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1. Background information on the procedure

1.1. Submission of the dossier

The applicant Vifor Fresenius Medical Care Renal Pharma France submitted on 9 October 2020 an
application for marketing authorisation to the European Medicines Agency (EMA) for Tavneos, through
the centralised procedure falling within the Article 3(1) of Regulation (EC) No 726/2004. The eligibility
to the centralised procedure was agreed upon by the EMA/CHMP on 12 December 2019.

Tavneos, was designated as an orphan medicinal product on 19 November 2014 in the following
conditions: “Treatment of granulomatosis with polyangiitis” (EU/3/14/1373) and “Treatment of
microscopic polyangiitis” (EU/3/14/1372).

The applicant applied for the following indication: “Tavneos is indicated for the treatment of adult
patients with granulomatosis with polyangiitis (Wegener’s) (GPA) and microscopic polyangiitis (MPA).”

The legal basis for this application refers to:
Article 8.3 of Directive 2001/83/EC - complete and independent application

The application submitted is composed of administrative information, complete quality data, non-
clinical and clinical data based on applicants’ own tests and studies and/or bibliographic literature
substituting/supporting certain tests or studies.

Information on Paediatric requirements

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the application included an EMA Decision(s)
P/0103/2020 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the application, the PIP P/0103/2020 was not yet completed as some
measures were deferred.

Information relating to orphan market exclusivity

Similarity

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicant did not submit a critical report addressing the possible similarity with
authorised orphan medicinal because there is no authorised orphan medicinal product for a condition
related to the proposed indication.

New active Substance status

The applicant requested the active substance avacopan contained in the above medicinal product to be
considered as a new active substance, as the applicant claims that it is not a constituent of a medicinal
product previously authorised within the European Union.
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PRIME assistance

ChemoCentryx obtained priority medicines (PRIME) designation for avacopan (CCX168) in treatment of
patients with GPA or MPA on 26 May 2016.

A Conditional Marketing Authorisation (CMA) was submitted to EMA by the applicant ChemoCentryx
based on the Phase 2 data (studies CL002_168 and CL003_168). Given the near-term availability of the
pivotal Phase 3 data, ChemoCentryx decided to withdraw the CMA on 22 January 2019 and refocused
efforts on completion of the Phase 3 ANCA associated vasculitis study.

The Phase 3 trial CL0O10_168 has been completed (last patient last visit: November 2019) and the
resulting data provides the basis to establish benefit/risk in support of the current MAA.

ChemoCentryx and Vifor Fresenius Medical Care Renal Pharma France (VFMCRP) have established
contractual agreements enabling VFMCRP to be the applicant for the MAA of avacopan in EU Member
States and certain other countries. Vifor Fresenius Medical Care Renal Pharma France (VFMCRP) is now
the applicant for avacopan hard capsules. Avacopan is currently not in a PRIME scheme.

Protocol assistance

The applicant received the following Protocol assistance on the development relevant for the indication
subject to the present application:

Date Reference SAWP co-ordinators

21 July 2016 EMEA/H/SA/3340/1/2016/PA/SME/III Kerstin Wickstrém, Brigitte Bldchl

D
EMEA/H/SA/3340/2/2016/PA/SME/III aum

26 January 2017 EMEA/H/SA/3340/1/FU/1/2016/PA/SME/ | Kerstin Wickstrém, Kolbeinn
PR/III Gudmundsson.

EMEA/H/SA/3340/2/FU/1/2016/PA/SME/
PR/III

The Protocol assistance pertained to the following quality, non-clinical, and clinical aspects:

. Selection of starting materials. Setting specifications and controls with regards to GMP-starting
materials, GMP-intermediates, drug substance and drug product. Plans for completing the
evaluation of the syntheses of the GMP-Starting Materials for the presence of potential genotoxic
impurities. Sponsor’s plans for commercialisation and locations of production.

. Species selection and design for the lifespan carcinogenicity assessment, and acceptability to
complete the studies post-approval. Sufficiency of completed preclinical safety studies to support
initiation of a Phase 3 clinical trial. Acceptability that GLP Segment 1 and 2 (FEED and EFD)
reproductive toxicology studies may be completed during Phase 3 clinical development. Proposal
to characterise the cardiovascular safety profile.

. Whether the design of clinical trial CL002_168 (including patient population and exposure,
endpoints, analysis plan, safety database, background therapy, etc.) together with proposed
commitments for further quality, nonclinical and clinical development could be sufficient to
support an application for conditional marketing authorisation (CMA).

e Design of the proposed Phase 3 clinical trial CL010_168, specifically inclusion and exclusion
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criteria, dose regimen, primary efficacy endpoint, secondary efficacy endpoints and the safety

endpoints, and statistical analysis approach and sample size.

1.2. Steps taken for the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP were:

Rapporteur: Kristina Dunder  Co-Rapporteur: Outi Maki-Ikola

The application was received by the EMA on

9 October 2020

The procedure started on

29 October 2020

The Rapporteur's first Assessment Report was circulated to all CHMP
members on

18 January 2021

The Co-Rapporteur's first Assessment Report was circulated to all CHMP
members on

18 January 2021

The PRAC Rapporteur's first Assessment Report was circulated to all
PRAC members on

2 February 2021

The CHMP agreed on the consolidated List of Questions to be sent to
the applicant during the meeting on

25 February 2021

The applicant submitted the responses to the CHMP consolidated List of
Questions on

21 May 2021

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Questions to all CHMP members on

29 June 2021

an oral explanation> to be sent to the applicant on

The PRAC agreed on the PRAC Assessment Overview and Advice to 08 July 2021
CHMP during the meeting on
The CHMP agreed on a list of outstanding issues <in writing and/or in 22 July 2021

The applicant submitted the responses to the CHMP List of Outstanding
Issues on

17 August 2021

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Outstanding Issues to all CHMP members on

29 September 2021

The outstanding issues were addressed by the applicant during an oral
explanation before the CHMP during the meeting on

12 October 2021

The CHMP, in the light of the overall data submitted and the scientific
discussion within the Committee, issued a positive opinion for granting
a marketing authorisation to Tavnheos on

11 November 2021
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2. Scientific discussion

2.1. Problem statement

2.1.1. Disease or condition

Tavneos was proposed by the applicant for "treatment of adult patients with granulomatosis with
polyangiitis (Wegener’s) (GPA) and microscopic polyangiitis (MPA)”.

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis is a multisystem autoimmune
condition that occurs due to production of anti-neutrophil cytoplasmic antibodies. The disease is
characterised by generalised inflammation of small to medium sized blood vessels that can affect many
different organ systems but commonly involves the kidneys. The two main forms of the disease are
granulomatosis with polyangiitis (GPA) and microscopic polyangiitis (MPA).

GPA can affect any organ or tissue but has a predilection for the upper and lower respiratory tracts and
the kidneys, with >75% of patients having renal involvement that is associated with progressive
glomerular nephritis. GPA is most commonly associated with ANCA positivity by immunofluorescence
and positive testing for the proteinase 3 (PR3)-antigen. MPA can be distinguished from other forms of
small vessel vasculitides by the absence of granuloma formation, and by the predominance of
perinuclear ANCA staining by immunofluorescence and positive testing for the myeloperoxidase (MPO)
antigen. If left untreated, 80% of patients with GPA or MPA die within 2 years of disease onset and
mortality is higher for patients with renal involvement.

2.1.2. Epidemiology

ANCA-associated vasculitis (AAVs) are classified as orphan diseases, with an incidence of about 20 per
million population per year estimated for Europe and North America; there is a slight male
preponderance and incidence rate increases with age. Annual reported incidence rates for ANCA-
associated glomerulonephritis in Europe are between 1.2 and 1.3 per 100,000 adults, with a similar
incidence seen in Japan, as described in the scientific literature.

2.1.3. Aetiology and pathogenesis

AAV are characterised by the production of circulating autoantibodies against the neutrophil-expressed
antigens myeloperoxidase (MPO) and proteinase 3 (PR3) and involve complement activation and C5a
production. The applicant stated that central role of C5a and its receptor C5aR has been proposed in
the pathogenesis of ANCA-associated vasculitis, as per the published literature, and that C5a primes
neutrophils and enhances ANCA-induced neutrophil activation. Neutrophils activate the alternative
complement pathway through endogenous properdin secretion and neutrophils also release C5a when
stimulated by inflammatory cytokines such as tumour necrosis factor a. The C5a, acting on C5aR, has
been reported to be a potent neutrophil chemoattractant and agonist, which triggers homotypic
neutrophil aggregation via interactions of the tumour necrosis factor activated aM2 (Mac-1)-integrins
with intercellular adhesion molecule-3 or inactivated complement fragment 3b on bystander
neutrophils. Deformability is important for non-activated neutrophils for unperturbed movement
through small blood vessels such as in the glomeruli. The C5a decreases neutrophil deformability,
particularly in the presence of ANCA. ANCA bound to endothelial-adherent neutrophils activate the
classical complement pathway, and lastly, C5a activates endothelial cells, promoting retraction and
increased permeability.
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2.1.4. Clinical presentation, diagnosis and prognosis

Patients with all forms of AAV commonly present with upper respiratory tract symptoms such as
sinusitis, dyspnoea, rhinitis, nasal polyps and conductive deafness. Renal involvement is present in the
majority of patients with MPA and GPA and is asymptomatic until advanced renal failure occurs.
According to the EULAR recommendations, a diagnosis should be supported by a biopsy from affected
organ.

2.1.5. Management

A treatment algorithm guiding the management of ANCA-associated vasculitis based on the European
League Against Rheumatism and European Renal Association—-European Dialysis and Transplant
Association (EULAR/ERA-EDTA) recommendations is presented below.

Algorithm for the Management of New ANCA-Associated Vasculitis

[New diagnosis of ANCA-associated va—l:ﬁ:u':ilis]

A 4

Rapidly progressive renal failure
[nnn-r:rg:—m threatening diseasa }({ organ or life-threalening disease } or
Pulmonary haemorrhage

y
methotrexate or [

L 4

mycophenclate mofetil with glucocorticoid Consider plasma exchange ]

with glucocorticoid

................................................................... rnuunuun-nu"nunnu.uu"nnuun.nunnu.un]

y
cyclophosphamide or rituximab ] [

¥ Refractory
|' e *Seek expert opinion
" Remission | «Re-avaluate diagnosis

«Optimise treatmeant
+Consider other drugs

y

- R
Azathioprine or methotrexate or rituximab ]
continue glucocorticoid taper 3 Relapse
4 l '\
Aller 2 years
taper azathioprine or methotrexate
stop rituximab

Source: Yates et al, 2016.

