs required iteatmenl.
3. 7-year tollow-up duta (related o the study by Van der Aeijden et al., 2007): No SAEs or
3-6 mg 94 e
treatment-related co-morbidines were reported.
¥} -
3-6 mg 30 (26 melatonin. Mean scores of side effects based on the stimulant drug side effects questionnaire were
24 placebo) S | . S o
> - 11.35+8.81 in melatenin and 10.16+9.05 in placebo group (nol statistically significant
Jor6mg 30 (26 melatonin. |y rrence P=0.686)
24 placebo) ) o
The most remarkable AE was worsening of soizure activity following treatmont with high
23510 m a3 doses of metatonin (10 mg) in | participant with sutism specirum disorder who was 2lso
=7 8 taking dexamphetamine and spdium valproaic. although scizure control fctumed back to
normal afler stopping mclatonisn.
The paediaric prolonged-release formulaton of melwonin was generlly safe; somnolence
125 (60 f : .
. was more commmonly reported wilh melatopy than placebo. During the double=blind phase.
2-Smg melnlonin, 65 L N 1] 7% . . - o
(acebo) severe evends were reperted by (3 (21.7%) parricipants in (he melatonin and 13 (20.0%)
p participants in the placebo grovp. with similar patterns. QOne patient in the melatonin group
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discontinued due to non-serivus ALk (tatigue, agitation and sicreotypy). One patient in the
placebo group temporarily disconrinued duc 10 2 SAEs {(pncumonia and sespiratory mact
infection viral) and | non-serious AE (lachypnea). There were no notable difYerences between
melatonin and placebo for mean changes in BP. pulse rale. respiratory rale or lemperatuse.

1-5 mg 74 Treatment was well-tolerated. No sitle effects related 10 melitonin were reported.

Treatment-cntergent ALs did not occur subsequent to week 16 after medicanon onset and the

14 my 99 . ) 2 P
° neuro-developmental disorders did noy deteriorale in Tollow-up phase,

Abbreviadons: ADHD. Anenuon Deficit Hypersctivity Disorder; AL, ndverse cvent;: BP. blood pressure; SAE, serivus adverse event

In general, several clinical studies, in which melatonin (at doses ranging from 0.5 to 6 mg) was
administered to children and/or adolescents for periods of up to 3 years, have reported safety
data, though none was specifically designed as safety study. Serious AEs or other important
safety signals were not observed, though the safety data comprised primarily AEs reported by
patients or their parents/caregivers or collected on questioners by the investigators. None of the
studies systematically measured routine blood chemistry or haematology parameters. The lack
of data for endocrine parameters and for reproductive issues in general could be of value,
considering the apparent role of endogenous melatonin, more specifically the gradual fall in

melatonin level around 9-10 years of age, in the cascade of events preceding the awakening of
the hypothalamic-pituitary-gonadal axis at puberty —
2.55.13 Safety in special populations

Fertility and reproduction

In mav, there is evidence that changes in melatonin secretion by the pineal gtand can modulate
the activity of the reproductive neuroendocrine axis. Indeed, the results of several studies have
shown the clear correlation between melatonin and gonadotropins and/or sexual steroids, which
suggest that melatonin may be involved in the sexual maturation, 6vulation or menopause.
Decreased secretion of melatonin which coexists with increased fertility in the summer is
specific for women living on the north herusphere. Moreover, abnormal levels of melatonin in
blood are associated with several disorders of the hypothalamus-pituitary-gonads axis activity,
e, precocious or delayed pubertas, hypogonadotrophic or hypergonadotrophic
hypogonadism, or amenorrhoea. Melatonun binding sites bave been demonstrated in the CNS
(mainly in the arterior lobe or else pars dystalis of the pituitary and hypothalamic SCN) as well
as in the reproductive organs, e.g., human granulosa cells, prostate and spermatozoa. Therefore,
melatonin can influence the gonadal function indirectly, via its effect on gonadotropin-
releasing hormone (GnRH) and/or gonadotropins secretion, as well as directly; several data
show that melatonin can be synthesised in gonads

Infertility treatments are associated with significant levels of reactive
oxygen species which have the potential to negatively affect the quality of oocytes and
embryos. Based on recent data, melatonin shows promising effects as an adjunctive therapy in
the reatment of infertility due to its unique antioxidative characteristics and safety profile.
Melatonin is also a key factor in the regulation of seasonal variation in gonadal activity. The
circadian disturbances related to reproduction are probably subsequent to the seasonal change.
Moreover, melatonin might also be considered essential for both spermatogenesis and
folliculogenesis. Exposure to bright light, suppressing the concentration of melatonin in
circulation, is considered to be useful in the treatment of both male and female infertility in
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couiles with abnormal melatonin metabolism _

Male reproductive roxicity: Constant short photoperiod has been shown to cause gonadal arrest
and reduction in the transcriptional activity of the cAMP responsive element modulator
(CREM) gene in hamstcrs“ A number of early studies have examined the
influence of exogenous melatonin on pulsatile LH, diurnal rhythm of testosterone and
endogenous melatonin profile.

