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Therapeutic Goods Administration

About the Therapeutic Goods Administration (TGA)

* The Therapeutic Goods Administration (TGA) is part of the Australian Government
Department of Health and is responsible for regulating medicines and medical devices.

* The TGA administers the Therapeutic Goods Act 1989 (the Act), applying a risk
management approach designed to ensure therapeutic goods supplied in Australia
meet acceptable standards of quality, safety and efficacy (performance) when
necessary.

* The work of the TGA is based on applying scientific and clinical expertise to decision-
making, to ensure that the benefits to consumers outweigh any risks associated with
the use of medicines and medical devices.

* The TGA relies on the public, healthcare professionals and industry to report problems
with medicines or medical devices. TGA investigates reports received by it to
determine any necessary regulatory action.

* Toreport aproblem with a medicine or medical device, please see the information on
the TGA website <https://www.tga.gov.au>.

About AusPARs

* An Australian Public Assessment Report (AusPAR) provides information about the
evaluation of a prescription medicine and the considerations that led the TGA to
approve or not approve a prescription medicine submission.

* AusPARs are prepared and published by the TGA.

* An AusPAR is prepared for submissions that relate to new chemical entities, generic
medicines, major variations and extensions of indications.

* An AusPAR is a static document; it provides information that relates to a submission at
a particular point in time.

* A new AusPAR will be developed to reflect changes to indications and/or major
variations to a prescription medicine subject to evaluation by the TGA.

Copyright

© Commonwealth of Australia 2019

This work is copyright. You may reproduce the whole or part of this work in unaltered form for your own personal
use or, if you are part of an organisation, for internal use within your organisation, but only if you or your
organisation do not use the reproduction for any commercial purpose and retain this copyright notice and all
disclaimer notices as part of that reproduction. Apart from rights to use as permitted by the Copyright Act 1968 or
allowed by this copyright notice, all other rights are reserved and you are not allowed to reproduce the whole or any
part of this work in any way (electronic or otherwise) without first being given specific written permission from the
Commonwealth to do so. Requests and inquiries concerning reproduction and rights are to be sent to the TGA
Copyright Officer, Therapeutic Goods Administration, PO Box 100, Woden ACT 2606 or emailed to
<tga.copyright@tga.gov.au>.
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Common abbreviations

Abbreviation Meaning
ACR American College of Rheumatology
ACR Core Set Consists of 7 disease activity measurements
ACR 20/50/70 A patient who had at least 20%/50%/70% improvement in
Responder both tender and swollen joint counts and at least

20%/50%/70% improvement in a minimum of 3 of the 5
specified criteria

ADAs Anti-drug antibodies

ADCC Antibody-dependent cell-mediated cytotoxicity
AE Adverse event

AESI Adverse event of special interest

Al Autoinjector

ALP Alkaline phosphatase

ALT Alanine aminotransferase

ANC Absolute neutrophil count

ANCOVA Analysis of covariance

AST Aspartate aminotransferase

AUC Area under the concentration versus time curve extrapolated

to infinity

bDMARD Biologic disease-modifying anti-rheumatic drug(s)
BSA Body surface area
cDMARD Conventional disease-modifying anti-rheumatic drug(s)
CAC Cardiovascular Adjudication Committee
CDC Complement-dependent cytotoxicity
CEC Clinical Events Committee
CER Clinical evaluation report
CI Confidence interval
Crmax Maximum serum concentration
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Abbreviation Meaning

CMH Cochran-Mantel-Haenszel

CRP C-reactive protein

CSR Clinical study report

CTCAE Common Terminology Criteria for Adverse Events

DAS28-CRP Disease Activity Score 28 based on diarthrodial joint count and
C-reactive protein

DMARDs Disease-modifying anti-rheumatic drugs

DMC Data Monitoring Committee, a group specifically established
for interim safety monitoring

ECG Electrocardiogram

eCRF Electronic case report form

ELISA Enzyme linked immunosorbent assay

EQ-5D 5L European Quality of Life-5 Dimensions 5 Level

EULAR European League Against Rheumatism

FACIT Functional Assessment of Chronic Ill Health

GCP Good Clinical Practice

GGT Gamma glutamyl transferase

HAQ Health Assessment Questionnaire

HAQ-DI Health Assessment Questionnaire-Disability Index

HR-QOL Health Related Quality of Life

HBV Hepatitis B virus

hs-CRP High sensitivity (assay) C-reactive protein

ICH International Council for Harmonisation

Ig Immunoglobulin

IL Interleukin (for example, IL-17; a pro-inflammatory cytokine
produced by Th17 cells)