Cyclophosphamide plus glucocorticoids or rituximab plus glucocorticoids are currently considered the
standard of care for ANCA-associated vasculitis. Cyclophosphamide plus glucocorticoids or rituximab
plus glucocorticoids are considered the standard of care induction therapy for organ or life-threatening
AAV. Patients typically receive 0.5 to 1 g IV glucocorticoids, followed by oral glucocorticoids, 1
mg/kg/day, tapered according to local practice and treatment response. Chronic glucocorticoid use is
associated with an increased risk of new onset/worsening of diabetes mellitus, hypertension,
osteoporosis, avascular necrosis of bone, glaucoma, cataracts, psychiatric disorders, and other
debilitating side effects. Cyclophosphamide is given for 3-6 months with variable remission rates
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depending on the definition used. Patients are often switched from cyclophosphamide to azathioprine,
mycophenolate mofetil, or methotrexate due to toxicity concerns with long-term cyclophosphamide
use.

Rituximab, an anti-CD20 chimeric monoclonal antibody which depletes B lymphocytes, in combination
with glucocorticoids, was shown to be non-inferior to cyclophosphamide plus glucocorticoids in inducing
remission in AAV in two randomised controlled trials. Rituximab plus a glucocorticoid has been
approved for treatment of patients with GPA or MPA.

Maintenance treatment includes immunosuppressive drugs such as azathioprine, mycophenolate
mofetil, or methotrexate. Glucocorticoid treatment is also often used during maintenance. Adjuvant
treatment includes plasmapheresis in patients with severe progressive renal failure.

Due to the serious side effects associated with current therapies, including glucocorticoids, there is a
major unmet medical need in AAV. There is need for safer, convenient therapeutic agents that are able
to rapidly bring disease activity under control, and that can safely maintain remission.

About the product

Avacopan (previously known as CCX168) is proposed to selectively inhibit the binding of complement
5a (C5a) to the C5a receptor (C5aR, also called CD88): C5a is a terminal component of the
complement cascade. Avacopan is being developed as new, orally administered, first in class C5aR
antagonist treatment for anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis.

The recommended dose of Tavneos is 30 mg avacopan (3 hard capsules of 10 mg each) taken orally
twice daily.

2.2. Quality aspects

2.2.1. Introduction

The finished product is presented as hard capsules containing 10 mg of avacopan as active substance.
Other ingredients are:

Capsule contents: macrogolglycerol hydroxystearate, macrogol (4000)

Capsule shell: gelatin, red iron oxide (E172), yellow iron oxide (E172), titanium dioxide (E171) and
polysorbate 80.

Printing ink: black iron oxide (E172), shellac, potassium hydroxide

The product is available in high density polyethylene (HDPE) bottles with child-resistant closures and
induction seals as described in section 6.5 of the SmPC.
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2.2.2. Active Substance

General information

General information

The chemical name of avacopan is (2R,3S)-2-[4-(cyclopentylamino)phenyl]-1-(2-fluoro-6-
methylbenzoyl)-N-[4-methyl-3(trifluoromethyl)phenyl]piperidine-3-carboxamide corresponding to the
molecular formula CzsH35F4N30;. It has a relative molecular mass of 581.64 g/mol and the following
structure:

Active substance structure

The chemical structure of avacopan was inferred from the route of synthesis and elucidated by a
combination of elemental analysis, infrared spectroscopy, ultraviolet spectroscopy, NMR spectroscopy,
mass spectrometry, and specific optical rotation. Single crystal x-ray diffractometry was used for
definitive structure determination.

The solid-state properties of the active substance were measured by differential scanning calorimetry
(DSC), dynamic vapour sorption (DVS) and particle size distribution.

The active substance is a white to pale yellow non-hygroscopic crystalline solid. It is practically
insoluble in aqueous media across the physiological pH range. The manufacturing process ensures that
the most stable polymorphic form is isolated. Due to the low aqueous solubility, the finished product is
a solid solution within a capsule in which avacopan is present in amorphous form.

Avacopan exhibits stereoisomerism due to the presence of 2 chiral centres (2R,3S configuration).
Enantiomeric purity is controlled routinely by chiral HPLC.

Manufacture, characterisation and process controls

Avacopan is synthesised convergently in several steps using well defined starting materials with
acceptable specifications. The starting materials were defined in line with scientific advice provided by
CHMP. The process ensures the correct absolute and relative stereochemistry around the piperidine
ring.

Several critical steps were identified during development and investigated by extensive uni- and multi-
variate experiments. Certain steps were optimised through extensive design of experiments (DoE)
studies. Critical process parameters (CPPs) were identified and optimised following a further DoE
study. However, no design spaces are claimed.

Adequate in-process controls are applied during the synthesis. The specifications and control methods
for intermediate products, starting materials and reagents have been presented.
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The characterisation of the active substance and its impurities are in accordance with the EU guideline
on chemistry of new active substances. Potential and actual impurities were well discussed with
regards to their origin and characterised.

The commercial manufacturing process for the active substance was developed in parallel with the
clinical development programme. Changes introduced have been presented in sufficient detail and
have been justified.

The primary contact materials comply with EC directive 2002/72/EC and EC 10/2011 as amended.

Specification

The active substance specification includes tests for appearance (visual inspection), identity (FTIR,
HPLC), assay (HPLC), impurities (HPLC), enantiomeric impurity (chiral HPLC), residual solvents (GC),
elemental impurities (ICP-MS), water content (KF) and residue on ignition (Ph. Eur.).

Impurities present at higher than the qualification threshold according to ICH Q3A were qualified by
toxicological and clinical studies and appropriate specifications have been set. Elemental and solvent
impurities are controlled according to accepted ICH limits.

The analytical methods used have been adequately described and non-compendial methods
appropriately validated in accordance with the ICH guidelines. Satisfactory information regarding the
reference standards used for assay and impurities testing has been presented.

Batch analysis data from 12 pilot to production scale batches of the active substance from the intended
commercial manufacturer are provided. The results are within the specifications and consistent from
batch to batch. Supportive data from 4 batches from a different manufacturer used earlier in
development, using a different synthetic route, also complied with the specifications in place at the
time.

Stability

Stability data from 6 production scale batches of active substance from the proposed manufacturers
stored in the intended commercial package for up to 36 months under long term conditions (25°C /
60% RH) and for up to 6 months under accelerated conditions (40°C / 75% RH) according to the ICH
guidelines were provided.

The following parameters were tested: appearance, assay, impurities (including the enantiomer) and
water content. The analytical methods used were the same as for release and were stability indicating.
All tested attributes remained within their specifications and no trends were observed.

Forced degradation studies were conducted in order to demonstrate the stability indicating nature of
the analytical procedures. Samples were exposed to aqueous acid, base or peroxide or extreme
temperature (solid state). Photostability testing following the ICH guideline Q1B was also performed.
Extensive degradation was observed under all 3 aqueous conditions. Slight degradation was observed
on exposure to extreme heat or light.

The stability results indicate that the active substance manufactured by the proposed suppliers is
sufficiently stable. The stability results justify the proposed retest period of 36 months at not more
than 25°C in the proposed container.
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2.2.3. Finished Medicinal Product

Description of the product and Pharmaceutical development

The finished product is a size 0 hard capsule containing 10 mg avacopan as active substance. The
capsules are light orange/yellow opaque bicolour printed with "CCX168” in black ink with a clear gelatin
sealing band. Qualitative composition is listed in SmPC and section 2.2.1

The aim of development was an immediate release oral dosage form able to meet clinical, safety,
quality and commercial requirements. A quality target product profile (QTPP) was defined according to
ICH Q8 and formed the basis of development work.

Formulation development and development of manufacturing process have been discussed. Drug
product manufactured by from previous suppliers and was used to supply the Phase 2 clinical trials. In
2016, the drug product formulation, manufacturing process, and supporting analytical methods were
transferred to a new manufacturer for the manufacture of the Phase 3 clinical supplies and in
preparation for commercialisation.

The active substance is practically insoluble in aqueous media, irrespective of pH, but highly permeable
and is thus considered a BCS class 2 molecule. Therefore, a solubility enhancing formulation was
needed in order to provide acceptable bioavailability.

All excipients are well known pharmaceutical ingredients and their quality is compliant with Ph. Eur.
standards. There are no novel excipients used in the finished product formulation. The list of excipients
is included in section 6.1 of the SmPC and in paragraph 2.2.1 of this report. The relative amounts of
active substance and excipients was set in order to ensure the active substance is fully dissolved
during formulation and storage.

The size 0 gelatine capsule is quite big, and the posology generally requires 6 capsules to be ingested
per day. Therefore, the CHMP recommended further work in order to develop a formulation with an
increased active substance load [REC 001]. This would reduce the need for patients to swallow so
many large capsules daily and improve compliance.

Dissolution method development was conducted in parallel with formulation and process development.
The specification was set in line with clinical batch data.

Discriminatory power was investigated using formulations with different excipient ratios (to reduce
solubility) or containing a proportion of crystalline active substance. Incomplete dissolution was
observed in these formulations, indicating that the method is suitably discriminatory.

The manufacturing process was designed to dissolve the active substance in a heated molten excipient
solution Critical process parameters (CPPs) were identified and ranges were established to ensure
complete dissolution of avacopan into the fill solution.

The primary packaging is an HDPE bottle with child-resistant closure and induction seal. The material
complies with Ph. Eur. and EC requirements. The choice of the container closure system has been
validated by stability data and is adequate for the intended use of the product.

Manufacture of the product and process controls

The manufacturing process consists of 4 main steps: melting and dissolution of the capsule contents;
encapsulation; drying; packaging. The process is considered to be a standard manufacturing process.

Assessment report
Page 14/109



Major steps of the manufacturing process have been validated on 3 consecutive production scale batches
of finished product. It has been demonstrated that the manufacturing process is capable of producing
the finished product of intended quality in a reproducible manner. The CPPs including mixing temperature
and time are sufficiently controlled and reported. The IPCs are adequate for this type of manufacturing
process and pharmaceutical form.

Product specification

The finished product release and shelf-life specifications include appropriate tests for this kind of dosage
form including appearance (visual), identification (HPLC, UV), assay (HPLC), related substances (HPLC),
uniformity of dosage units (Ph. Eur.), dissolution (HPLC) and water content (Ph. Eur.).

The limits for impurities have been appropriately justified. The discriminatory power of the dissolution
method has been demonstrated.