_ evaluated the responses of LH, FSH, prolactine, thyroid-stimulating

hormone (TSH), cortisol and aldosterone to a stimulation test with GnRH, thyrotrophin-
releasing hormone (TRH), ACTH and testosterone to human chorionic gonadotrophin (hCG),
along with the serum levels of the thyrotd hormones tritodothirontne (T3) and T4 in 6 healthy
adult men. Such measurements were repeated after a 2-month course of oral treatment with
melatonin 2 mg/day at 18:00. After treatment, a marked elevation of mean serum melatonin
levels was recorded with a significant phase-advance of its circadian rhythm. The 24-h patterns
of cortisol and testosterone displayed an anticipation of the momiong acrophase of ~1.5 b (not
significant) for cortisol and 3 h (P<0.05) for testosterone. Prolactin pattern and serum levels of
thyroid hormones were unchanged. Also, circadian organisation of the cardiovascular variables
did not show any changes following melatonin supplementation; the pituitary, adrenal, and
testicular responses to specific stimuli were comparable prior to and after treatment. These
results are compatible with the view that the melatonin signal may provide temporal cues to
the neuroendocrine network for the organisation of testicular circadian periodicity.

Further data have indicated that an evening melatonin administration (3 mg) decreases the next-
day LH secretion in normal adult males without altering testosteronc Jevels or the endogenous
nocturnal melatonin secretory pattern — Subsequent study results have
suggested that long-term melatonin administration {6 mg, every evening for 1 month) does not
alter the secretory patterns of reproductive hormones in normal men—
Anderson and colleagues recruited a total of 12 healthy adult men to investigate the effect of
exogenous melatonin on the sensitivity of the hypothalamo-pituitary axis to sex steroid
negative feedback, in a double-blind, randomised crossover ftrial. Daily treatment with
melatonin (100 mg orally, at 16:00 h, for 14 days) resulted in persistently high circulating levels
of the hormone for 14 days. This treatment had no significant effect on the secretion of LH,
FSH, prolactin or testosterone based on the first week of each study (melatonin compared with
placebo). Administration of testosterone propionate (intramuscular injection) caused a rapid 3-
to 4-fold increase in testosterone plasma concentrations which was at a maxtmum at 8 h and

had returned to baseline within 4 days, with a similar pattern in both the melatonin and placebo
pertods

Later studies suggest that restoration of long photoperiod may result in recovery of
spermatogenesis. This modulation 1s dependent on the photoperiod, associated with the change
in melatonin production and can be reproduced by artificial lighting. Melatonin may be
involved in the regulation of spermatogenesis or oogenesis during development and act as the
hormonal messenger whose function would be to connect germ cells and Sertoli or follicular
cells, respectively _ Hence, it may also contribute to the
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improvement of male reproductive health and potential (particularly extrapineally-produced
melatonin), protecting against several kinds of testicular injuries mainly through its antioxidant
capacities

Female reproductive toxicity: Although melatonin levels vary significantly between night and
day shift workers, LH and FSH levels do not; this suggests that the menstrual irregularity
associated with shiftwork could be explained by melatonin {luctuations. These findings are in

hine with the above-mentioned central effects on the HPA system, being capable of modifyin

the release of gonadotrophins and GnRH H
* Early data indicate that an enhancing effect of melatonin on the LH and
FSH responses to submaximal GnRH stimuli is evident in the follicular, but not the luteal,
phase of the menstrual cycle and infer an endocrine window for the effect of melatonin on
gonadotropin secretion _ Moreover, the circadian misalignment caused
by shift work affects fertility and the fetus, increasing the risk of miscarriage, premature birth
and low birth weight, phenomena observed in night workers
- At very high doses, when combined with progesterone, melatonin has the ability to
suppress ovulation 1o humans, possibly by interfering with LH released
This may represent an evolutionary remnant with inhibition of ovulation during darker months
designed to prevent the birth of offspring when resources are less abundant.

Melatonin is also considered to delay the ovarian aging due to its cytoprotective actions as an
antioxidant Indeed, in both animal models and women, melatonin
supplementation suggests a therapeutic and preventative potential, which may be atiributed
mainly to its antioxidant properties and action as hormone wmodulator. Short-term
supplementation stydies of up to 6 months suggest that a daily posology of 2-18 mg of
melatonin may have the potential to improve fertility rate, oocyte quality, maturation and
number of embryos. However, the evidence available so far on the effects of melatonin
supplementatio

n covering gestational age and gestational outcomes is very scarce, requiring
further research

Early studies have shown that exogenous melatonin has a stimulatory effect on prolactin release
without affecting the temporal pattern of its pulsatile secretion in normal women. Melatonin
has minor, if any. effect on TSH secretion whereas the effect on LH may depend on individual
sensitivity _ In a short-term pilot study, in which 22 insomniac patients (6
mean and 16 women; meantSD age: 60.1+9.5 years; some also taking henzodiazepines)
received 3 mg of (oral) melatonin daily for 6 months, serum prolactin, FSH, TSH or oestradiol
levels did not show changes after 6 months‘

An early study has presented some data related to the influence of melatonin or melatonin-
progestin combinations on the pituitary-ovarian axis and ovulation in 32 women. Melatonin
was administered at the dose of 300 mg to 12 women for 4 months, particularly, to 8 women
daily (days 1-30) and to 4 women on days S-17 of the cycle. A combination of melatonin plus
the synthetic progestin norethisterone (NET) was given to 16 women, on days 1-21, at
melatonin/NET dosages of 300/0.75, 75/0.75, 7.5/0.75 and 75/0.30 mg. In addition, 2 women
received 300 mg melatonin alone and 2 were given 300 mg melatonin with 0.15 mg NET on
days 1-21 for 2 months. After 4 months, daily administration of 300 mg melatonin (days 1-30)
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caused significantly decreased mean LH levels compared to those in 8 non-treated controls
(P<0.001). In addition, compared to the control data, a significant inhibition of progesterone
in the 1* and 4" medication months (P<0.001) was observed. LH and oestradiol inhibition
reached significance in the 4™ month of treatment (P<0.005). Also, the treatments of 300 mg
(days 5-17) and 75 mg melatonin combined with 0.3 mg NET caused a significant decrease in
LH, oestradiol and progesterone levels compared to those in the control group in the 1 and 4"
months (P<0.05). The data further suggest an additive or synergistic effect between melatonin
and NET. The medications did not alter sleep-wake rhythms and were not complicated by any

A

Taking the above data into consideration, administration of exogenous melatonin is not
recommended in women and men planning pregnancy. This is also in line with the
corresponding recommendations of the SmPCs of other marketed melatonin medicinal product
formulations for oral use.

