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"75"?% Comparison of Radio-Metabolite Profiles of VEC-162
Value IS (Tasimelteon) in Humans, Rats, and Monkeys

VEC-162

T T T T T T T T T T
0.00 10.00 20.00

T T T T T T T T T
o.oo 10.00 20.00 30.00 4a0.00 50.00 60.00 70.00 80.00 920.00 Min

200 Monkey
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APPENDIX A:
DECISION TREE FLOW DIAGRAM

Safety Testing of Drug

Metab o lites ‘ Disproportionate Dmg Metabolite ‘
- /—
Guidance for Industry

<10% of total drug-
related exposure
(area under the curve)

=10% of total drug-
related exposure
(area under the curve)

l

Formed in any
animal test species?

MNo further testing needed
to evaluate metabolite

Yes
of Health and » Servi No How much?
rug Adminis n
valuation and s
November 2016
Pharmacology/Texicology - -
Exposure in animal Exposurs in animal
Revision 1 . : .
studies does not approach studies does approach
human exposure human exposure
v l l

https://www.fda.gov/downloads/Drugs/.../Guidances/ Nonclinical testing with e T
ucm079266.pdf (first in 2008 and revised in 2016) the drug metabolite to qualify metabolite
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 MIST (metabolite in safety testing): the process of determining if the safety of
observed circulating human drug metabolites has been adequately established by
preclinical GLP animal safety assessment studies

» Disproportionate metabolites: humans may make large amounts of a metabolite
of a drug that the animal test species don’t make as much of or not at all

» Nonclinical studies in animals may be conducted at multiples of the human
exposure, the disproprtionate metabolites(s) may still be acceptably evaluated in
the animals, and no further studies,
but if not

* You do not do, you do not know. USA FDA guidance suggests to do it as early as
possible
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,U:EW !9% A Case study Tasimelteon (Hetlioz, VEC-162)

raggeHiuman plasm o M13: a surprise

250 radio-metabolite profile

200 Mis

VEC-162

150 ]
100 -

50 3

[) [ [Ty

I T I
T e e e e e B e e ey B e s e —
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 Min

Unchanged VEC-162 and Its Metabolites in Human Plasma, Urine, and Feces
Excreta (Mean %Dose)

Metabolite Plasma Urine Feces
Peak/Range (%AUC) (©0-72hn) (0-120 hr) Total
VEC-162 8.22 ND 0.04 0.04
4 (M1) 3.24 3.69 ND 3.69
6 (M3) 7.80 12.53 ND 12.53
11 (M8) 3.46 4.87 ND 4.87
13 (M9) 19.79 29.69 0.85 30.54
17 (M11) 3.56 ND ND ND
18 (M12) 3.94 ND ND ND
19 (M13) 14.55 ND ND ND
20 (M14) 7.13 ND ND ND

ND = not detected

Approved by USA FDA and EU in 2014 and 2015 for the treatment YT RS EZS R AR 4

of non-24-hour sleep-wake rhythm disorder in totally blind adults
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vatue s Metabolic Pathways of Tasimelteon in Humans

CYP1A2 (majo_r) M13 (10.6196)
M9 (0.91%) CYP2C19 (major) :
CYP1A2 (major) A
CYP1AZ2 (ma]or)
CYP2C19 (major
¢ jor CYP2D6, CYP2C19 (minor)

CYP2D6 (minor)

-
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VEC-162 (55.7%)

CYP3A4, CYP1A2 CYP3A4
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In Vitro Drug Inferaction Studies — Cytochrome P450 Enzvine-
and Transporter-Mediated Drug Interactions
Guidance for Industrv?!

This puadance represents the current thmkmg of the Food and Drug Admmustration (FDA or Agency) on
this topac. It does not estabhsh any nights for any person and 1 not bndmg on FDA or the public. You
can use an alternative app hifn 1isfies the req of the apphcable statutes and regulations.
To discuss an alternative approach, contact the FDA office ible for ths guad. as bsted on the
title page.

I INTRODUCTION

Thss final pwdance s mtended to help drug developers plan and evaliate studies to determme
the drug-drug mteraction (DDI) potential of an mvestigational drug product.? The fmal gwdance
focuses on m vitro approaches to evaliate the mteraction potential between mvestigational drugs
with cytochrome P450 enzymes (CYPs) and transporters as well as how m viiro results can
mform future clmcal DDI studies. The appendices of this guudance mehide considerations when
choosmg m vitro expermnental systems, key mssues regardmg m vitro expermnental conditions,
and more detaded explhinations regardmg model-based DDI prediction strategmes. See section
VIII for a bst of terms used m this gidance and ther defimtions. Note that at this tmme, the m
vitro methods to evaluate the mduction of P-gp and other transporters are not well established:
therefore, recommendations for the m vitro evalation of mvestigational drugs as transporter
mducers are not provided.

If an m vitro assessment suggests that the sponsor should conduct a clinical DDI study, the
sponsor should refer to the January 2020 fmal FDA guidance for mdustry entitled Clinical Drug
Interacrion Studies —Cyrochrome P450 Enzyme- and Transporter-Mediated Drug mteractions.?
Together, these two fmal gudances describe a systematic, risk-based approach to assessmg the
DDI potential of mvestigational drugs and makmg recommendations to nutigate DDIs.