The potential presence of elemental impurities in the finished product has been assessed following a
risk-based approach in line with the ICH Q3D Guideline for Elemental Impurities. Batch analysis data
using a validated ICP-MS method was provided, demonstrating that each relevant elemental impurity
was not detected above 30% of the respective PDE. Based on the risk assessment and the presented
batch data, no additional for elemental impurities are deemed necessary.

A risk assessment concerning the presence of nitrosamine impurities in the finished product has been
performed considering all suspected and actual root causes in line with the “"Questions and answers for
marketing authorisation holders/applicants on the CHMP Opinion for the Article 5(3) of Regulation (EC)
No 726/2004 referral on nitrosamine impurities in human medicinal products” (EMA/409815/2020) and
the “Assessment report- Procedure under Article 5(3) of Regulation EC (No) 726/2004- Nitrosamine
impurities in human medicinal products” (EMA/369136/2020). The applicant tested several batches of
finished product and of active substance for common low molecular weight nitrosamines using an
appropriately sensitive, validated GC-MS/MS method which did not detect any nitrosamine impurities.
Based on the information provided, no additional control measures are deemed necessary.

The analytical methods used have been adequately described and appropriately validated in
accordance with the ICH guidelines. Satisfactory information regarding the reference standards used
for assay and impurities testing has been presented.

Batch analysis results are provided for 14 pilot to production scale batches from the proposed
commercial manufacturer, along with 6 pilot scale batches from manufacturers used earlier in
development, confirming the consistency of the manufacturing process and its ability to manufacture
to the intended product specification.

The finished product is released on the market, through traditional final product release testing.

Stability of the product

Stability data from 9 pilot to production batches of finished product stored for up to 36 months under
long term conditions (25°C / 60% RH), for up to 36 months under intermediate conditions (30°C / 65%
RH) and for up to 6 months under accelerated conditions (40°C / 75% RH) according to the ICH
guidelines were provided. The batches of finished product are identical to those proposed for marketing
and were packed in the primary packaging representative of that proposed for marketing.

Samples were tested for appearance, assay, degradation products, dissolution and water content. All
attributes remained within their specification and no significant changes were observed, other than a
small increase in water under accelerated conditions.
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In addition, samples were exposed to light as defined in the ICH Guideline on Photostability Testing of
New Drug Substances and Products. No change was observed for capsules stored within the HDPE bottle.
However, capsules stored outside the bottle underwent some degradation, with an increase in impurities
and a decrease in assay. The finished product is more photosensitive than the active substance and
should thus be stored in its container.

An in-use stability study was conducted on samples stored under either long term or accelerated
conditions. At the start of the study, the bottles had been stored sealed for 9 months under long term
conditions. Bottles were opened daily and tested at regular intervals for up to 180 days. No significant
trends were observed, other than an increase in water under accelerated conditions.

Based on available stability data, the proposed shelf-life of 3 years and stored within the HDPE bottle
in order to protect from light, as stated in the SmPC (section 6.3 and 6.4) is acceptable.

Adventitious agents

Gelatine obtained from bovine sources is used in the product. Valid TSE CEP from the suppliers of the
gelatine used in the manufacture is provided.

No other excipients derived from animal or human origin have been used.

2.2.4. Discussion on chemical, pharmaceutical and biological aspects

Information on development, manufacture and control of the active substance and finished product has
been presented in a satisfactory manner. The results of tests carried out indicate consistency and
uniformity of important product quality characteristics, and these in turn lead to the conclusion that
the product should have a satisfactory and uniform performance in clinical use.

At the time of the CHMP opinion, there was a minor unresolved quality issue having no impact on the
Benefit/Risk ratio of the product, which pertains to the development of a more patient-friendly
formulation with a higher active substance load. This point is put forward and agreed as a
recommendation for future quality development.

2.2.5. Conclusions on the chemical, pharmaceutical and biological aspects

The quality of this product is considered to be acceptable when used in accordance with the conditions
defined in the SmPC. Physicochemical and biological aspects relevant to the uniform clinical
performance of the product have been investigated and are controlled in a satisfactory way. Data has
been presented to give reassurance on viral/TSE safety.

2.2.6. Recommendation for future quality development

In the context of the obligation of the MAHSs to take due account of technical and scientific progress,
the CHMP recommends the following points for investigation:

e The applicant is recommended to develop a more patient-friendly formulation with a higher
active substance load in order to reduce the number of large capsules to be swallowed daily.
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2.3. Non-clinical aspects

2.3.1. Introduction

2.3.2. Pharmacology

Primary pharmacodynamics

In vitro

The antagonistic properties of avacopan and/or the metabolite CCX168-M1 were evaluated in
chemotaxis assays, ligand binding assays, and calcium mobilisation assays. In a myeloid human cell
line, avacopan functionally inhibits C5a-mediated chemotaxis with an ICso of 0.92 nM. Additionally,
avacopan displaces 12°I-C5a from hC5aR with an ICso of 0.45 nM. When tested on freshly isolated
human neutrophils, avacopan inhibits the C5a-mediated increase in cytoplasmic calcium levels with
an ICso of 0.2 nM.

Avacopan was evaluated for its ability to inhibit C5a-mediated effects on neutrophils in freshly isolated
human whole blood. First, in a C5a-mediated neutrophil migration assay in whole blood, avacopan
produced 50% inhibition (ICsp) at a concentration of 1.7 nM; 90% inhibition required an avacopan
concentration of 15.4 nM. Second, in a C5a-mediated upregulation assay of the adhesion molecule
CD11b on the surface of neutrophils in freshly isolated whole blood, avacopan treatment made
neutrophils two-fold less sensitive to C5a stimulation at a concentration of 4.8 nM; in whole blood,
90% inhibition required an avacopan concentration of 43 nM.

Avacopan also inhibits C5aR in cynomolgus monkeys and hamsters with potencies in a similar range
to that observed with human whole blood. However, avacopan possesses moderate potency for rabbit
C5aR (ICsp ~4 uM) and lacks affinity for mouse or rat C5aR (ICso >10 uM).

One major human metabolite, CCX168-M1, has been identified in human plasma in a Phase I study,
(CLO01_168). This metabolite is equivalent to avacopan in its potency towards hC5aR. CCX168-M1
has an ICso of 3 nM for inhibition of C5a-mediated whole blood neutrophil chemotaxis and a potency
of 7 nM for inhibition of C5a-mediated neutrophil CD11b upregulation in whole blood. Like avacopan,
the metabolite CCX168-M1 has comparable potency for cynomolgus monkey, hamster, and human
C5aR, moderate potency against rabbit C5aR (ICso ~3 uM) but lacks affinity for mouse or rat C5aR
(ICs0 >10 pM).

In vivo

As avacopan retains little, if any, potency for C5aR expressed by mice or rats, the applicant
generated a human C5aR knock-in (hC5aR KI) mouse strain in which the mouse C5aR gene was
replaced with the human C5aR gene. The model seems validated by data indicating that the innate
immune cells of these hC5aR KI mice respond normally to human (or mouse) C5a and in a highly
sensitive manner to avacopan (i.e that the human C5aR in these transgenic mice is fully functional).
In vitro, avacopan blocks hC5a-mediated chemotaxis of leukocytes freshly isolated from these hC5aR
KI mice with an ICs0 of 13 nM in 100% mouse plasma.

Avacopan has been evaluated in mechanism-based studies in monkeys and in the hC5aR KI mouse
model evaluating the effect of avacopan on hC5a-induced neutropenia. Ex vivo, the effect of avacopan
on C5a-mediated CD11b upregulation on blood leukocytes from the hC5aR KI mouse was evaluated.
Finally, avacopan was studied in an ANCA disease model in hC5aR KI mice. In the mechanism-based
monkey model, avacopan caused a complete inhibition of hC5a-induced neutropenia at plasma
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concentrations of ~230 nM (134 ng/mL) i.e. above the cynomolgus whole blood ICy (162 nM), while
concentrations of ~38 nM (22 ng/mL) around the cynomolgus whole blood ICso (18 nM) resulted in
~50% inhibition. Hence, in this model, avacopan can significantly reduce C5a-induced neutropenia in
monkeys.

In the hC5aR KI mouse model, an intravenous dose of 20 pg/kg hC5a robustly induced leukopenia
(>50% drop from baseline) within one minute after injection. Pre-treatment of these mice with an
oral dose of 0.3 mg/kg avacopan resulted in a plasma concentration of approximately 75 nM at one
hour which almost completely blocked the C5a-induced leukopenia. A dose of 0.03 mg/kg avacopan,
corresponding to a plasma concentration of 15 nM (~9 ng/mL) resulted in a 50% reduction in the
C5a-induced leukopenic response.

The amount of avacopan required to hinder C5a-mediated CD11b upregulation on blood leukocytes in
plasma was evaluated further with an ex vivo assay using hC5aR KI mice. Following an orally
administered dose of vehicle or avacopan, blood was collected and stimulated in vitro with increasing
concentrations of hC5a, resulting in increased CD11b expression on blood neutrophils. The potencies
(ECso) of hC5a for CD11b upregulation on neutrophils from vehicle and avacopan-treated mice were
compared in the context of the measured avacopan plasma concentration. C5a inhibition was generally
proportional to avacopan in this assay. On average, a plasma concentration of 38 nM (~22 ng/mL)
avacopan was required to shift the C5a ECso value 10-fold.

ANCA disease is a small vessel vasculitis perpetrated by autoantibodies against neutrophil cytoplasm-
expressed proteins such as myeloperoxidase (MPO) and proteinase 3 (PR3). Complement C5a has a
critical role in this disease process. In a manner that requires activation of the alternative complement
pathway, passive transfer of antibodies to MPO (anti-MPO) induces ANCA necrotising and crescentic
glomerulonephritis in mice that closely mimics human disease. In this anti-MPO-induced mouse disease
model, antibody-mediated blockade of C5a prevents disease. Moreover, knocking out the C5a receptor
makes mice resistant to ANCA disease in this model system. In this ANCA vasculitis mouse model,
anti-MPO antibodies were injected intravenously into 10-week old female hC5aR KI mice on Day 0. The
mice were dosed orally with 0 (vehicle), 0.1, 1, 10 (2x5) or 37.5 mg/kg avacopan for 7 days. On Day
7, mice were euthanised and kidneys were evaluated histologically for glomeruli containing necrosis
and crescents. In addition, serum and urine samples were analysed for indicators of kidney
dysfunction. Vehicle-treated mice developed glomerular crescents and necrosis, the primary hallmarks
of disease, by Day 7. Mice treated at 10 (2x5) and 37.5 mg/kg/day showed significant reductions in
the incidence of glomerular crescent formation and necrosis relative to vehicle-treated mice. At the
same dose levels, the mice exhibited significant reductions in indicators of kidney dysfunction,
including urinary protein levels and urinary leukocyte and erythrocyte nhumbers. An avacopan dose of
37.5 mg/kg q.d., reduced the percentage of glomeruli with crescents by 93% on average, and the
percentage of glomeruli with necrosis by 100% on average. At 37.5 mg/kg, avacopan mean plasma
concentrations range from 4380 ng/mL (at 1 hour) to 276 (at 24 hours). Thus, the effective avacopan
plasma concentrations seem to be between 200 and 4000 ng/mL. The mean steady-state trough
avacopan plasma concentration at the intended therapeutic dose in humans is ~204 ng/mL. The active
dose levels of 10 and 37.5 mg/kg corresponds to HEDs of 0.8 and 3 mg/kg, respectively. Thus, the
dose span (HED of 0.0024 to 3 mg/kg) investigated seems relevant to the human recommended dose
of 60 mg/day (~1 mg/kg/day).