LLN Lower limit of normal

LOCF Last observation carried forward
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Abbreviation Meaning
LLOQ Lower limit of quantification
LSM Least square mean
MCS Mental Component Summary
MedDRA Medical Dictionary for Regulatory Activities
MMRM Mixed-effects model of repeated measures
mTSS Modified Total Sharp Score
MTX MTX
NAb Neutralising antibody
NRI Non-responder imputation
NRS Numeric Rating Scale
NSAID Non-steroidal anti-inflammatory drug
PCS Physical Component Summary
PFS Prefilled syringe
PGA Physician’s Global Assessment of Disease Activity
PI Product information
PK/PD Pharmacokinetics/Pharmacodynamics
PRO Patient Reported Outcome
PY Patient-year(s)
q2w Every 2 weeks
q4w Every 4 weeks
qw Once every week
QTc Corrected QT; QTcF corrected QT using Fridericia’s correction
factor; QTcLCTPB corrected QT using a large clinical study
population based correction factor
RA Rheumatoid arthritis
REGN844 Surrogate murine monoclonal antibody against mouse IL-6Ra
RF Rheumatoid Factor
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Abbreviation Meaning
SAE Serious adverse event
SAP Statistical Analysis Plan
SC Subcutaneous
SCS Summary of Clinical Safety
SCE Summary of Clinical Efficacy
SD Standard deviation
SEM Standard error of the mean
SF-36 Medical Outcomes Study 36-Item Short Form Health Survey
SJC Swollen joint count
SMQ Standardised Medical Dictionary for Regulatory Activities
Query
SOC System Organ Class
TB Tuberculosis
TE-ADA Treatment-emergent anti-drug antibody
TEAE Treatment-emergent adverse event
ti/2 Terminal half-life
Tmax Time required to reach maximum serum concentration
TNF Tumour necrosis factor
SD Standard deviation
SE Standard error
ULOQ Upper limit of quantification
Vss Volume of distribution at steady state
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l. Introduction to product submission

Submission details

Type of submission:
Decision:

Date of decision:

Date of entry onto ARTG:

ARTG numbers:

(;Black Triangle Scheme

Active ingredient:

Product name:

Sponsor’s name and address:

Dose form:
Strengths:
Containers:
Pack sizes:

Approved therapeutic use:

Route of administration:

Dosage:

Product background

New biological entity

Approved

12 September 2018

14 September 2018

293333,293334, 293335 and 293336

Yes. This product will remain in the scheme for 5 years, starting
on the date the product is first supplied in Australia/

Sarilumab (rch)

Kevzara

Sanofi-Aventis Australia Pty Ltd
12-24 Talavera Road,
Macquarie Park NSW 2113

Solution for injection

150 mg (131.6 mg/mL) and 200 mg (175 mg/mL)
Single dose prefilled syringe; single use prefilled pen
Packs of 2

Kevzara in combination with non-biological Disease-Modifying
Anti-Rheumatic Drugs (DMARDs) or as monotherapy is indicated
for the treatment of moderate to severe active Rheumatoid
Arthritis in adult patients who have had an inadequate response
or intolerance to one or more DMARDs.

Subcutaneous (SC) injection

The recommended dose of Kevzara is 200 mg once every 2
weeks given as a subcutaneous injection.

This AusPAR describes the application by the sponsor to register a new biological
medicine, sarilumab, as Kevzara for the treatment of rheumatoid arthritis (RA) as follows:

Kevzara in combination with non-biologic Disease-Modifying Anti-Rheumatic Drugs
(DMARDs) or as monotherapy is indicated for the treatment of moderate to severe
Rheumatoid Arthritis in adult patients who have had an inadequate response or
intolerance to one or more DMARD:s.
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Kevzara is to be used as a subcutaneous (SC) injection. The sponsor is requesting two
strengths of 200 mg and 150 mg as pre-filled syringes and pens. Choice of a starting dose
should be based on an individual patient assessment, taking into consideration potential
risks. The recommended dose of Kevzara is 200 mg once every 2 weeks (q2w) given as a
SC injection. Reduction of dose from 200 mg once q2w to 150 mg once q2w is
recommended for management of neutropaenia, thrombocytopaenia and elevated liver
enzymes.

In addition to Kevzara, one additional tradename was initially applied for in this
submission; IIsidex.

Sarilumab is a human immunoglobulin G1 (IgG1) monoclonal antibody that binds
specifically to both soluble and membrane-bound interleukin 6 (IL-6) receptors
(sIL-6Ra and mIL-6Ra), and has been shown to inhibit IL-6-mediated signalling
through these receptors similar to tocilizumab (tradename: Actemra).

IL-6 is a multifunctional cytokine which is produced by variety of cell types, and is
involved in the pathogenesis of neoplasia, osteoporosis and various inflammatory
diseases, including rheumatoid arthritis (RA) as well as inflammatory bowel disease.
Elevated tissue and serum levels of IL-6 have been noted in the disease pathology of RA,
thus the inhibition of the biological activity of IL-6 or its receptor can potentially be
utilised in the treatment of the disease.