Pregnancy

The role of melatonin in embryofetal development has been recently reviewed by _
B Thc pineal gland develops completely postpartum thus, both the embryo and the
fetus are dependent on the maternal melatonin provided transplacentally. Melatonin appears to
be involved in the normal outcome of pregnancy beginning with the oocyte quality and
finishing with the parturition. Its pregnancy night-time concentrations increase after 24 weceks
of gestation, with significantly high levels after 32 weeks. MTs are widespread in the embryo
and fetus since the early stages. There is solid evidence that melatonin is neuroprotective and
has a positive effect on the outcome of compromised pregnancies. In addition,
chronodisruption leads to a reproductive dysfunction and appears to be a key contributor to
offspring diseases that develop in adult life. Melatonin decreases in conditions associated with
serious outcome for the fetus and seems to be involved in pre-eclampsia and intrauterine
growth restriction [|||||GGGGEEEEE 15dccd. it has been suggested that exogenous
melatonin increases glutathione peroxidase activity in the chorion and thereby may protect
indirectly against free radical injury and thus it could be useful in treating pre-eclampsia and

possibly other clinical states involving excessive free radical production, such as intrauterine
fetal growth retardation and foetal hypoxiaﬁ

Melatonin treatment during human normal or abnormal pregnancy has been studied for a large
range of conditions and at different times during the gestational period. Melatonin
administration started prior to IVF-cycles, continued during pregnancy and was associated with

improved pregnancy outcomes ||| | | I 1 2ddition, it appears that the fetuses® sleep
patterns develop in the late pregnancy, melatonin being the regulating factor. A normal sleep

pattem is mmvolved in the neurodevelopment and there is solid evidence that melatonin 1s
involved in fetal ne‘uroprotectionh Thus, the influence of melatonin on the
developing human fetus may not be limited to entertaining the circadian rhythmicity.

Alterations in maternal or placental melatonin might alter fetal melatonin levels and thus. gene
expression in the fetal nervous system

Melatonin crosses the placenta in humans. Therefore, it is likely, if taken by pregnant women,
that the fetus will be exposed to melatonin, and the possibility exists that it will modify
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sub-seiucnt development in terms of the circadian system and the timing of puberty -

Overall, since there are no or limited amount of data for the use of melatonin in pregnant
women and according to SmPCs of other marketed melatonin oral formulation products,
melatonin is not recommended during pregnancy or in women of childbearing potential not
using coniraception.

Lactation and breastfed infants

Melatonin is a normal component of breast milk, with concentrations higher during night- (with
a peak around 03:00) than daytime

Elective caesarean section results in higher
daytime colostrum levels than with vaginal delivery Some
authors suggest that mothers should nurse in the dark at night in order to avoid reductions
the melatonin content of breast milk, which could disturb infant sleep patterns
Differentiating milk pumped during the day from milk pumped during

darkness has also been suggested for women pumping milk for their infants ||| GG
d&)me studies have attributed longer sleep time in breastfed infant
to the presence of melatonin in breast milk [ N NN ~ other study found

higher colostrumn melatonin levels at night which appeared to increase the phagocytic activity
of colostral cells against bacteria & Exogenous administration of
melatonin has no specific use during breastfeeding; no data exist on the safety of maternal use
of melatonin during breastfeeding. However, doses higher than those expected in breastmilk
after maternal supplementation have been used safely in infants _ It is
unlikely that short-term use of usual doses of roelatonin in the evening by a nursing mother
would adversely affect her breastfed infant, although some authors recommend against its use

in breastfeed’mi due to the lack of data and a relatively long t% in preterm neonates

As mentioned, melatonin exhibits a circadian rhythm in body fluids. A study conducted by
determined whether melatonin is detectable in hwman milk and, if so,
whether it exhibits a daily rhythim. Blood and milk were sampled between 14:00 and 17:00 and
again between 02:00 and 04:00 from 10 mothers 3-4 days after delivery. Melatonin in both
fluids was beyond the limit of detection during the day, whereas during the night, its
concentration was 280+34 pmol/L in serum and 99+26 pmol/L. in milk. Six mothers collected
milk after each feeding throughout one 24-h period within 3 months after delivery. Melatonin
in the milk of all subjects exhibited a pronounced daily rhythm, with high levels during the
night and undetectable levels during the day. The presence of the rhythm in milk suggests that
melatonin fluctuations in milk might communicate the time of day to breastfed infants.

Available PD/toxicological data in anymals have shown excretion of melatonin metabolites in
milk (please refer to Module 2.4 Non Clinical Overview). A risk to the suckling child cannot
be, thus, excluded. As per the proposed SmPC, melatonin 1 mg/ml oral solution should not be
used during breastfeeding.
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2.5.5.2 DRUG INTERACTIONS AND OTHER FORMS OF INTERACTION

The potential PD and PK interactions between melatonin and other substances have been
investigated and presented in all approved Pl texts of melatonin-containing medicinal products
(tablets and oral solutions). The most important issues stated in the following subsections are
based on either drug interaction in clinical studies or literature data on potential interactions
due to the expected magnitude and seriousness of the interaction (i.e., those identified with
contraindicated drugs).