Secondary pharmacology

Avacopan displays ~10,000-fold or greater selectivity for hC5aR relative to most other chemotactic
receptors, and 6,700-fold for CCR5 and 8,000-fold for CCR10. These include CCR1, CCR2, CCR3, CCR4,

Assessment report
Page 18/109



CCR5, CCR6, CCR7, CCR8, CCR9, CCR10, CCR12, CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCRS6,
CXCR7, C5L2, C3aR, ChemR23, GPR1, and FPR1.

Avacopan was further evaluated against a panel of 55 unrelated receptors and membrane-associated
proteins. At 10 pM (~5.8 pg/mL) avacopan showed weak activity on the human Adenosine A2a (42%
inhibition) and A3 receptors (33% inhibition), as well as on the sodium channel (site 2).The weak
activity of avacopan was observed at exposures >16,000-fold the clinical Cmax (unbound) for avacopan
of 0.349 ng/mL. The metabolite CCX168-M1 was tested against a panel of 17 related chemotactic
receptors and a panel of 56 unrelated receptors and membrane-associated proteins. Only weak activity
was detected at 10 uM (~6 pg/mL); 53% inhibition at cannabinoid receptor type 1, 64% inhibition at
sodium channel (binding site 2), and 51% inhibition at GABA-gated chloride channel. The weak activity
of metabolite CCX168-M1 was observed at exposures around 49,000-fold the clinical Cmax (unbound)
for CCX168-M1 of 0.122 ng/mL.

As patients with the indications being pursued who may receive avacopan may also be receiving
glucocorticoids as part of their treatment, the ability of avacopan and CCX168-M1 to block the
glucocorticoid receptor was evaluated using radio-ligand binding assays. No antagonist activity was
observed for either compound in these assays. Furthermore, avacopan and CCX168-M1 were evaluated
for their ability to inhibit cellular proliferation of lymphocytes, either alone or together with
cyclophosphamide. Neither avacopan nor CCX168-M1 affected the ability of cyclophosphamide to
inhibit cellular proliferation; by themselves, avacopan and CCX168-M1 also did not affect cellular
proliferation. Neither avacopan nor CCX168-M1 had any activity on 113-HSD2, an enzyme involved in
the metabolism of corticosteroids. Both compounds were thus found to be inactive in these assays,
indicating low potential for interference with the biological effects or metabolism of either
cyclophosphamide or corticosteroids.

Safety pharmacology

Avacopan was tested in the following battery of safety pharmacology assays:

CNS, respiratory and renal systems: Evaluation of behaviour, blood pressure, ECG and respiratory
assessments were included in the monkey repeat-dose toxicity studies. No effects on behaviour,
respiratory rates, and kidney function were noted in the monkey studies at dose levels up to 30/45
mg/kg/day and avacopan and CCX168-M1 exposures corresponding to ~5.2- and 4.4-fold the clinical
AUC, respectively.

Cardiovascular system: Cardiovascular effects of avacopan and CCX168-M1 were evaluated in vitro
and in vivo. In vitro data indicate that avacopan inhibited hERG ionic conductance by 26% at a
concentration of 2.3 pM (~1.3 pg/mL), the maximal concentration testable due to solubility
constraints. The major human metabolite CCX168-M1 inhibited hERG ionic conductance by 37% at a
concentration of 3 pM (~1.8 pyg/mL), the maximal concentration of the compound achievable without
precipitation. Exposure margins for avacopan and CCX168-M1 of about 4000- and 14000-fold,
respectively, relative to human Cnax,free plasma levels. Based on these data, a low risk of pro-
arrhythmic/torsadogenic effects is predicted for avacopan and CCX168-M1.

In the telemetry study in conscious monkeys, there were no effects on cardiovascular (blood pressure)
and electrocardiographic parameters (P, PR, QRS, QT and QTc intervals, and R amplitude) following
single oral doses up to 50 mg/kg, the highest dose tested. At 50 mg/kg, blood pressure values were
slightly reduced (<12%) versus vehicle. This slight effect was not statistically significant and all mean
and individual values were within the range of normal biologic variation. At the highest dose tested (50
mg/kg), the mean avacopan plasma concentration at 4 hrs (approximate Tmax) post-dose was 1182
ng/mL, corresponding to about 3.3-fold the Cnax at MRHD (349 ng/mL).
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Additionally, no evidence of electrocardiographic abnormalities was seen in vivo in the 28-day, 20-
week, and 44-week repeat-dose monkey studies. Mean plasma levels of 1845 and 2470 ng/mL
(avacopan) and 573 and 548 ng/mL (CCX168-M1) were achieved in the 20-week and 44-week studies,
respectively. These exposures represent 5.2- to 7.0-fold (avacopan), and 4.4- to 4.6-fold (CCX168-M1)
the clinical AUC.

Pharmacodynamic drug interactions

No pharmacodynamic drug interaction studies have been performed. This is considered acceptable.

2.3.3. Pharmacokinetics

The absorption, clearance, distribution, and metabolism properties of avacopan and its major
metabolite CCX168-M1 were evaluated in a series of in vitro and in vivo studies.

Absorption: Avacopan is highly permeable across the Caco-2 monolayer membrane and is not a
substrate of efflux transporters. Following intravenous dosing, avacopan showed moderate total body
clearance (30 to 50% of liver blood flow) in mice, rats and dogs. The terminal elimination half-life
ranged from approximately 2 hours in mice and rats to 14.2 hours in dogs. Following oral dosing of the
crystalline neutral form at 2 mg/kg in a suspension, avacopan was rapidly absorbed in mice and rats
with low to moderate bioavailability (17% to 27%). When dosed orally as a solution, bioavailability of
50% to 100% was observed at doses up to 100 mg/kg in rats. Several organic vehicles were explored
for rat, rabbit, hamster, and cynomolgus monkey oral pharmacokinetics at several dose levels; the
maximum exposure following single oral administration was reached at 100 mg/kg.

Distribution: Both avacopan and its metabolite CCX168-M1 are plasma protein bound reversibly at
>99.9% in plasma of mice, rats, hamsters, rabbits, dogs, monkeys and humans over the
concentration range of 2.5 to 50 uM. Avacopan is reversibly bound to human albumin and al-acid
glycoprotein (AAG) at >99.9%, while CCX168-M1 is reversibly bound to human albumin and AAG at
99.9% and ~99%, respectively. Avacopan and CCX168-M1 do not selectively partition to red blood
cells. The tissue distribution profile of a single oral dose of [1*C]-avacopan in rats showed that the
radioactivity was rapidly absorbed and extensively distributed into tissues and organs. Distribution
profiles were similar in non-pigmented (male) and pigmented (male/female) rats. In non-pigmented
male and female rats, the tissues with the highest [*C]-avacopan-related radioactivity
concentrations were liver, brown fat, white adipose, adrenal glands, urinary bladder (male),
Harderian gland (male), preputial gland (male), pancreas (female) and myocardium (female). In the
pigmented (male and female) rats, the tissues with the highest concentrations were liver, brown fat,
white adipose, adrenal glands, Harderian gland, pancreas, kidney and renal substructures (male),
cecum (female), and small intestine (male). The Cnax of [1*C]-avacopan-derived radioactivity was
greater in white adipose than for most other tissues from 8 through 72 hours post dose. Distribution
trends in the pigmented uveal tract suggested that [**C]-avacopan-related radioactivity associated
with the melanin-containing tissues of the eye; this association was slowly reversible. The total
exposure to radioactivity was low to moderate when compared to other non-melanin containing
tissues. Radioactivity levels in the skin were similar in pigmented and non-pigmented rats and were
measurable through 72 and 336 hours post dose, except in pigmented male rats, where levels were
BLQ at 336 hours post dose. The total exposure to radioactivity was moderate when compared to other
non-melanin containing tissues. The elimination of radioactivity from pigmented skin and non-
pigmented skin occurred at a similar rate, suggesting that there was no apparent selective affinity of
[*#C]-avacopan-derived radioactivity for integumentary melanin.
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Distribution to placenta was not investigated.

Metabolism: When incubated with cryogenically preserved hepatocytes from mice, rats, dogs, and
humans, avacopan demonstrated low to moderate intrinsic clearance. In hepatocytes and liver
microsomes of several species (mouse, rat, hamster, rabbit, dog, monkey, or human), the most
abundant metabolite was CCX168-M1, identified as a product of methyl hydroxylation of avacopan.
Several minor metabolites, including CCX168-M6, were also observed, all primarily products of
Phase I biotransformation of avacopan.

Definitive in vivo metabolite profiling studies with an oral dose of [1“C]-avacopan in rats, monkeys, and
humans showed that avacopan was the most abundant radioactive component in plasma across these
species, while CCX168-M1 was the only major circulating metabolite. This metabolite is equivalent to
avacopan in its potency towards hC5aR. In human plasma, avacopan and metabolite CCX168-M1
accounted for 18% and 11.9% of the total plasma radioactivity, respectively. CCX168-M1 is considered
qualified as adequate exposure has been achieved in the evaluation of safety pharmacology, general
toxicity, genotoxicity and reproductive toxicity studies. This major metabolite was also qualified in the
carcinogenicity studies.