RA is a chronic inflammatory autoimmune disease characterised by polyarticular
inflammatory synovitis, which is associated with cartilage breakdown, bony erosion and
ultimately loss of function of the affected joints. Systemic involvement may also occur, and
there is an increased risk of atherosclerosis and lymphoma over time, particularly if the
condition is insufficiently controlled. The over-production of pro-inflammatory cytokines
such as tumour necrosis factor (TNF) and IL-6 in the joints and sera of patients with RA
are important mediators in the disease pathogenesis primarily via activation of
T-lymphocytes, but also through effects on B-lymphocytes. IL-6 can activate hepatocytes
to produce acute phase reactants, such as C-reactive protein (CRP).

The most relevant current treatment option is tocilizumab (Actemra), a recombinant
humanised monoclonal antibody of the IgG1 subclass which binds to human IL-6
receptors, approved for the treatment of moderate to severe active RA in adult patients in
combination with methotrexate (MTX) or other non-biological DMARDs in case of either
an inadequate response or intolerance to previous therapy with one or more DMARDs.
Tocilizumab has been shown to inhibit the progression of joint damage in adults, as
measured by X-ray when given in combination with MTX. Tocilizumab is also approved for
polyarticular juvenile idiopathic arthritis and systemic juvenile idiopathic polyarthritis.

The submission is clinically supported by the original two Phase III studies over 24 to
52 weeks, along with some other studies, in adult patients who have had an inadequate
response or intolerance to one or more DMARDSs, and a new monotherapy study
comparing with adalimumab and a study supporting the pen presentation.

This is a re-submission to the TGA by the sponsor. The key differences between the
original submission and this re-submission are further justification to support the 200 mg
fortnightly starting dose, a broadening of the indications to include monotherapy use in
addition to the original indication of combination use with non-biological DMARDs and the
registration of pen presentations for both strengths in addition to the original pre-filled
syringes.

In the first application to register sarilumab, the sponsor requested a dose of 200 mg
fortnightly which could be decreased to 150 mg fortnightly for patients with neutropaenia,
thrombocytopaenia and elevated liver enzymes. The clinical evaluator of that application
supported 150 mg fortnightly and the TGA’s advisory committee considered sarilumab to
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have an overall positive benefit-risk profile for the combination use indication but that the
recommended starting dose should be 150 mg fortnightly, which can be increased if there
is an inadequate response and there are no significant safety issues. Following this, further
discussions were held with the sponsor regarding the starting dose and advice was again
sought from the TGA’s advisory committee who confirmed a starting dose of 150 mg with
an option to increase the dose to 200 mg if clinically appropriate. During negotiations with
the sponsor to approve sarilumab with a starting dose of 150 mg, the sponsor withdrew
the application. The sponsor states that the ‘[re-submission] package addresses a number of
issues raised by the Delegate in relation to the overall benefit-risk assessment to justify

200 mg starting dose to ensure that there is a single dosing recommendation implemented
globally’.

There is one specific European Union (EU) guideline adopted by the TGA relevant to this
submission, besides the general guidelines:

e CPMP/EWP/556/95 Rev 1: Points to Consider on Clinical Investigation of Medicinal
Products other than NSAIDS for Treatment of Rheumatoid Arthritis.
Effective: 29 January 2007

Regulatory status

This is an application to register a new chemical entity in Australia. At the time the TGA
considered this application, similar applications had been approved in the EU, USA and
Canada. The approved indications in these countries which support combination use with
MTX or traditional DMARDs and as monotherapy at a dose of 200 mg fortnightly reducing
to 150 mg fortnightly for the management of neutropaenia, thrombocytopaenia and
elevated liver enzymes are shown in Table 1. The pen is approved in Europe.

Table 1: International regulatory status

Country Indication Recommended Dose

Approval

date

USA Kevzara is an interleukin-6 (IL- Monotherapy or in combination

22 May 2017 6) receptor antagonist indicated with MTX; 200 mg SC once every
for treatment of adult patients 2 weeks. Reduction to 150 mg SC
with moderately to severely once every 2 weeks for
active rheumatoid arthritis who management of neutropaenia,
have had an inadequate thrombocytopaenia, and liver
response or intolerance to one or enzyme elevation.
more disease-modifying anti-
rheumatic drugs (DMARDs).

Canada Kevzara (sarilumab) is indicated In combination with MTX or other
in the treatment of adult patients traditional DMARDs.