Interaction studies with melatonin have been performed in adults. Melatonin is metabolised
mainly by the hepatic CYPLA enzymes, primarily CYP1A2. Therefore, interactions between
melatonin and other active substances as a consequence of their effect on CYP| A enzymes are
possible. For instance, CYP1A2 inhibitors (such as quinolones) may increase systemic
melatonin levels, wherease CYP1A2 inducers (e.g., carbamazepine and rifampicin) may reduce
plasma concentrations of melatonin. Melatonin may enhance the sedative effect of
benzodiazepines (e.g., midazolam, temazepam) and non-benzodiazepine hypnotics (e.g.,
zaleplon, zolpidem, zopiclone). It may also affect the anticoagulation activity of warfarin.

2.5.5.2.1 Pharmacodynamic drug interactions

Alcoho!l: Alcohol should not be taken with melatonin because it reduces the effectiveness of

elatonin on slccp [N

Anticoagulants: An early Cochrane review on melatonin for the prevention and treatment of
Jet lag by *descdbed 6 cases of adverse drug reactions (reported
by the WHO Uppsala Monijtoring Centre database), all suspected to be due to interaction with
warfarin. Both drugs were administered concurrently for 5-8 days. In 3 cases, an increased
prothrombin time (PT) was demonstrated with bleeding events (eye haemorrhage, purpura and
nose bleeding), whereas the 3 other cases reported decreased PT. Some previous case reports
have shown that melatonin is associated with decreased PT with no evidence of clotting;
however, in these cases some bleeding complications were noted A
later case series study has evaluated the potential drug interaction between these drugs,
including 10 patients who had changes in the international normalised ratio (INR) and PT while
receiving concurrently warfarin and (one dose of) melatonin during their hospital stay (2-10
days). Melatonin dose was stable in all {0 patients while the dose of warfarin was either
increased or decreased in some patients. Both INR and PT increased in most patients during
concurrent treatment, with no bleeding events being noted. After calculation of the drug
interaction probability scale (DIPS) score for each patient, it was found that 6 patients

experienced possible drug interaction, 2 had probable drug interaction and 2 had doubtful drug

An explanation for this interaction is that melatonin is metabolised by CYP450 in the liver

_, including pnmarily CYP2C19 and CYPIA families (particularly
CYPIA2) and possibly CYP2C9 Melatonin appears to inhibit
CYPlA2 and induce CYP3A. Theoretically, when melatonin is

administered concomitantly with drugs metabolised by these isoenzymes, this might inhibit the
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metabolism of these drugs, resulting in increased serum levels. Warfarin is metabolised
primarily by CYP2C9 as well as by CYP2C19, CYP2C8, CYP2C18, CYPIA2, and CYP3A4,
to inactive metabolites. The (R)-enantiomer of warfarin is metabolised by CYPLA2, while the

(S$)-enantiomer by CYP2C9; however, the latter has been determined to possess the major
pharmacological activities of racemic warfarin ﬁ

Overall, since the concurrent use of melatonin and warfarin may result in INR and PT changes
and affect coagulation activity, caution is advised when using melatonin together with
anticoagulant agents, including warfarin, coumarin-analogues, as well as novel direct-acting
anticoagulants _, as melatonin may enhance the effect of these drugs resulting
in increased risk of bleeding. In addition, monitoring INR and PT regularly is recommended
when both medications are administered together.

Benzodiazepines: As both melatonin and benzodiazepines bind GABA receptors, there is a

potential for PD interaction with benzodiazepines _

Carbamazepine: In a double-blind, randomised, paraljel-group, placebo-controlled trial,
involving 31 (seizure-free for >6 months) epileptic children receiving carbamazepine as
monotherapy, (6-9 mg/day for 14 days) or placebo were co-administered (add-on treatment).
An increase in glutathione reductase activity was noted in the melatonin group and a decrease
of the same enzyme in the placebo group. Changes in glutathione peroxidase activity failed to
reach statistical significance. No significant changes were poted in serum levels of
carbamazepine and carbamazepine-10,1 [-epoxide in either group

Naloxone: Twelve healthy subjects (nen and women) were administered melatonin alone (0.4
mg/kg, Intramuscularly, at 09:00 h) and on a separate occasion after adminstered
simultaneously with naloxone (1.2 mg IV bolus, followed by an [V infusion of 1.6 mg/h for 3
h). In another occasion, the study was performed during saline or naloxone infusion alone. A
significant rise of GH was observed after melatonin alone, whereas the simultaneous infusion
of naloxone blocked melatonin-induced GH rvise. Melatonin did not affect LH serum levels,

while it was able to reduce LH increase induced by naloxone _

Nifedipine: Melatonin may reduce the hypotensive effect of nifedipine, so caution should be
exercised in this combination and dose adjustment of nifedipine may be needed ||| GNG

Other CNS drugs: Concomitant administration of melatonin and drugs affect the CNS may
result in PD drug interactions. For instance, relative to monotherapy with the CNS-active drug,
patients receiving prolonged-release melatonin and imipramine bad increased feelings of
tranquillity and difficulty in performing tasks and those receiving prolonged-release melatonin
plus thioridazine had increased feelings of ‘muzzy-headedness’ In
a study tn which Alzeuner’s patients with sleep disturbances were treated with melatonin 3 mg
capsules for 21 days, those who received 25 mg thioridazine daily interrupted thioridazine
treatment after 5 and 24 months of melatonin treatment initiation due to behavioural and sleep
disorders, respectively
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Zaleplon, zolpidem, zopiclone: Melatonin may enhance the sedative properties of
benzodiazepine and non-benzodiazepine hypnotics, such as zaleplon, zolpidem and zopiclone.
In a clinical study, there was clear evidence of a transient PD interaction between melatonin
prolonged-release tablet and zolpidem | h after concomitant dosing. Concomitant
administration led to an increased reduction in attention, memory and coordination compared
to zolpidem alone