Excretion: Mass balance studies were carried out in rats, cynomolgus monkeys, and healthy human
subjects, with oral administration of [14C]-avacopan. Results from the rat and human studies showed
high total radioactivity recovery (>97% in rats and >86% in humans), while the monkey mass balance
was approximately 72% due to complications from diarrhoea caused by PEG-400 in the dosing vehicle.
In all three species, the major elimination pathway is metabolism through CYP3A4-mediated oxidation
in the liver, and the metabolites are primarily excreted into faeces via bile. Hepatic or renal direct
excretion of the unchanged avacopan is minimal.

2.3.4. Toxicology

The toxicological profile of avacopan has been evaluated in a set of non-clinical studies including
repeat-dose toxicity studies up to 13 weeks in hamsters, up to 26 weeks rats and up to 44 weeks
monkeys; in vitro and in vivo genotoxicity; fertility and early embryonic development (hamster) and
embryo-fetal development (EFD) (hamster and rabbit) and pre- and post-natal development
(hamster); in vitro phototoxicity and in silico and in vitro impurity qualifying studies. Two-year
carcinogenicity studies (hamster and rat) were submitted during the evaluation.

The hamster and Cynomolgus monkey were selected as the main rodent and non-rodent toxicology
species as justified by pharmacology and pharmacokinetic data showing that avacopan binds to
cynomolgus monkey and hamster C5aR with potencies similar to those seen for human C5aR, and that
these species are relevant from a metabolism perspective. Toxicity studies in rats were designed to
assess off-target adverse effects.

Single dose toxicity

A single-dose toxicity study in rats showed that oral administration of avacopan up to 100 mg/kg was
well tolerated with no significant effects in any of the investigated parameters.
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Repeat dose toxicity

Avacopan has been evaluated in repeat-dose toxicity studies in hamsters (up to 13 weeks with 4
weeks recovery), rats (up to 26 weeks with 6 weeks recovery) and monkeys (up to 44 weeks with 6
weeks recovery). No dose-limiting effects or target organ of toxicity were noted in the chronic studies
and therefore, the toxicology of avacopan is not considered fully explored. However, the maximum
dose levels employed were the maximum feasible dose levels based on dose volume and formulation
concentration constraints, and/or formulation tolerability. To further maximise exposure, twice daily
dosing was used in all chronic studies. Additionally, a saturated absorption was seen in hamsters and
monkeys. Thus, the repeat-dose toxicity profile has been explored to the extent feasible.

Avacopan was well tolerated at doses up to 1000 mg/kg/day in hamsters, 200 mg/kg/day in rats and
45-50 mg/kg/day in monkeys. These doses were associated with maximal systemic exposure following
oral administration in each species after optimizing the formulation. Observations in the chronic (26-
week and 44-week) toxicology studies were limited to vehicle-related clinical observations of
gastrointestinal effects in monkeys and minor clinical pathology effects in rats at doses >100
mg/kg/day, none of which were considered adverse based upon their magnitude, direction of change,
reversibility, and absence of any other clinical or microscopic correlate(s).

Genotoxicity

A complete package of genotoxicity studies in agreement with ICH S2(R1) guidance have been
performed with avacopan. In the bacterial reverse mutation assay, avacopan did not cause an increase
in the mean number of revertants per plate with any tester strains, either in the presence or absence of
microsomal activation prepared from Aroclor-induced rat liver. Also, avacopan was found to be negative
for inducing forward mutations at the thymidine kinase (TK) locus in L5178Y mouse lymphoma cells.
The maximum concentrations evaluated in the in vitro studies were limited by solubility and the top
dose was ~300 pg/plate in the bacterial reverse mutation assay and 300 pM in the mouse lymphoma
test.

In vivo, avacopan was negative in the rat bone marrow micronucleus assay, following two consecutive
daily oral doses up to the dose limit of 2000 mg/kg/day. TK analysis, reported in a separate non-GLP
study, indicated that avacopan and CCX168-M1 exposure plateaued at the 500 mg/kg dose. Thus, the
avacopan and CCX168-M1 AUC exposures up to 95930 ng-h/mL and 13825 ng-h/mL, respectively were
evaluated in the study, correlating to 17-fold, and 5-fold, respectively, the clinical AUC. Distribution to
the bone marrow was confirmed in the quantitative whole-body autoradiography studies in rat where
the [1*C]-avacopan derived radioactivity in bone marrow was approximately similar to that in blood.

Carcinogenicity

The carcinogenic potential of avacopan was evaluated in 2-year carcinogenicity studies in rats and
hamsters.

In rats, avacopan treatment was generally well tolerated with no dose-limiting effects observed. Given
that the TK analysis revealed a saturated exposure, it is agreed that the dose level selection seems
appropriate. The study was terminated during Weeks 97 and 92 for males and females, respectively,
due to lower survival in the water or vehicle control groups. This is not considered to impact on the
assessment of carcinogenic potential as the number of animals evaluated and study duration are
sufficient.
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A slight increased incidence of focal C-cell hyperplasia in the thyroid was noted in males administered
100 mg/kg/day. The incidences were 11% (6/55), 11% (6/57), 11% (6/57), 12% (7/57) and 19%
(11/57) at 0 (vehicle), 0 (water), 10, 30 and 100 mg/kg/day, respectively. In Covance’s historical
control dataset, the total incidence in male rats was 2.6% (46/1766) with a range of 0.0 to 21.7%.

There were no clear indications on neoplasms of an unusual incidence or nature. A slight increased
incidence of benign C-cell adenoma in the thyroid was however noted in males at 100 mg/kg/day. The
incidences were 13% (7/55), 11% (6/57), 16% (9/57), 16% (9/57) and 23% (13/57) at 0 (vehicle), 0
(water), 10, 30 and 100 mg/kg/day, respectively. In Covance’s historical control dataset, the total
incidence thyroid focal C-cell adenomas in male rats was 11% (189/1766) with a range of 2.2 to
25.5%. Thus, the incidence of thyroid focal C-cell adenomas in male rats at 100 mg/kg/day is above
the mean total incidence but within the range of the historical controls. In Week 4, the mean AUCo-24n
values for avacopan was 11500, 25600 and 17400 in males at 10, 30 and 100 mg/kg/day,
respectively, corresponding to 1.6-, 3.6- and 2.5-fold the clinical AUC exposure. In females, the mean
AUCo-24n values for avacopan was 13600, 33400 and 21400 at 10, 30 and 100 mg/kg/day, respectively
corresponding to 1.9-, 4.8- and 3-fold the clinical AUC exposure.

In hamsters, avacopan treatment was also well tolerated with no dose-limiting effects observed. No
saturation of avacopan exposure was observed in hamsters at the selected dose levels. However,
previous data from the 13-week hamster study indicate saturation of exposure at dose levels above
100 mg/kg/day. Thus, the dose level selection seems appropriate.

The study was terminated during Weeks 98 and 92 for males and females, respectively, due to lower
survival in the water or vehicle control groups. This is not considered to impact on the assessment of
carcinogenic potential as the number of animals evaluated and study duration are sufficient.

Administration of 30 or 100 mg/kg/day resulted in an increased incidence of mineralisation in the
ovaries of females and the majority of findings were of minimal severity degree. The toxicological
significance is unknown. The study report mentions that this finding has not been noted in previous
long-term studies in hamsters at the test site and is not reported as a common non-neoplastic
observation in Syrian hamsters (Kamino et al., 2001, McInnes et al 2015). Mineralisation in ovaries has
not been observed in rats (up to 2-years) or monkeys (up to 44 weeks).

Administration of the control article irrespective of the dose of avacopan, resulted in higher incidence
and/or severity of pigment in the spleen, mesenteric lymph nodes, liver, colon, and cecum; pigmented
macrophages in the liver; cystic glands in the rectum; and chronic progressive nephropathy.

There were no clear indications on neoplasms of an unusual incidence or nature. However, a further
discussion is requested on the potential increased incidence of benign adrenal phaeochromocytoma in
female hamsters at 100 mg/kg/day. The incidences were 4.6% (3/65), 4.6% (3/65), 0% (0/65), 3.1%
(2/65) and 9.2% (6/65) at 0 (vehicle), 0 (water), 10, 30 and 100 mg/kg/day, respectively. In
published data from three 2-year hamster studies, benign adrenal phaeochromocytoma was reported
in 1.6% (4/250) control females with the highest individual study incidence of 3.3% (2/60). Thus, the
incidence at 100 mg/kg/day is outside of this published spontaneous background incidence.

In Week 26, the mean AUCy-24n values for avacopan was 5560, 21600 and 42000 in males at 10, 30
and 100 mg/kg/day, respectively, corresponding to <1, 3.1- and 6-fold the clinical AUC exposure. In
females, the mean AUCo-24n values for avacopan was 4290, 24500 and 35600 in at 10, 30 and 100
mg/kg/day, respectively corresponding to <1, 3.5- and 5.1-fold the clinical AUC exposure.
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Reproduction Toxicity

In the fertility and early embryonic development study in hamsters, there were no significant effects
on male or female fertility or early embryonic development parameters when tested up to doses of
1000 mg/kg/day corresponding to 6-fold the expected clinical AUC. In addition, avacopan did not affect
reproductive organ weights, or caused macroscopic or histopathological findings in reproductive organs
in any of the investigated species in repeat-dose toxicity studies.

Embryo-foetal developmental studies were performed in hamsters and rabbits. In the pivotal hamster
study, there were no signs of maternal toxicity, and no alterations in the uterine and ovarian
examination. The foetal evaluation revealed no external, visceral or skeletal malformations, but there
was a significant increase in the number of litters and foetuses with skeletal variations, principally
short thoracolumbar supernumerary ribs, at 1000 mg/kg/day. The applicant is of the opinion that short
thoracolumbar supernumerary ribs have been demonstrated to be transient and resolve with further
development of the animal. As such, it is unclear why no directed evaluation of the skeleton was
included in the pre- and post-natal development study. In the absence of post-natal skeletal data, and
any other signs of maternal toxicity (i.e. clinical signs or effects on food consumption or body weight),
the skeletal variations cannot be attributed to maternal toxicity and are considered adverse. Thus, the
NOAEL for maternal toxicity is 1000 mg/kg/day, corresponding to 5.2-fold the clinical AUC. Based on
the increased incidence of supernumerary ribs at 1000 mg/kg/day, the NOAEL for embryo-foetal
development is 100 mg/kg/day, corresponding to 5.2-fold the clinical AUC.

In the pivotal rabbit study, maternal toxicity as seen by an increased incidence in abortions and clinical
signs were observed at the highest dose tested, 200 mg/kg/day. There were no alterations in the
uterine and ovarian examination, and there were no avacopan-related gross external, soft tissue or
skeletal foetal alterations (malformations or variations). The NOAEL for maternal toxicity is 30
mg/kg/day, and the NOAEL for embryo-foetal development is 200 mg/kg/day, both NOAELs
corresponding to ~0.6-fold clinical AUC exposure.