12 January . .

2017 with moderately to severely Monotherapy in cases of
active rheumatoid arthritis (RA) intolerance or contraindications
who have had an inadequate to MTX or DMARDs; 200 mg SC
response or intolerance to one or once every 2 weeks; reduction to
more biologic or non-biologic 150 mg SC once every 2 weeks for
Disease-Modifying Anti- management of neutropaenia,
Rheumatic Drugs (DMARDs). thrombocytopaenia, and liver

enzyme elevation.
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Country

Approval
date

EU
23 June 2017

Indication

Kevzara in combination with
MTX (MTX) is indicated for the
treatment of moderately to
severely active rheumatoid
arthritis (RA) in adult patients
who have responded

Recommended Dose

200 mg SC once every 2 weeks;
reduction to 150 mg SC once
every 2 weeks for management of
neutropaenia,
thrombocytopaenia, and liver
enzyme elevation.

inadequately to, or who are
intolerant to one or more disease
modifying anti rheumatic drugs
(DMARDs). Kevzara can be given
as monotherapy in case of
intolerance to MTX or when
treatment with MTX is
inappropriate.

Product Information

The Product Information (PI) approved with the submission which is described in this
AusPAR can be found as Attachment 1. For the most recent P], please refer to the TGA

website at <https://www.tga.gov.au/product-information-pi>.

ll. Registration time line

The following table captures the key steps and dates for this application and which are
detailed and discussed in this AusPAR.

Table 2: Registration timeline

Description Date
Submission dossier accepted and first 29 September 2017
round evaluation commenced

First round evaluation completed 7 March 2018
Sponsor provides responses on questions 7 May 2018
raised in first round evaluation

Second round evaluation completed 6 June 2018
Delegate’s Overall benefit-risk assessment 3 July 2018

and request for Advisory Committee advice

Sponsor’s pre-Advisory Committee 17 July 2018
response

Advisory Committee meeting 1-2 August 2018
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Description Date

Registration decision (Outcome) 12 September 2018

Completion of administrative activities and | 14 September 2018
registration on ARTG

Number of working days from submission 198 days
dossier acceptance to registration decision*

*Statutory timeframe for standard applications is 255 working days

Evaluations included under Quality findings and Nonclinical findings incorporate both the
first and second round evaluations.

lll. Quality findings

Drug substance (active ingredient)

Structure

Sarilumab (IgG1 isotype monoclonal antibody) is a covalent heterotetramer consisting of
two disulphide-linked human heavy chains, each covalently linked through a disulphide
bond to a human kappa light chain. There is a single N-linked glycosylation site (Asn296)
on each heavy chain, located within the CH; domain of the Fc constant region in the
molecule.

Figure 1: Structure of sarilumab antibody

Representation of the structure of sarilumab depicting the location of each of the intrachain and
interchain disulphide bonds (orange). Heavy (green) and light (blue) chains are connected by interchain
disulphide bonds; heavy chain dimerisation is achieved through two heavy chain intermolecular
disulphide bonds located within the hinge region. The Fc domain glycosylation site is also indicated
(cyan).

Physical and chemical properties

The physical and chemical properties are described in the table below (Table 3).
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Table 3: Physical and chemical properties of sarilumab

Characteristic Data Summary

Descniption Sanlumab 15 a recombinant human I2G1 1sotvpe
monaclonal antibody that specifically binds to the
membrana-bound and soluble forms of the interleukin-6
recepior alpha subunit (TL-6Fa).

Proposed mechanism of action Sarilumab binds specifically to both soluble and
membrane-bound IL-6 receptors (sIL-6Ra and mIL-6Ra),
and inhibits IL-6-mediated signaling.

Quaternary struchure Covalent heterotetramer consisting of two heavy chains
and rwo light chains

Predicted molscular weight based 143,873.7 Da (in the absence of N-linked glyvcosylation)
o primary sequence (without
heavy chain C-tenminal Lys“‘r

Average molecular weight of 10 1496 kD (standard deviation of 2.5)"
sanlumab DS charactenzation
samples, estimated by batch mulo-
angle laser light scanering
(MALLS)

All manufacturing steps have been validated.

Drug product

Apart from the active ingredient sarilumab, the drug product contains the excipients
L-histidine, L-arginine, sucrose, polysorbate 20 and water for injection.

Specifications

The release specifications for the pre-filled pen include a complete list of release tests and
acceptance criteria covering product solution properties, identity, strength, purity,
potency and functional performance. Several specific release tests are performed on the
bulk pre-filled syringe intermediate. Results obtained from testing of the bulk pre-filled
syringe (PFS) are used to release the final drug product presentation. Release testing
performed on the final pre-filled pen (PFP) includes appearance, identity, protein content
and functional performance testing. The PFP specification parameters and limits
correspond to those for PFS. Additional parameters (activation force, dose accuracy,
injection depth and time) were also included and validated for PFP.

Batch analyses

The results from batch analyses are within the release criteria and confirm consistency,
uniformity and the device functionality of the PFP.

Stability

Stability studies have been conducted in accordance with relevant International
Conference on Harmonisation (ICH) of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) guidelines.