Furthermore, adrenergic agonists/antagonists, opiate agonists/antagonists, antidepressants,
prostaglandin inhibitors, tryptophan and alcohol affect the endogenous secretion of melatonin
in the epiphysis. Whether these interactions are of clinical significance is unknown ||| Gz

2.55.2.2 Pharmacokinetic drug interactions

Possible interactions of melatonin with concurrently administered drugs were investigated in
in vitro studies utilising human hepatic post-mitochondrial preparations; similar studies were
conducted with rat preparations to ascertain whether rat 1s a suitable surrogate for human.
Drugs were selected based not only on the knowledge that the 6-hydroxylation of exogenous
melatonin, its principal pathway of metabolism, 1s mainly mediated by hepatic CYPLA2, but
also on the likelihood of the drug being concurrently administered with melatonin. Hepatic
preparations were incubated with either melatonin or 6-hydroxymelatonin in the presence and
absence of a range of concentrations of interacting drug, and the production of 6-
sulphatoxymelatonin monitored using a radionmmunoassay procedure. Of the drugs screened,
only the potent CYPIA2 ihibitor 5-methoxypsoralen (MOP) impaired the 6-melatonin
hydroxylation at pharmacologically relevant concentrations and is likely to lead to clinical
interactions; diazepam, tamoxifen and acetaminophen (paracetamol) did not impair the
metabolic conversion of melatonin to 6-sulphatoxymelatonin at concentrations attained
following therapecutic administration. 17-Ethinhyloestradiol appeared not to suppress the 6-
hydroxylation of melatonin but inhibited the sulphation of 6-hydroxymelatonin, but this is
unlikely to result in an interaction following therapeutic intake of the steroid. Species
differences in inhibition of melatonin metabolism in human and rat hepatic post-mitochondrial

preparations were evident implying that the rat may not be an appropriate human surrogate in
fuch st I

Caffeine: Concomitant consurnption of caffeine whose metabohsm is principally catalysed by
CYP1A2, more than doubled plasma levels and increased the bioavailability of melatonin, by
impairing its presystemic metabolism

Carbamazepine: CYPLA2 inducers, such as carbamazepine, may reduce melatonin plasma
concentration

Cigarette sioking: Exogenous serum melatonin levels were suppressed by smoking, especially
when the levels of the hormone were high. Polycyclic aromatic hydrocarbons, a class of
carcinogenic compounds present in tobacco, up-regulate CYPJIA2 expression leading to

sccelerated melatonin metabolis

CYP substrates: Increased CYPLA2 activity will lead to lower plasma levels and vice versa.
For example, plasma melatonin levels were increased following fluvoxamine (a potent
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inhibitor of CYPIA2 and to a lesser extent of CYP2C19) administration, presumably by
impairing its CYP-mediated metabolism. Moreover, drugs that are CYP2C19 substrates, such
as fluvoxamine, quinolones, cimetidine, 5- and 8-MOP, omeprazole, lansoprazole and
citalopram, increased the urinary excretion of 6-sulphatoxymelatonin in individuals receiving

exogenous melatonin, presumably these compounds decrease the CYP219-mediated
metabolism of melatonin to acetylserotonin —

Co-adminisiration of melatonin with CYP1 A2 inducers, such as

carbamazepine, rifampicin and phenytoin, may result in reduced melatonin exposure through
an increase in melatonin metabolism

Methoxypsoralen (MOP): Results from a clinical study have demonstrated that 8-MOP (or 5-
MOP) intake is followed by correlated changes in melatonin levels and an independent

decrease in serum 6-sulphatoxymelatonin levels, suggesting a competitive inhibition of hepatic
relatonio metabolise: [N

Antidepressants: Fluvoxamine is known to inhibit CYP1A2 potently, and to some extent also
CYP2C19, whereas citalopram ts without such an effect. Also, CYP enzywmes are involved n
the hepatlc metabollsm of melatonin. Fluvoxamine has been shown to increase serum levels of

in (17-fold higher AUC and 12-fold higher Coex) [ |GGG
Hence, this combination should be avoided.
Qestrogens: Melatonin downregulates the circulating levels of gonadal oestrogens and acts as
an antioestrogen with mechanisms of action different to those of the commercially available

antioestrogens and inhibits aromatase expression in hurnan breast cancer cells. The metabolism
by CYPIAl isoenzymes is inhibited and CYPIA2 increases melatonin levels

B C:ution should be exercised in patients on oestrogens, c.g., oral
contraceptives (OCs) or hormone replacement therapy, which increase melatonin levels by
inhibiting its metabolism by CYP1A] and CYP1A2 b The effect
of OCs on melatonin metabolism was studied in 29 subjects genotyped for CYP1A2 SNP g.-
163C>A polymorphism. Plasma melatonin and 6-hydroxymelatonin concentrations were
measured after a 6-mg melatonin dose. The mean melatonin AUC and Cnax values were 4- to
5-fold higher in OC users than in non-OC users (P<0.0001), whereas the weight-adjusted
clearance was significantly Jower in OC users (P<0.0001). No significant difference in
melatonin PKs between the genotypes and no additional effect by the genotype on the OC-
induced increase in melatonin exposure were evident. Melatonin exposure had no significant
effect on the state of alertness of the subjects. Overall, a signmificant inhibitory effect of OCs on
CYPIlA2-catalysed melatorun metabolism was seen; thereby, OC use can alter CYP1A2-
phenotyping results

2.5.5.3 UNDESIRABLE EFFECTS

As presented and discussed in the Section ‘2.5.5.1 Toxicity’ of the current 2.5 Clinical
Overview, drowsiness/sleepiness, headache and dizziness/disorientation are the most
frequently reported AEs of melatonin dosing on a short-term basis to treat jet lag. Drowsiness,
headache, dizziness and nausea are also the adverse reactions reported most frequently when
typical clinical doses of melatonin have been received for periods of several days to several
weeks by healthy persons and patients.
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spontaneéous case reports (e.