In the pre- and post-natal development hamster study, oral administration of up to 1000 mg/kg/day
avacopan was given from gestation day 6 to lactation day 20. Treatment was generally well-tolerated
in female hamsters during the gestation and lactation periods. No deaths, clinical signs, body weight or
food consumption differences, gross lesions or changes in organ weights were attributed to avacopan.
In the F1 generation, there were no findings considered avacopan-related in any of the parameters
evaluated with exception of the male sexual maturation. There was a small statistically significant
increase in the preputial separation day values for the male F1 generation offspring at 30, 100 and
1000 mg/kg/day in comparison with the control group values. The effect may indicate a general
developmental delay, however, the body weight at the time of preputial separation was similar in all
study groups indicating that such explanation is unlikely. In general, preputial separation is known to
be androgen dependent and consequently delays could potentially indicate an estrogenic or anti-
androgenic effect.

On the basis of these data, the maternal NOAEL was 1000 mg/kg/day, corresponding to ~4-fold
clinical AUC exposure.

Toxicokinetic data

The toxicokinetic characteristics of avacopan and its metabolites were determined in the pivotal
reproductive toxicity studies.
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Local Tolerance

No local tolerance studies were submitted which is acceptable. The intended route of administration of
avacopan is oral and local tolerance has been adequately evaluated within the performed non-clinical
studies. Vehicle-related clinical observations of gastrointestinal effects were observed in monkeys and
in rabbits. This is not considered a concern in the clinical situation.

Other toxicity studies

Phototoxicity: Avacopan absorbs light within the range of natural sunlight (290 to 700 nm) with a peak
MEC of 2989 L mol! cm-! at 290 nm. The study report concludes that avacopan has potential to be
photoreactive between 290 and 370 nm. In rat QWBA studies, [1*C] avacopan-derived material was
widely distributed following an oral dose. Distribution trends in the pigmented uveal tract suggested
that [14C]-avacopan-related radioactivity associated with the melanin-containing tissues of the eye;
this association was slowly reversible. The total exposure to radioactivity was low to moderate when
compared to other non-melanin containing tissues. Radioactivity levels in the skin were similar in
pigmented and non-pigmented rats.

Based on criteria established in ICH S10, further experimental evaluation of phototoxicity potential is
warranted and the applicant has performed an in vitro phototoxicity study concluded as negative.
However, the Atlas Xenon lamp used emits light wavelengths in the 300 to 800 nm range
corresponding to a range noted for all sunlight approximating emitters listed in the OECD guidance,
while avacopan shows a peak absorption at 290 nm. However, given that avacopan levels in the skin
were considered moderate and comparable to other tissues and declined at a rate similar to non-
melanin containing tissues and that no adverse reactions in skin are reported in the phase 3 clinical
trial, further testing is not warranted. In addition, UVB-induced phototoxicity is rarely a concern for
pharmaceuticals with systemic exposure since UVB minimally penetrates beyond the epidermis as
noted in ICH S10.

In conclusion, the testing strategy is considered acceptable and it can be concluded that avacopan is
considered as negative for phototoxic potential under the conditions tested.

Immunotoxicity: The potential immunotoxicity of avacopan has been evaluated by standard
assessments in repeat-dose toxicology studies and by evaluation of T-cell dependent antibody
responses induced by KLH in rats and monkeys. However, as avacopan has no activity on the rat C5aR,
the rat study data are not considered informative. In addition, immunophenotyping of peripheral blood
was included in the 44-week monkey study.

In monkeys, avacopan had no effect on T-cell dependent antibody responses or on relative or absolute
values for peripheral blood immunophenotyping (total T lymphocytes, helper T lymphocytes, cytotoxic
T lymphocytes, B lymphocytes, or natural killer cells). In monkey repeat-dose studies, there were no

observed histopathological changes in lymphoid organs or alterations in clinical pathology parameters.

Dependence: No drug dependence studies were submitted. This is considered as acceptable as
avacopan has a limited distribution to CNS and there was no evidence of CNS effects in safety
pharmacology or toxicology studies. The intended mechanism of action, antagonism of the C5aR is also
not suggesting abuse liability.

Metabolites: In humans, metabolite CCX168-M1 was characterised as a major metabolite (~12 % of
total plasma radioactivity). This metabolite is equivalent to avacopan in its potency towards hC5aR.
Metabolite CCX168-M1 is also a metabolite in all non-clinical species and adequate exposure of
CCX168-M1 has been achieved in the evaluation of safety pharmacology, general toxicity, genotoxicity
and reproductive toxicity studies. Carcinogenicity studies have been performed in hamsters and rats.
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Impurities: Impurities have been evaluated in accordance with ICH M7.

In vitro, the drug substance intermediate and one impurity did not induce bacterial reverse mutations
in the presence or absence of metabolic activation with rat liver S9 and are thus considered non-

mutagenic.

From a non-clinical perspective, no new or additional risks have been identified.

2.3.5. Ecotoxicity/environmental risk assessment

Summary of main study results

Substance (INN/Invented Name): Avacopan

CAS-number (if available): 1346623-17-3

Transformation in Aquatic
Sediment systems

DTso, water = 1.25 days

DTSO, sediment = 95.2 days
DTs0, whole system = 56 days
Humsterbach

DTso, water = 0.85 days

DTso, sediment >10000 days
DT5so, whole system >10000 days

>10% shifting to sediment

PBT screening Result Conclusion
Bioaccumulation potential OECD117 >4.9 at pH 6-9 Potential PBT (Y)
log Kow OECD123 7.00-7.12 at pH 5-9
PBT-assessment
Parameter Result relevant Conclusion
for conclusion
Bioaccumulation log Kow 7.00-7.12 at pH 5-9 B
BCF <2000 L/kg not B
Persistence DT50 or ready Not readily biodegradable P
biodegradability DT50 >180 days vP
Toxicity NOEC or CMR T/not T
PBT-statement: The compound is considered as vP
Phase 1
Calculation Value Unit Conclusion
PEC surfacewater, refined based 0.0078 ug/L >0.01 threshold
on prevalence (N)
Other concerns NA NA (N)
(e.g. chemical class)
Phase II Physical-chemical properties and fate
Study type Test protocol Results Remarks
Ready Biodegradability Test OECD TG301B Biodegradation Not readily
-2.7% after 29 days biodegradable in
sludge
Aerobic and Anaerobic OECD 308 Pfalz vP in water-

sediment systems

Phase IIa Effect studies

Study type | Test protocol | Endpoint | value | Unit | Remarks
Phase IIb Studies
Bioaccumulation OECD 305 BCF 664 L/kg | %lipids;

4.4% at test start
3.8% at Day 20
3.6% at end of
depuration phase
3.8% as overall
mean

Avacopan has a PECsyrface water Value of 0.0078 nug/L (phase I calculation using a prevalence based
Fpen of 0.00026 representing the orphan disease indications) and does therefore not trigger a
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standard Phase IIA risk assessment. The log Kow of avacopan was determined to >4.9 (OECD
TG117), and to 6.98-7.12 (OECD123) at environmental relevant pH values triggering a PBT hazard
assessment (log Kow =4.5).

A stepwise PBT assessment has been provided. With regards to persistence, avacopan does not
demonstrate a readily biodegradation profile in activated sludge according to OECD TG301B indicating
a certain degree of persistence. The degradation and distribution of avacopan in two water-sediment
systems under aerobic conditions was investigated according to test guideline OECD 308. The
avacopan degradation rates (DTso) in the sediment and in the total system of one of the two water-
sediment systems are higher than the threshold value of 180 days for the half-life in water-sediment
systems, as defined as very persistent criterion by ECHA. Thus, avacopan is very persistent (vP) in
water-sediment systems. Regarding bioaccumulation, a bioconcentration study in rainbow trout was
conducted according to OECD 305. The steady-state and lipid-normalised growth-corrected kinetic
bioconcentration factors (BCFss and BCFywg4) of avacopan were in maximum 664 L/kg and hence below
the bioaccumulation criterion (B) of 2000 L/kg according to ECHA. Thus, avacopan is not considered
bioaccumulative. Consequently, avacopan has not to be classified as a PBT substance, since the
criteria bioaccumulative (B) and vB are not fulfilled.

In summary, avacopan PECsyrfacewater Value is below the action limit of 0.01 pg/L. Avacopan is
considered as vP but is not a PBT substance. Considering the rarity of the indications, the
environmental exposure will be negligible.

2.3.6. Discussion on non-clinical aspects

The non-clinical characteristics of avacopan has been characterised in pharmacology, pharmacokinetic
and toxicology studies in agreement with relevant guidelines.

Pharmacology: Avacopan has been developed as a selective antagonist of the complement 5a receptor
(C5aR) thereby inhibiting the binding of complement 5a (C5a), a terminal component of the
complement cascade, to the C5aR.

In vitro, the antagonistic properties of avacopan and its major human metabolite CCX168-M1 were
evaluated in chemotaxis assays, ligand binding assays, and calcium mobilisation assays. In these
studies, avacopan and CCX168-M1 were found to be potent antagonists of human, hamster, and
monkey C5aR, moderately potent against rabbit C5aR, but to be non- or minimally active against
mouse, rat or rabbit C5aR.

In vivo, avacopan caused a dose-dependent inhibition of hC5a-induced neutropenia in monkeys and in
hC5aR KI mice at plasma concentrations of relevance for the clinical situation. In the ANCA disease
model in hC5aR KI mice, avacopan caused dose-dependent and significant reductions in the incidence
of glomerular crescent formation and necrosis relative to vehicle-treated mice, and significant
reductions in indicators of kidney dysfunction, including urinary protein levels and urinary leukocyte
and erythrocyte numbers. Overall, in vitro and in vivo primary pharmacology data support the
intended clinical use. Moreover, the in vivo models and the avacopan dose ranges studied are
considered relevant for the clinical situation.

Regarding the proposed mechanism of action in SmPC section 5.1, the included statements have been
supported by data.

Based on the secondary pharmacology screens, the data indicate a low potential for off-target effects
of both avacopan and the metabolite CCX168-M1.