Pre-filled syringe (PFS)

Recommended shelf life is 24 months storage at 2 to 8°C, protected from light. It is
recommended to use the syringe within 14 days after taking it out of the refrigerator or
insulated bag. Real-time stability data through to 30 months for three full-scale primary
stability batches of the pre-filled syringe PFS supported the proposed shelf life for PFS.
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Pre-filled pen (PFP)

The proposed shelf life is also 24 months when stored at 2-8°C, protected from light. This
is based on the shelf life of PFS. The stability data from the PFS was used to determine the
shelf life of the PFP. This approach is supported by side-by-side studies examining the
stability PFS and PFP when stored at elevated temperature. Real-time stability data
through to 18 to 24 months for two clinical batches of PFP for ach strength supported the
proposed shelf life for PFP.

Dose accuracy, injection time, injection depth, and activation force, were all within
specification limits.

Labelling

Mock-ups for the pre-filled pen 150 mg and 200 mg labels have been provided.
Information contained in the pre-filled pen labels is consistent with that for pre-filled
syringe. These labels have been assessed to comply with the requirements of the
Therapeutic Goods Order (TGO) 69 and TGO 91.

Quality summary and conclusions
There are no issues pertaining to stability of drug substance and drug product.

There are no objections to the registration of this product from sterility; endotoxin,
container safety and viral safety related aspects.

Overall, sufficient evidence has been provided to demonstrate that the risks related to the
manufacturing quality of Kevzara have been controlled to an acceptable level.

Recommendation regarding approval to the delegate

There are no objections on quality grounds to the approval of Kevzara.
Proposed conditions of registration for delegate

Batch release testing and compliance with Certified Product Details (CPD)

1. Itis acondition of registration that all batches of Kevzara imported
into/manufactured in Australia must comply with the product details and
specifications approved during evaluation and detailed in the Certified Product
Details (CPD).

2. Itis acondition of registration that each batch of Kevzara imported
into/manufactured in Australia is not released for sale until samples and/or the
manufacturer’s release data have been assessed and endorsed for release by the TGA
Laboratories Branch. Outcomes of laboratory testing are published biannually in the
TGA Database of Laboratory Testing Results.

3. The sponsor should be prepared to provide product samples, reference materials and
documentary evidence as defined by the TGA Laboratories branch. The sponsor must
contact Biochemistry.Testing@health.gov.au for specific material requirements
related to the batch release testing/assessment of the product. More information on
TGA testing of biological medicines is available [on the TGA website].

This batch release condition will be reviewed and may be modified on the basis of
actual batch quality and consistency. This condition remains in place until you are
notified in writing of any variation.
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Certified product details

The Certified Product Details (CPD), as described in Guidance 7: Certified Product Details
of the Australian Regulatory Guidelines for Prescription Medicines (ARGPM), in PDF
format, for the above products should be provided upon registration of these therapeutic
goods. In addition, an updated CPD should be provided when changes to finished product
specifications and test methods are approved in a Category 3 application or notified
through a self-assessable change.

IVV. Nonclinical findings

Introduction

Overall quality of the nonclinical dossier

The dossier of pharmacology studies consisted of original studies and covered the
mechanism of action as well as in vitro and in vivo efficacy in a murine joint inflammation
model. Sarilumab does not bind to mouse IL-6Ra, and therefore a surrogate murine
monoclonal antibody against mouse IL-6Ra (REGN844) was generated to conduct
pharmacology and reproductive and developmental toxicology studies in wild-type (WT)
mice.

A murine in vivo pharmacology study with sarilumab was performed in double-
humanised (IL-6hu/hu IL-6Rathu/hu) mice expressing human IL-6 and the human
ectodomain of IL-6Ra instead of the equivalent mouse gene products. All toxicology
studies were performed in responsive species, either in monkeys (using sarilumab) or
mice (using REGN844). The studies were Good Laboratory Practice (GLP) compliant and
generally appeared to be concordant with relevant guidelines.! The dossier was of
adequate quality to enable an assessment of the toxicity of the proposed product to be
conducted. In addition, the sponsor provided a number of studies published in the
literature describing the role of IL-6/IL-6R in normal cellular processes and in RA.

All of the original sarilumab toxicology studies were conducted with the same formulation
buffer and original manufacturing process (P1) used in the Phase I clinical trials. A new
process (P3, used in Phase III clinical trials) was only used in a bridging study in monkeys
(in which no toxicological differences were observed between process formulations P1
and P3).

Pharmacology

Primary pharmacology

Dysregulation of IL-6-type cytokine signalling contributes to the onset and maintenance of
several diseases, including RA, and in fact IL-6 is found in RA synovial tissue. The key
studies submitted with this application focussed on the ability of sarilumab (and its
murine surrogate) to block the interaction of IL-6Ra with IL-6 (and therefore to block
IL-6-induced receptor signalling). Three in vivo pharmacology studies were submitted,
one using sarilumab in a double humanised mouse (IL-6hu/hu[L-6ahu/hu), and two using
REGN844 in wild type mice.