In general FDA'’s guidance documents do not estabbsh legally enforceable responsibilities.
Instead, pmdances describe the Agency’s current thinkmg on a topic and should be viewed only
as reconunendations, unless specific regulatory or statutory requmements are cited. The use of
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II. BACKGROUND

Evalhiatmg the DDI potential of an mvestigational new drug mvolves: (1) dentifying the
prmcipal routes of the drug's ehmmation; (2) estimatmg the contribution of enzymes and
transporters to the drug’s disposition; and (3) characterizing the effect of the dirug on enzymes
and transporters. This evaliation often starts with m vitro expermments to identify potential
factors mfluencmg drug disposttion to elucidate potential DDI mechamsms and to yield kmetic
parameters for use m further studies. Results of m vitro experments. along with chmcal
pharmacokmetic (PK) data, provide mechamstic mformation that can mform the need for and
proper design of potential futuwre chmcal studies.
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R R 22 (HUE Coppola P, et alls)

Parent drug
(Urine 15%, Faeces 0%)

/@\

(9% (1%) (20%)
M7 M4 M5
(10%) (10%) (5%)
M6 (30%)

Formation of M2 is the main elimination pathway (1+10+5+30 = 46%)
Formation of M1 and M3 each contribute to less than 25%
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AR H B XHE R IEA T 2 T E I B2 (5 e Coppola P, et alté)
rl?;ﬁ:tﬂ?’;;?- aeces 50%)
/

=

M1 M3
(4%) (@%) (12%)
M'7/ M4 M5
(10%) (15%) (5%)

Different scenarios depending on fraction absorbed (Fa)

A IfFa=100%
Biliary excretion of parent is the main elimination pathway
Formation of M2 is a minor pathway (accounts for 24% of CL)
> DDI risk with transporters (e.g. P-gp, BCRP) as victim drug
should be assessed

B If Fa = 50% (parent compound in faeces unabsorbed)
Formation of M2 is the main elimination pathway (accounts for 48% of CL)
> DDI risk with inhibitors of relevant metabolising enzymes and
transporters (e.g. OATP1B1/3) should be assessed
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COARAST P~ 47 P Hb J2 25 /), B8 7= 4789 AUC ( Area Under Curve) =7 7254 AUC
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if: (1) the metabolite is less polar than the parent drug and the AUC petabotite = 25% 0f AUC pagent:
or (2) the metabolite 1s more polar than the parent dug and the AUC petabolite = AUC pagent- A
lower cut-off value for the metabolite-to-parent AUC ratio may also be considered for
metabolites with structural alerts for potential mechanism-based mhibition (Orr, Ripp. etal
2012: Yu and Tweedie 2013: Yu. Balani et al 2015).
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USA FDA MIST Guidance

ITI. GENERAL CONCEPTS IN METABOLITE SATETY TESTING

We encourage the idenfification of any differences in diug metabolism between animals used in
nonclinical safety assessments and hhmmans|as early as possible|during the drug development
prc-:-ass.” The discovery of disproportionate drmg metabolites late in drug development can
potentially cause development and marketing delavs.

Generally. metabolites identified only in human plasma or metabolites present at
disproportionately higher levels in humans than in any of the animal test species should be
considered for safety assessment. Human metabolites that can raise a safety concern are those
formed at greater than 10 percent of total dmug-related exposure at steady state.'” The choice of a
level of greater than 10 percent for characterization of drug metabolites reflects consistency with

FDA and Environmental Protection Agency guidances.'!-1-
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%% ICH Guidance M3(R2)

INTERNATIONAL  CONFERENCE ON HARMONISATION OF TECHNICAL
REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED TRIPARTITE GUIDELINE

GUIDANCE ON NONCLINICAL SAFETY STUDIES FOR THE
CONDUCT OF
HuMAN CLINICAL TRIALS AND MARKETING AUTHORIZATION
FOR PHARMACEUTICALS

M3(R2)

http://www.ich.org/fileadmin/Public_Web_Site/
ICH_Products/Guidelines/Multidisciplinary/M3_R2/
Step4/M3_R2__ Guideline.pdf

Current Step 4 version
dated 11 June 2009

L5 S EZ5 B A PR 4 7]



http://www.ich.org/fileadmin/Public_Web_Site/

fo ICH Guidance M3(R2)

3. TOXICOKINETIC AND PHARMACOKINETIC STUDIES

In vitro metabolic and plasma protein binding data for animals and humans and
systemic exposure data (ICH S3A, Ref. 7) in the species used for repeated-dose toxicity
studies generally should be evaluated before initiating human clinical trials. Further
information on pharmacokinetics (PK) (e.g., absorption, distribution, metabolism and
excretion), in test species and in vitro biochemical information relevant to potential drug
interactions should be available|before exposing large numbers of human subjects or|
| treating for long duration (generally before Phase III). | These data can be used to
compare human and animal metabolites and for determining if any additional testing is
warranted.

Nonclinical characterization of a human metabolite(s) is only warranted when that
metabolite(s) is observed at exposures greater than 10% of total drug-related exposure
and at significantly greater levels in humans than the maximum exposure seen in the
toxicity studies. Such studies should be conducted to support Phase III clinical trials. For
drugs for which the daily administered dose is <10 mg, greater fractions of the drug
related material might be more appropriate triggers for testing. Some metabolites are
not of toxicological concern (e.g., most glutathione conjugates) and do not warrant
testing. The nonclinical characterization of metabolites with an identified cause for
concern (e.g., a unique human metabolite) should be considered on a case-by-case basis.
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ﬁ% ICH Guidance M3(R2)

Excludes:

€ Drugs for life threatening or serious diseases without
current effective therapy could be evaluated on a case-by-
case basis, e.g.:

» advanced cancer
> resistant HIV infection

» congenital enzyme deficiency diseases

€ Some phase Il conjugation metabolites
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