Evaluation of effects on CNS, respiratory and renal systems was performed in rats. As avacopan lacks
affinity for the rat C5aR, the potential safety pharmacology effects of C5aR antagonism are not
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considered evaluated in these rat studies. However, as avacopan and its metabolite CCX168-M1 have
similar pharmacological activity on human and cynomolgus monkey C5aR, and as safety pharmacology
parameters including evaluation of behaviour, blood pressure, ECG and respiratory assessments were
included in the monkey repeat-dose toxicity studies, these data supplement the results from the rat
pharmacology studies. In short, no avacopan-related effects were observed in any of these parameters
at the dose levels tested. Based on the in vitro hERG data, a low risk of pro-arrhythmic/torsadogenic
effects is predicted for avacopan and CCX168-M1. In the telemetry study in conscious monkeys, there
were no effects on heart rate and electrocardiographic parameters (P, PR, QRS, QT and QTc intervals,
and R amplitude) following single oral doses up to 50 mg/kg although a slight reduction in blood
pressure was observed. At the highest dose tested (50 mg/kg), the mean avacopan plasma
concentration at 4 hrs (approximate Tmax) post-dose was 1182 ng/mL, corresponding to about 3.3-fold
the Cmax at MRHD (349 ng/mL). Additionally, no evidence of electrocardiographic abnormalities was
seen in vivo in the repeat-dose monkey studies at exposures represent 5.2- to 7.0-fold (avacopan),
and 4.4- to 4.6-fold (CCX168-M1) the clinical AUC.

Overall, based on the available data avacopan and its major metabolite CCX168-M1 have a low
potential for adverse QT-effects at the intended therapeutic exposure. However, it should also be noted
that supra-therapeutic exposures have not been evaluated in vivo.

Pharmacokinetics: Distribution of avacopan to placenta was not investigated. In addition, excretion into
milk has not been evaluated. However, based on data from the hamster PPND study, avacopan is
considered likely excreted in maternal milk.

Toxicology: The toxicology study package is acceptable and has been performed according to relevant
guidelines. The selection of the main toxicology species, hamster and Cynomolgus monkeys is justified
based on pharmacology and pharmacokinetic data.

In chronic studies, no dose-limiting effects or target organ of toxicity were noted and therefore, the
toxicology of avacopan is not considered fully explored. However, the repeat-dose toxicity profile has
been explored to the extent feasible. Exposures of avacopan reached in the pivotal toxicology studies
exceeded the expected exposures reached with 30 mg b.i.d. in humans. The AUC exposure margins
relative to the human AUC exposure are approximately 4, 15 and 4 in hamsters, rats and monkeys,
respectively.

Questions on species selection, study designs, and timing of carcinogenicity studies were discussed in
scientific advices given by CHMP in 2016 (EMEA/H/SA/3340/1/2016/PA/SME/III and
EMEA/H/SA/3340/2/2016/PA/SME/III). The species selection (hamster and rat) and the carcinogenicity
study designs were endorsed. Regarding the proposal to submit these data post-approval, CHMP
clarified that from a risk point of view, it may be acceptable to have the rodent carcinogenicity data
available post-approval. However, since safety advantages compared to current therapies are targeted,
conducting carcinogenicity testing before an approval would provide further support.

The two-year carcinogenicity studies in rats and hamsters have been submitted as part of the
responses to the CHMP’s request and showed that the life-time treatment of avacopan was generally
well tolerated in both species. There were also no clear indications on neoplasms of an unusual
incidence or nature in neither species. However, a slight increased incidence of benign C-cell adenoma
in the thyroid was noted in male rats. The finding is likely to be of low toxicological significance but is
presented in SmPC section 5.3.

In the pre- and post-natal development hamster study, oral administration of up to 1000 mg/kg/day
avacopan was given from gestation day 6 to lactation day 20. Treatment was generally well-tolerated
in female hamsters during the gestation and lactation periods. No deaths, clinical signs, body weight or
food consumption differences, gross lesions or changes in organ weights were attributed to avacopan.
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In the F1 generation, there were no findings considered avacopan-related in any of the parameters
evaluated with exception of the male sexual maturation. There was a small statistically significant
increase in the preputial separation day values for the male F1 generation offspring at 30, 100 and
1000 mg/kg/day in comparison with the control group values. The effect may indicate a general
developmental delay, however, the body weight at the time of preputial separation was similar in all
study groups. In general, preputial separation is known to be androgen dependent and consequently
delays could potentially indicate an estrogenic or anti-androgenic effect. As requested, a further
discussion on the delayed preputial separation has been provided. The applicant is of the opinion that
this is a chance event. It is agreed that there is no evidence for any oestrogenic or anti-androgenic
effect of avacopan observed by evaluation of standard parameters throughout the provided study
package. However, such effects could potentially be subtle and transient.

Historical background data has been provided and show that the mean preputial separation values in
vehicle controls and treatment groups were above those obtained in any treatment group in the
avacopan PPND study, indicating that the day of preputial separation in hamsters is highly variable or
potentially that the historical controls are not fully relevant to the hamsters included in the avacopan
study. Moreover, the historical data also show a higher within group variation than in the avacopan
PPND study. While it is possible that the particularly small variability of the age of preputial separation
in the control group may be a confounding factor, it is also noted that the overall variability in the
avacopan-treated groups were smaller than the historical controls. Given these apparent differences
between the avacopan study data and the historical control data, it is concluded that the within study
control groups are considered the most relevant. After a further clarification, the CHMP concluded that
the delayed preputial separation observed at or above dose levels of 30 mg/kg/day in comparison with
the control groups is considered possibly related to avacopan administration. The finding is likely to be
of low toxicological significance but is described in SmPC section 4.6 and 5.3. On the basis of these
data, the maternal NOAEL was 1000 mg/kg/day, corresponding to ~4-fold clinical AUC exposure. The
developmental NOAEL in male and female hamsters was 10 and 1000 mg/kg/day, respectively.

2.3.7. Conclusion on the non-clinical aspects

Overall, the submitted non-clinical pharmacology, pharmacokinetic and toxicology data is adequate. No
post-marketing investigations were considered necessary by the CHMP.

2.4. Clinical aspects

2.4.1. Introduction

GCP

The Clinical trials were performed in accordance with GCP as claimed by the applicant.

The applicant has provided a statement to the effect that clinical trials conducted outside the
Community were carried out in accordance with the ethical standards of Directive 2001/20/EC.

e Tabular overview of clinical studies
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Study ID; Location | Main Study Study Title/Design Test Product; Target Duration Study
Phase of Study | Objectives Dosing Regimen; Study of Status;
Report Route of Administration FPopulation | Treatment | Type of
Report
CLO01_168 |533.1 Safety and A Double-Blind, Placebo- | Avacopan or placebo; 48 healthy | Period 1: Completed;
Phase 1 tolerability; Controlled, Single and Period 1- subjects 1 day; Full
pharmacokinetic Multiple Ascending Dose | 1310, 30, and 100 mg, Period 2-
and Phase 1 Study to Evaluate single dose; 7 days
pharmacodynamic | the Safety, Tolerability, Period -
profiles and Pharmacokinetics of 1.3 an d- 10 mg once daily
CCX168 in Healthy Male | .2 2% "~
and Female Subjects for 7 days, . .
) 30 and 50 mg twice daily
for 7 days;
Oral
CLO04 168 | 5322 Mass balance An Open-Label, Phase 1 100 mg avacopan single 6 healthy 1 day Completed;
Phase 1 Study in Healthy dose containing 400 uCiof | male Full
Volunteers to Evaluate [*CJavacopan; subjects
the Mass Balance Oral
Recovery and Metabolic
Disposition of a Single
Oral Dose of
[“c]cexa68
CL007_168 |5334 Food effect An Open-Label, Phase 1 | Period 1: 30 mg avacopan | 16 healthy | Period 1,2, | Completed;
Phase 1 Study 1n Healthy single dose, fed or fasted; subjects 3: 1 days Full
Volunteers to Evaluate Period 2: 30 mg avacopan Period 4
the Pharmacokinetic Food | ginole dose, fed or fasted; 7 days
Effect and Cardiac Safety Period 3- 3
of CCX168 eriod 3: 3 mg avacopan
single dose, fasted;
Period 4: 100 mg avacopan
single dose followed by
100 mg avacopan twice
daily for 5 days, followed
by 100 mg single dose for
1 day, fasted;
Oral
CL008_168 | 5334 Drug-drug An Open-Label, Phase 1 | Cohort A: 32 Healthy | 19 days Completed;
Phase 1 mteraction Study in Healthy Day 1 and Day 13: single Subjects Full
Volunteers to Evaluate oral doses of 2 mg (16 1n each
the Drug-Drug Interaction | midazolam and 200 mg Cohort)
Potential of CCX168 with | celecoxib;
Concomitant Medications | Day 3 to 18: avacopan
30 mg orally twice daily;
Day 16 to 19: once daily
oral dose 200 mg
itraconazole;
Day 19: single morning
oral dose avacopan 30 mg
Cohort B:
Day 1 and 14: avacopan
30 mg orally once daily
Day 4 to 17: 600 mg
rifampin orally once daily
CLO13 168 | 5333 Hepatic An Open-Label, Phase 1 30 mg single dose; 24; 1 day Completed;
Phase 1 impairment Study To Evaluate The Oral (8) Healthy Full
Single-Dose Subjects;
Pharmacokinetics Of (8) subjects
Avacopan (CCX168) In with muld,
Male And Female and
Subjects With Mild Or (8) with
Moderate Hepatic moderate
Impairment hepatic
impairment
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Study ID; Location | Main Study Study Title/Design Test Product; Target Duration Study
Phase of Study | Objectives Dosing Regimen; Study of Status;
Report Route of Administration Population | Treatment | Type of
Report
CLO14 168 | 5354 Thorough QT A Multiple-Dose, Cohort 1: Avacopan 30 mg | 58 Healthy | 14 days Completed;
Phase 1 Randomized, Double- twice daily for 7 days, Subjects Full
Blind, Placebo- 100 mg twice daily for (29 1n each
Controlled, Active- 7 days; Cohort)
Comparator, Parallel Cohort 2: Moxifloxacin and
Study to Investigate the placebo;
Effect of Avacopan at Oral
Therapeutic and
Supratherapeutic Doses
on the QT/QTc Interval in
Healthy Subjects
CCX1101 5331 Ethno-bridging A Phase I Climcal Study | Avacopan or placebo; 80 healthy | 7 days Completed;
Phase 1 of CCX168 in Healthy 10, 30, or 100 single dose; adult Full
Adult Japanese and 30 or 50 mg twice daily for | Japanese or
Caucasian Male Subjects; | 7 days; Caucasian
Randomized. single-blind, | ora1 male
placebo-controlled subjects; 10
subjects per
cohort
CL002_168 | 5351 Safety and A Randomized, Double- | STEP 1, two dose groups 67 subjects | 12 weeks Completed;
Phase 2 efficacy; Blind, Placebo- Placebo + 60 mg starting with Full
pharmacokinetic Controlled, Phase 2 Study | dose prednisone once daily | ANCA-
profile to Evaluate the Safety and | Avacopan 30 mg twice associated
Efficacy of CCX168 in daily + 20 mg starting dose | vasculitis
Subjects with Anti- predmsone
Neutrophil Cytoplasmic
Antibody (ANCA)- STEP 2, two dose groups
Associated Vasculitis on
Placebo + 60 mg starting
Background dose predni daily
3 . p sone once daily
Cyclophosphamide or Avacopan 30 me tw
Rituximab Treatment pan 39 mg twice
daily
STEP 3, three dose groups
Placebo + 60 mg starting
dose prednisone once daily
Avacopan 30 mg twice
daily + 20 mg starting dose
prednisone once daily
Avacopan 30 mg twice
daily
All subjects recerved
cyclophosphamide or
rituximab.
12-week dosing period;
12-week follow-up period;
Oral
CLO003_168 | 5351 Safety and A Randomized. Double- | Three dose groups: 42 subjects | 12 weeks Completed;
Phase 2 tolerabulity; Blind. Placebo- Placebo with Full
pharmacokinetic Controlled, Dose Avacopan 10 mg twice ANCA-
profile Assessment Phase 2 daily associated
Study to Evaluate the Avacopan 30 mg twice vasculitis
Safety and Efficacy of daily
CCX168 m Subjects with
Anti-Neutrophil All subjects recetved 60 mg
Cytoplasmuc Antibody prednisone starting dose
(ANCA)-Associated once daily +
Vasculitis cyclophosphamide or
rituximab.
12-week dosing period;
12-week follow-up period;
Oral
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Study ID; Location | Main Study Study Title/Design Test Product; Target Duration Study
Phase of Study | Objectives Dosing Regimen; Study of Status;
Report Route of Administration Population | Treatment | Type of
Report
CL010_168 | 5351 Safety and A Randommzed, Double- Two dose groups: 300 32 weeks Completed;
Phase 3 efficacy; Blind. Active-Controlled. | Placebo + 60 mg starting subjects Full
pharmacokinetic Phase 3 Study to Evaluate | j,ce prednisone once daily. with
profile the Safety and Efficacy of | Avacopan 30 mg twice ANCA-
CCXI168 (Avacopan) in daily. associated
Patients with Anti- vasculitis
Neutrophil Cytoplasmme e -
o Ry | Mot
Associated Vasculitis L
. ntuximab.
Treated Concomutantly
with Rituximab or ~ . .
Cyclophosphamide/Azath | J2-week dosing period:
ioprine gr\::leek follow-up period