Within the following Table, adverse reactions to oral administration of melatonin (in the form
of film-coated tablets and oral solutions) generall

reported in clinical tnals

are listed, as reported in alread

These AEs are ranked under the MedDRA frequency classification: Common (>1/100 to
<1/10); Uncommon (=1/1,000 to <1/100), Rare (>1/10,000 to <I1/1,000); Not known
(frequency cannot be estimated from the available data) (MedDRA Introductory Guide, 2022).

Table 23. Tabulated list of AEs recorded i clinical trials, spontaneous case reports as well as
postmarketing data after oral melatonin administratien. Within each frequency group,
undesirable effects are presented in the order of decreasing seriousness.

Svstem Organ Class Frequency Effect
Infections and infestations Rare Herpes zoster
Blgod and lymphatic system disorders | Rare Lcukopenia; thrombocytopenia.
Immune system disorders Not known Hypersensitivily reaction
Metabolism and nutrition disorders Rare Hypenriglyceridaenia
Not known Hyperglycacmia
Psychiagric disorders Uncemmon Yrritability; nervousness; restlessness; abnormal dreams; anxiety.

Rare Mood altered: aggressive behaviour disonientafion; tibido

increased; depressed mood: depression,
Nervous system disorders Cominon Headache; somnolence.

Uncommon Migraine; lethargy; psychomotor hyperactivity: dizziness.

Rare Syncope (fainling); memory impairment; restiess legs syndrome;
disturbance in atiention; poor quality sleep; paraerthesia.

Not known Drowsiness; sedation.

Eye disorders Rare Visual acuify reduced: vision blusred: lacrimation increased.
Ear and labyrimih disorders Rare Vertigo positional; vertigo.
Cardiac disorders Rare Anpina pectoris; palpitations.
Vascular disorders Uncommon Hypertension
Rare Hofi flushes
Gastrointestinal disorders Uncommon Abdominal pain: upper abdominal pain; dyspepsia; oral vlcers:
dry mouth: nausea.

Rare Gastro-oesophageal reflux disease; Gl disorder; oral mucaosal
blistering; tongue ulcération; Gl upset; vomiting; bowel sounds
abnormal; flawlence; salivary hypersecretion; halitosis; gasinitis.

Skin and subcutancous rissue disorders | Uncommon | Dermatinis; might sweats: pruritus; rash; dry skin.

Rare Eczema; erythema: hand dermatitis; psoriasis; rash generalised:
rash prutitic: nail diserder.

No1 known Tongue ocdemy; ocdema of the oral mucosa.

Museuloskeletal and connective tissue Uncomumon Pain in extremity
disordcrs Rare Arthritis; muscle spasms; neck pain; night cramps.
Renal und urinary disorders Uncommon | Glycosuria; proleinusis.
Rare Polyuria; haematurnia.
Reproduclive system and breast Uncommon Menopausal symploms
disorders Rare Priapism; prestalitis.
Not known Galactorrhoea
General disorders and administration Uncommon__ | Chest pain; malaise.
site conditions Rare Fatigue; pain; thirst.
Laboratory and other cxaminations Uncommon Liver function test abnormal; weight increased.
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System Organ Class Frequency Effect

Rare Hepalic enzyme increased; blood electrolytes abnormal.

Melatonin has a moderate influence on the ability to drive and use machines. However, as it
may cause drowsiness and decrease alertness for several hours as well as due to the increased
subjective sleepiness after administration , 1ts use is not recommended
prior to driving and using machines.

Paediatric population

In the paediatric population, a low frequency of generally mild AEs has been reported. The
number of AEs did not differ significantly between children who received placebo and children
who received melatonin. The most common AEs were headache, hyperactivity, dizziness and
abdominal pain. No serious AEs have been observed.

2.5.5.4 OVERDOSE
Symptoms

The most commonly reported signs and symptoms of overdose with oral melatonin are
drowsiness, headache, dizziness and nausea. Ingestion of daily doses of up to 300 mg of
melatonin did not cause clinically significant adverse reactions ﬁ

. Flushes, abdominal cramps, diarrhoea, headache and scotoma lucidum have been
reported after ingestion of extremely high melatonin doses (3-6 g) for several weeks.