1ICH Sé6: Preclinical Safety Evaluation of Biotechnology-Derived. Pharmaceuticals.
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IL-6 exerts its action through interaction with either a membrane bound or soluble form of
the IL-6 receptor (mIL-6R and sIL-6R, respectively). The sarilumab dissociation constant
(Kp) for human and monkey IL-6Ra was 54 and 123 pM respectively, whereas the
dissociation constant of REGN844 for mouse IL-6Ra was 193pM.

Sarilumab bound to monkey and human peripheral blood mononuclear cells (PBMCs), and
not to PBMCs of dogs, sheep, mini-pigs, rabbits, hamsters, guinea pigs, rats or mice.
Sarilumab also bound to human and monkey tissues with a very similar pattern of
immunohistochemistry staining. Specific staining was almost exclusively detected in the
cytoplasm and/or cytoplasmic granules in tissues of both species. Membrane staining was
not observed in any of the human tissues and only in mammary gland epithelium from one
monkey. The potential toxicological impact of the cytoplasmic binding is unknown but of
little concern since access to the antibody by the cytoplasm in vivo is not expected. Taken
together, the monkey was an appropriate species for the evaluation of the pharmacology,
pharmacokinetics and toxicology of sarilumab.

IL-6 is a cytokine from a family of mediators which modulate the immune response,
including induction of inflammation, and are involved in the regulation of the acute-phase
response to injury and infection. It is produced by T cells, monocytes and fibroblasts and
induces B cell and T cell proliferation and differentiation, as well as the differentiation of
macrophages, osteoclasts, and megakaryocytes. As anticipated from these functions, IL-6
also has a role in haematopoiesis, but is also implicated in liver and neuronal regeneration,
embryonic development and fertility. A pleiotropic effect of IL-6 is to be anticipated, since
the signal transducer in both cases is the gp (glycoprotein) 130 protein, the interaction
resulting in the activation of the JAK/STAT (Janus kinase/signal transducer and activator of
transcription) and MAPK (mitogen-activated protein kinase) cascades.

Sarilumab blocked IL-6 dependent STAT-3 activation in HepG2 human hepatocarcinoma
cells (expressing membrane-bound IL-6Ra), and trans-signalling (induced by a
combination of IL-6 and soluble IL-6R a) in an engineered human embryonic kidney
(HEK)-293 cell line over expressing gp130 but not expressing IL-6Ra. In vitro cell-based
assays for antibody-dependent cell-mediated cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC) did not detect Fc effector function activity associated with
sarilumab.

The mouse surrogate IL-6Ra antibody REGN844 bound mouse IL-6Ra (Kp 193 pM) with a
similar potency to that of sarilumab with human and monkey receptors (54 and 123 pM).
REGN844 inhibited the binding of human IL-6 to mouse IL-6Ra (50% inhibitory
concentration (ICso): 4 nM) and the (IL-6 induced) proliferation of a mouse B cell
hybridoma cell line (ICso: 110 pM).

Turpentine induced elevation of serum amyloid A (SAA; an inflammation biomarker) was
inhibited by sarilumab in double humanised (IL-6bu/bu]L-6Rohu/bv) male mice expressing
human IL-6 and the ectodomain of human IL-6Ra, and by REGN844 in wild type mice. In
these studies, there was a trend towards increased concentrations of circulating IL-6
(human or mouse), supporting the argument that circulating IL-6 cannot bind the
receptors since they are blocked by the antibody.

In the collagen-induced arthritis murine model, in which collagen was administered to
cause autoimmunity to collagen and inflammation of synovial joints, prophylactic
administration of REGN844 (10 or 30 mg/kg twice weekly) mitigated inflammation and
bone erosion.

Taken together, the results from the nonclinical studies described above support the
proposed mechanism of action (direct inhibition of the binding between IL-6 and IL-6Ra)
and the proposed indication.
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In mice, the serum IL-6 level was higher in the presence of the murine anti-IL-6R antibody;
REGN844 in this submission and MR16-1 in Mihara et al., (2002).2. Intravenous
administration of sarilumab increased serum IL-6 levels in monkeys (26 week IV study).
The most likely explanation is the displacement of IL-6 from the receptor, but a feedback-
mediated change in its synthesis or elimination in the presence of an anti-IL-6R-antibody
such as sarilumab may also be possible.

The rapid turnover rate of the IL-6R (half-life (Ts) of 2 to 3 h) combined with continuous
production of IL-6 during chronic inflammation suggests that a continuous presence of
sarilumab is required for effective receptor inhibition. The need for continuous sarilumab
presence was not evaluated due to the lack of a study using monkeys experiencing
inflammation.