2.4.2. Pharmacokinetics

The pharmacokinetic data has been gathered from studies performed in healthy subjects and in the
target population. Avacopan is extensively metabolised and the most abundant metabolite in plasma is
M1, which showed similar potency against the C5a receptor (C5aR) compared to avacopan. In the
mass balance study, avacopan and M1 accounted for 18% and 12% of the total plasma radioactivity,
respectively. As the protein binding is high (>99.9%) for both avacopan and M1 (Study PC0632_168),
relative contribution to the in vivo pharmacological effect of avacopan and M1 is difficult to conclude.
Consequently, in terms of guideline requirements, both avacopan and M1 are considered to be major
pharmacologically active moieties. Avacopan and metabolite M1 concentrations in human plasma and
urine samples were analysed by validated LC-MS/MS methods.

Population PK analysis was based on data obtained from a total of seven clinical studies (Phase 1
studies CCX1101, CL013_168, CL007_168 and CL0O08_168, Phase 2 studies CL002_168 and
CL003_168, and Phase 3 study CL010_168). A total of 368 subjects were included in the model
development with 232 subjects with ANCA-associated vasculitis and 136 subjects in the Phase 1
studies.

Two three-compartment models with linear clearance were found to each best describe the PK of
avacopan and metabolite M1 in subjects with ANCA-associated vasculitis as well as in healthy subjects
in Phase 1 studies treated with avacopan doses up to 100 mg BID. Overall, the population PK model of
avacopan included food effect on all absorption parameters, body weight as scaling factor on systemic
and peripheral PK parameters, renal and hepatic biomarkers (i.e., eGFR and ALT, respectively) and age
on CL/F and serum albumin on Vc/F. In addition, the effects of health status were also evaluated on
absorption duration and lag time, and on CL/F and Vc/F. The effect of health status on CL/F and Vc/F
was evaluated. The effect of covariates on CL/F and Vc/F are described below. The PK models were
used to predict full individual avacopan and M1 concentration-time profiles, which were subsequently
used in non-compartmental analysis to derive individual Cmax, AUC and Cavg values.

Absorption

The absolute bioavailability of avacopan is unknown, and it is uncertain whether avacopan is a high or
low permeable compound. Regarding solubility, avacopan is practically insoluble (less than 10 ug/mL)
across a wide range of conditions (pH 1.1-12.0, SGF and FaSSIF). Consequently, avacopan is
formulated in a solubility enhancing formulation (50/50 Cremophor RH40 /PEG-4000 capsule). The
final formulation was used in the clinical Phase II (CLO02_168; CL003_168) and III (CL0O10_168)
studies in AAV patients. The same formulation was also used in six Phase I studies e.g. CLO01_168
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FIH; CLO07_168 food effect / cardiac safety; CLO08_168 drug-drug interaction; CL013_168 hepatic
impairment; CCX1101 ethnobridging; CL014_168 thorough QT. Based on the poor solubility, avacopan
is a BCS 2 or 4 compound.

Avacopan pharmacokinetics profile is approximately dose linear, with a dose-proportional increase in
systemic exposure in the dose range of 10 to 30 mg and a slightly more than dose-proportional
increase in the dose range 30 to 100 mg. Across studies performed during fasting conditions,
absorption occurred with median Tmax at approximately 2 hours. Administration of a high-fat, high-
calorie meal increased avacopan AUC by approximately 70% compared to administration under fasted
conditions in study CLO07_168. Cmax was more comparable, with only an 8% increase under fed
conditions compared to fasted. Tmax was delayed by approximately 3 hours. The AUC of M1 under fed
conditions was comparable to when administered under fasted conditions while Cmax was
approximately 50 % lower under fed administration relative to fasted. A similar food effect on
avacopan PK (fed/fasted AUC ratio 2.1) was also observed in the ethnobridging study (CCX1101) with
Japanese subjects given a 30 mg single-dose avacopan with a low fat meal except that Tmax was
delayed to a lesser extent by only 1 hour in the fed state. Metabolite M1 AUC in Study CCX1101 stayed
the same in the fed state while its Cnax decreased about 40%.

The result from the food interaction study CLO07_168 is presented below:

Summary of Statistical Comparisons of Plasma avacopan

Treatment A Treatment B Confidence
( L'est) (Reference) Intervals
Geometric Geometric 90% Intra-subject
Parameter LSM n LSM n GMER (%) Confidence CViy

AUC,,; (ng*hr/mL) 1410.4 1a 826.33 16 170.68 151.00 - 19.77
192.81

AUC) s (ng*hwmL)| 16460 | 16 | 95923 | 14 171.60 147.12 - 23.23
20015

C e (12/mL) 128.1 16 118.6 16 107.98 02.05 - 126.67 26.06

Tax (I1) 5.379 16 2.286 16 23529 208.37 - 25.79
262.21

Treatment A = 30 mg CCX168 (3 x 10 mg capsules) — fed (test)

Treatment B = 30 mg CCX168 (3 x 10 mg capsules) — fasted (reference)

Summary of Statistical Comparisons of Plasma M1

Treatment A Treatment B Confidence
(Test) (Reference) Intervals
Geomelric Geomelric 90%% Intra-subject

Parameter LSM n LSM n GMR (%) Confidence CV%
ATUC,, (ng*hr/mL) 513.29 16 588.95 16 87.15 §3.10-91.40 7.65
ATUC i (ng*hr/mL) 609.74 16 6583.11 16 £80.26 §5.66 - 93.00 6.61
Caax (n2/mL) 20.33 16 41.37 16 49.15 44,81 -5391 14.94
Toax (1) 6.410 16 2.880 16 222.54 191.70 - 253.37 30.70
Treatment A = 30 mg CCX168 (3 x 10 mg capsules) — fed (test).
Treatment B = 30 mg CCX168 (3 x 10 mg capsules) — fasted (reference).

Distribution

Mean V. /F was in the range of 3,000 to 11,000 L following a single oral dose of 30 mg avacopan in
healthy subjects in Studies CL001_168, CCX1101, CLO07_168 and CL013_168. Both avacopan and M1
were protein bound at >99.9% in plasma over the concentration range of 2.5 - 50 pyM. Avacopan
steady state Cmax at the proposed clinical dose is approximately 0.3 pyM. Based on both in vivo and in

Assessment report
Page 33/109



vitro data, blood-to-plasma ratios were less than 1, suggesting that both compounds have limited
penetration into red blood cells.

Elimination

Liver metabolism, followed by biliary and renal excretion of the metabolites, is the primary route of
elimination for the absorbed avacopan, while biliary and renal excretion of the unchanged parent drug
plays a negligible role. The results from the mass balance study indicate that avacopan was the
primary component present in plasma, accounting for approximately 18% of the total radioactivity.
There was one major metabolite in plasma, M1, which accounted for approximately 12% of the dose.
The metabolic pathway responsible for conversion of avacopan into M1 was studied using human liver
microsomes and was found to be mainly mediated by CYP3A4 and to a lesser degree by CYP2C19 and
CYP2D6. In healthy subjects, the steady state was achieved after approximately 5 days of twice daily
dosing. The ratio of steady state AUCO-T vs single-dose AUCinf is in the range of 1.5 - 2.2, suggesting
a modest degree of time-dependent PK.

According to population PK analysis the typical apparent oral clearance (CL/F) of avacopan is 13.1 -
21.1 L/h at the therapeutic dose of 30 mg b.i.d. The median terminal elimination half-life of avacopan
is 21 days. In ANCA-associated vasculitis subjects receiving twice daily 30 mg avacopan for 52 weeks
(CL010_168), steady-state trough plasma concentrations of avacopan and metabolite M1 appear to be
reached by Week 13.

Based on the ADME study, approximately 87% of the radioactive dose was recovered in the 