Management

In case of an overdose, general supportive measures should be employed. Gastric lavage and
administration of activated charcoal can be considered. The management measures (gastric
lavage, activated charcoal, supportive measures based on symptoms) are generally
acknowledged and have to be applied based on each case characteristics. Obviously, the larger
the ingestion, the more aggressive measures may have to be takeo at an emergency department
*. Clearance of melatonin is expected within 12 h of ingestion
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2.5.6 BENEFITS AND RISKS CONCLUSIONS
2.5.6.1 THERAPEUTIC CONTEXT

2.5.6.1.1 Disease or condition

Jet lag

Each year millions of travelers undertake long distance flights over one or more continents.
These multiple ime zone flights produce a constellation of symptoms known as jet lag. The
most important jet lag symptoms are due to disruptions to the body’s sleep/wake cycle. Jet lag
is therefore a syndrome associated with long-haul flights across several time zones,
characterised by sleep disturbances, daytime fatigue, reduced performance, GI problems, loss
of mental efficiency, weakness, irritability and generalised malaise. As with most syndromes,
not all of the compouvents must be present 1 any one case. Jet lag affects most air travelers
crossing >5 times zones; the incidence and severity of jet lag increase with the number of time
zones crossed. Westward travel causes less disruption than eastward travel as it is easier to
Jengthen, rather than to shorten, the natural circadian cycle. The sleep loss caused by the travel
itself often contributes to jet lag. Clinical and pathophysiological studies also indicate that jet
lag can exacerbate existing affective disorders. It has been suggested that dysregulation of

melatonin secretion and occurrence of circadian rhythm disturbances may be the common links
which underle jet Iag and affective disorcers [ ERGGGG

ADHD

ADHD is commonly associated with disordered or disturbed sleep. Evidence from published
studies comparing sleep in individuals with ADHD with typically developing controls js most
concordant for associations of ADHD with hypopnoea/apnoea and peripheral limb movements
in sleep or nocturnal motricity in polysomnographic studies, increased sleep onset latency and
shorter sleep time in actigraphic studies, bedtime resistance, difficulty with moming
awakenings, sleep onset difficultics, sleep-disordered breathing, night awakenings and daytime
sleepiness in subjective studies. Psychostimulant medications, such as methylphenidate, which
are widely regarded as first-line therapy for ADHD, are associated with disrupted or disturbed
sleep to as high as 80% of children with ADHD manifesting these difficulties

SWD

SWD is characterised by excessive sleepiness and/or sleep disruption for >1 month in relation
with the atypical work schedule. Individual tolerance to shift work remains a complex problem
that is affected by the number of consecutive work hours and shifts, the rest periods and the
predictability of work schedules. Sleepiness usually occurs during night shifts and is maximal
at the end of the night _ Night-shift work is associated with suppression of
melatonin production, especially among fixed night-shift workers ﬂ Several
studies have indicated that both melatonin production and sleep patterns are altered in shift
workers. An alteration of the melatonin profile was seen in some shift workers, while in others,
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it was found to be indistinguishable from those seen in day-shift workers_

2.5.6.1.2 Current therapies

Jet lag

A number of pharmacological interventions have been tried to minimise the effects of jet lag.
Current therapies for short-term treatment of jet lag in adults include light therapy, melatonin,
MT receptor analogues (ramelteon, agomelatine, tasimelteon), non-benzodiazepine hypnotics,
caffeine, diphenhydramine and CNS stimulants. The patient’s flight schedule, physical
condition and individual response to treatment all play important role. Administering
exogenous melatonin in the conventional afternoon to evening hours of a 24-h day promotes a
phase shift in circadian rhytlun and thus

Insomnia in ADHD

Treatment of insomnia should always start with sleep hygiene education and optimising the
stimulant or non-stimulant treatment of ADHD. Careful titration of stimulants and
psychoeducation around sleep optimisation can improve the quality of sleep, possibly due to
unproved daytime structure, the maintenance of regular physical activity and improved mood
Also, published guidelines of medical organisations,
associations and institutions have stated the probable usefulness of melatonin for the treatment
of sleep disturbances in ADHD. The Updated European Consensus Statement on the diagnosis
and treatment of adult ADHD (2019) mentions that in children with ADHD and chronic
insoninia. melatonin has been shown to advance the sleep onset and increase sleep duration
The Canadian Pediatric Society (2012) mentions that melatonin treatment
for certain sleep problems in children and adolescents can be useful in specia) populations.
Moreover, in EU/UK, the use of melatonin to treat sleep disorders in children and adolescents
with ADHD is already approved in registered liquid melatonin products.

SWD

Published guidelines of medical organisations, associations and institutions have stated the
potential usefulness of melatonin for the management of SWD in adults. The American
Academy of Sleep published in 2007 a guideline for the Practice Parameters for the Clinical
Evaluation and Treatment of Circadian Rbythm Sleep Disorders stating tbat melatonin use
prior to daytime sleep is indicated to promote daytime sleep among night shift workers

In addition, the British Association for Psychopharmacology
published an updated consensus statement on evidence-based treatment of insomnia,
parasoronias and circadsan thythm disorders stating that adequate
evidence exists on the efficacy of melatonin 1n uregular sleep wake rhythm or in SWD,
including though some reports on the use in shift workers with varying results. The usefulness
of melatonin in shift-work sleep disorder is also confirmed by the inclusion of this specific
indication in other EU marketed melatonin oral formulations.
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2.5.6.2 BENEFITS

Melatonin is remarkably effective in preventing or reducing jet lag and SWD in adults and in
treating insomnia in children with ADHD and has been the subject of many studies. The overall
presented results of the most representative available trials as tabulated and discussed within
Section ‘2.5.4 Overview of Efficacy’ of the current Clinical Overview successfully justify the
claimed indications and posology regimens referring to the proposed melatonin oral solution
formulation for the intended population groups.