Sarilumab suppressed the IL-6/sIL-6R-induced STAT3 activation in human gp130
overexpressing HEK293 cells, indicating that sarilumab/sIL-6R complexes are not
biologically active. Dissociation of IL-6 and sIL-6R from their preformed complex in vitro
due to sarilumab, and the effect of sarilumab on the levels or function of other
interleukins, were not investigated.

There was evidence in the published literature to suggest that IL-6 is involved in the
pathology of RA. Firstly, as reviewed by Wong et al.;3 [L-6-/- mice are protected against
joint inflammation and destruction in both collagen induced arthritis (CIA) and

antigen induced arthritis (AIA). While complete protection (no arthritis) was seen in one
(CIA) study,* amelioration (reduced severity and/or delayed onset) of arthritis was seen
in other studies (with both CIA and AIA). This protection was seen despite the expression
of both TNF and IL-1 in the inflamed synovium, indicating a particularly important role for
IL-6 in these models of disease. In one study, arthritis was reduced and failed to progress
to a chronic infiltrate in both AIA and zymogen-induced arthritis models in IL-6-/- mice.5
These findings suggest that IL-6 is important in either maintaining acute inflammation or
converting it into a chronic phase. Secondly, (as also noted in Wong et al, 2003) an IL-6
receptor (IL-6R) neutralising antibody suppressed the onset and reduced the severity of
CIA in mice. However, complete suppression of arthritis occurred only when the blocking
antibody was administered on Days 0 or 3, indicating that [L-6 is important in the early
phase of disease.

The only model of arthritis/inflammation investigated in this submission was in mice,
which received the surrogate antibody REGN844. Therefore radiological and
histopathological evidence of the therapeutic effect of sarilumab as such is missing in a
responsive species.

Secondary pharmacodynamics and safety pharmacology

In vitro and ex vivo studies in humans demonstrated that the decrease in circulating
neutrophil numbers following administration of IL-6 inhibitors may be due to these drugs
influencing neutrophil margination and/or re-uptake by the bone marrow, without
affecting neutrophil function and survival.

The dossier also included two studies which investigated the anti-tumour potential of IL-6.
In vitro, sarilumab blocked IL-6-induced STAT3 activation (in two human lung cancer cell

2 Mihara M, et al (2002). Influences of anti-mouse interleukin-6 receptor antibody on immune responses in
mice. Immunol Lett. 2002; 84: 223-229.

3 Wong PKK, et al (2003). The role of the interleukin-6 family of cytokines in inflammatory arthritis and bone
turnover. ACR Open Rheumatology 2003; 48: 1177-1189

4 Alonzi T, et al (1998). Interleukin 6 is required for the development of collagen-induced arthritis. ] Exp Med.
1998; 187: 461-468.

5 de Hooge, A.S.K, et al Involvement of IL-6, apart from its role in immunity, in mediating a chronic response
during experimental arthritis. Am J Pathol. 2000; 157: 2081-2091
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lines) and phosphorylation (in human prostate cancer and lung cancer cell lines).
Sarilumab also inhibited IL-6-induced proliferation of a human B-cell line dose
dependently. In vivo, sarilumab inhibited the growth of human prostate (Du145 cells) and
lung (A549, Calu3 and NCI-H1650 cells) tumour xenografts in immunocompromised mice.
Immunohistochemistry analysis of prostate cancer xenografts (DU145 cells) revealed
inhibition of growth associated with increased cleaved caspase-3 (marker of apoptosis)
immunostaining. Based on these results, and since IL-6 and STAT3 signalling play a role in
tumour progression, it is possible that sarilumab treatment may exert an inhibitory effect
on the growth of some tumours.

Cardiovascular, respiratory, and central nervous system evaluations were integrated into
the toxicology studies conducted in cynomolgus monkeys. There were no effects on
neurobehavioral parameters (including body temperature), or cardiovascular or
respiratory effects (including electrocardiogram (ECG)) in the repeat-dose toxicity studies
in monkeys, following doses up to 100 mg/kg/week SC for 13 weeks, or 50 mg/kg/week
IV for 26 weeks (dose ratios 25 and 12.5-fold the proposed clinical dose, respectively, on a
mg/kg/week basis). No potassium channel (hERG) assay was performed, which is
appropriate for biotechnology-derived therapeutic products.

Pharmacokinetics

The pharmacokinetic (PK) profile of sarilumab was assessed following single intravenous
(IV) and SC administration of sarilumab to rats and monkeys, and measuring free (rats) or
total (monkeys) sarilumab in serum. Toxicokinetic parameters were determined in the
general and reproductive, IV and SC toxicology studies in monkeys with sarilumab and in
the mice with REGN844. In addition, anti-sarilumab antibodies were also determined in
the toxicology studies to assess the impact of anti-sarilumab antibodies on sarilumab
exposure and to evaluate any toxicity associated with formation of anti-sarilumab
antibodies. Conventional metabolism studies were not conducted with sarilumab and
were not required. Plasma protein binding was not evaluated, which is acceptable as
sarilumab would not be expected to bind to plasma proteins. IgG molecules do not cross
the blood-brain barrier. Standard distribution, metabolism and excretion studies were not
conducted and are not required for an antibody. The pharmacological activity of the drug
in the species chosen for toxicity testing is the critical factor in the choice of species as the
metabolic pathways for antibodies are generally understood and are consistent between
species.