2.5.6.3 RISKS

Melatonin 15 well-tolerated with a good safety profile, with most AEs being of mild severity.
Adverse reactions due to melatonin use are minimal at the Jow doses received for the short
duration proposed. They may include sommnolence, headaches, nausea, diarrhoea, abnormal
dreams, irmmitability, nervousness, restlessness, insomnia, anxiety, migraine, lethargy,
psychomotor hyperactivity, dizziness, hypertension, abdominal pain, heartburn, mouth ulcers,
dry mouth. hyperbilirubinaemia, dermatits, night sweats, pruritus, rash, dry skin, pain in the
extremuties, symptoms of menopause, chest pain, glycosuria, proteinuria, abnormal liver
function tests, increased weight, tiredness, mood swings, aggression and feeling hungover. Its

use is not recommended during pregnancy or breastfeeding and in the paediatric population of
0-6 years ol

2.5.6.4 BENEFIT-RISK ASSESSMENT

The current Clinical Overview refers to a medicinal product containing melatonin as an active
substance in the form of oral solution, intended for oral administration, at the strength of |
mg/mnl. The relevant Marketing Authorisation Application that ts subject of this Expert Report
is submitted under Article 10.a of Directive 2001/83/EC, as amended (WEU application).
According to Article 10.a of Directive 2001/83/EC as amended, ‘the Applicant shall not be
required to provide the results of pre-clinical tests or clinical trials if he can demonstrate that
the active substance(s) of the medicinal product have been in well-established medicinal use
within the Community for at least ten years, with recognised efficacy and an acceptable level
of safety’. In that event, the test and trial results are replaced by appropriate scientific literature.

Melatonio is a member of the class of acetamides and a member of tryptamines. In vertebrates,
besides betng produced in peripheral tissues and acting as an autocnne and paracrine signal,
melatonin is centrally synthetised by a neuroendocrine organ, the pineal gland. Independently
of the considered species, pineal hormone metatonin is always produced during the night and
its production and secretory episode duration are directly dependent on the length of the night.
As its production is tightty linked to the light/dark cycle, melatonin main hormonal systemic
integrative action 1S to coordinate behavioural and physiological adaptations to the
environmental geophysical day and season. The circadian signal is dependent on its daily
production regularity, on the contrast between day and night concentrations and on specially
developed ways of action. During its daily secretory episode, melatonin coordinates the night
adaptive physiology through immediate effects and primes the day adaptive responses through
prospective effects that will only appear at daytime, when melatonin is absent. Similarly, the
annual history of the daily melatontn secretory episode duration primes the CNS/endocrine
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system to the following seasons. Remarkably, maternal melatonin programs the fetuses’
behaviour and physiology to cope with the environmental light/dark cycle and season after
birth. These unique ways of action turn melatonin into a biological time-domain—acting
molecule.

Melatonin is involved in numerous biological functions including synchronising circadian
rhythms, such as sleep-wake timing and blood pressure regulation, the stress response, aging,
immunity and the control of seasonal rhythmicity including reproduction, fattening, moulting
and hibernation. Many of its effects are through activation of the MT receptors, while others
are due to its role as an antioxidant. The therapeutic role of melatonin is clinically significant
and well-established within the EU/UK. Also, large clinical trials proving the efficacy of
melatonin-containing products are present in published literature. Its pharmacology, toxicology
and PKs have been fully characterised through systemic routes of administration since decades.

The requirements of the legal basis selected for submission include, within robust literature
data, string evidence of the well-established use of the active substance within the Community
for the intended indications in the intended target age population groups for more than 10 years.
There 1s a variety of indications, regarding sleep disorders and circardian rhythms, currently
approved for the oral solid and liquid melatonin formulations (IR, controlled-released, SR) in
EU. A number of RCTs has been conducted aiming to investigate the efficacy and safety of
melatonin treatment for the proposed indications in adults, adolescents and paediatric patients
aged >6 years. These clinical studies involve heterogenous population groups (targeted to the
therapeutic indications) as well as different oral melatonin doses/formulations, compared to
other medication or placebo. In this respect, al] relevant published data have been critically
reviewed within the scope of the present Clinical Overview, The pharmacology, PDs and PKs,
as well as efficacy and safety of melatonin have been fully reviewed and the role of melatonin
as an oral therapeutic agent can be considered well-established within the EU/UK, being in
clinical practice far more than 10 years.

Furthermore, in order to provide evidence that the proposed formulation is comparable to the
already marketed products, aiming to claim similar efficacy and safety, a comparability
exercise 1n terms of composition, quality, safety of excipients and their potential effects on
absorption and bioavailability of oral mclatonin have been thoroughly addressed. The oral
solution medicinal product formulation under approval contains common inert excipients,
widely used in pharmaceutical preparations and also contaned in other EU/UK approved
melatonin oral solutions, without any proven effect on drug local action, systemic
bioavailability and safety also in the paediatcic population. Furthermore, proprietary bridging
documentation ensures that the new formulation is comparable in terms of efficacy and safety
to the already existing oral melatonin products (solid and liquid dosage forms) in the EU/UK
clinical practice as well as-by extrapolation- to those administered in the pivotal clinical trials
of the literature and. Last but not least, the acceptable safety of excipients present m the
formulation for the targeted paediatric population has been also evaluated and confirmed.

Concluding the above, the bibliographical data and the justifications presented in this Clinical
Overview are considered to provide sufficient information for the successful submission of
Melatonin | mg/ml oral solution under the Legal basis of Well-Established Use (Article 10.a
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of Directive 2001/83/EC, as amended), for the claimed indications and the target age
population groups. Therefore, no differentiation in the in vivo efficacy and safety profile is
expected for the product under submission, compared to the already EU/UK authorised liquid
and solid melatonin formulations or the products administered in the clinical studies presented
in this Clinical Overview. The proposed strength is also approvable from a clinical point of
view, in accordance with the proposed dosage regimens for the claimed indications and target

populations.
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