Bioavailability after SC dosing was 78% in monkeys after single dosing. The low volume of
distribution suggested that sarilumab was largely confined to the vascular compartment,
with limited extracellular fluid distribution. There was no evidence, in either rabbits or
cynomolgus monkeys, of a gender difference in the pharmacokinetics of REGN844 or
sarilumab, respectively.

Sarilumab crossed the placenta and/or was excreted in milk in monkeys, since infants
from mothers which received sarilumab up to parturition, had measurable levels of
sarilumab up to Day 30 of birth. Sarilumab is expected to be excreted into milk since it has
been established (in rodents) that IgG is excreted in milk and transferred to the suckling
offspring via the neonatal Fc receptor (FcRn) in the small intestine.é

In rats sarilumab showed linear pharmacokinetics which is expected in a species not
expressing the target receptor.

6 Israel EJ1, et al (1997). Expression of the neonatal Fc receptor, FcRn, on human intestinal epithelial cells.
Immunology 1997; 92: 69-74.
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Sarilumab exposure was continuous during repeated weekly dosing with sarilumab in
most of the monkeys treated. At doses of less than 5 mg/kg/week, continuous exposure to
sarilumab was not observed, likely due to the production of anti-sarilumab antibodies. In
monkeys, sarilumab exposure increased dose-proportionally between 5 and

100 mg/kg/week, and accumulation was observed. The Ty, of sarilumab was long in
monkeys and humans.

Development of anti-sarilumab antibodies was observed in most monkeys receiving 0.5 to
2 mg/kg/week, whereas minimal anti-sarilumab antibodies development was observed in
animals receiving = 15 mg/kg/week. The presence of anti-sarilumab antibodies responses
was not unexpected due to the foreign (human) nature of the antibody to monkeys,
however the draft Product Information document (dated 6 January 2016) states that 9.2%
of patients treated with Kevzara monotherapy exhibited an anti-sarilumab antibody
response, with 6.9% of patients also exhibiting neutralising antibodies.

Sarilumab concentrations following higher doses were more than dose-proportional, and
anti-sarilumab antibodies were not observed at the end of the recovery period, when
sarilumab concentrations had reached low levels. Therefore the lack of an anti-sarilumab
antibody response at doses = 15 mg/kg/week may reflect the potential for the high
circulating drug concentrations to interfere in the anti-sarilumab antibodies assay, or may
indicate that high circulating sarilumab concentrations have caused immune tolerance. No
toxicities related to anti-sarilumab antibodies were observed.

In humans (RA patients), the population pharmacokinetics of sarilumab (peak plasma
concentration (Cmax)), area under the plasma concentration versus time curve (AUC) and
lowest plasma concentration reached before the next dose is administered (Cirough)) Were
more than dose proportional and accumulation was observed due to the drug’s non-linear
clearance and long half-life.

The potential differences in exposure between different sarilumab lots derived from
different formulations and manufacturing processes were assessed in a study in monkeys
of 13 weeks duration. No significant differences were observed in the different lots used
(the formulation used in most nonclinical toxicological studies was also used in Phase I
clinical trials, whereas the second formulation was used only in the comparative study but
had been used in Phase IlI clinical trials). There were no nonclinical studies with
sarilumab in combination with other drugs (such as MTX) to support its clinical use with
other drugs.

Overall, the pharmacokinetic profiles in the laboratory animal species used in the pivotal
repeat-dose toxicity studies (monkeys) were sufficiently similar to allow them to serve as
appropriate models for the assessment of the drug’s toxicity in humans.

Pharmacokinetic drug interactions

No nonclinical drug interactions studies were conducted. The proposed PI does state that
‘Kevzara has not been investigated in combination with JAK inhibitors or biological
DMARDs. Clinical pharmacokinetic studies must be evaluated since this drug is indicated
to be used concomitantly with other drugs.

Toxicology

Acute toxicity

No studies were submitted, and this is acceptable since acute toxic effects could have been
ascertained from the repeat-dose studies. In those studies, the maximum non-lethal dose
was the maximum dose administered SC for 13 weeks, that is 100 mg/kg/week.
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No mortality was observed following IV administration of sarilumab for 26 weeks at
50 mg/kg/week.

Repeat-dose toxicity

Toxicology studies were all conducted in accordance with ICH guidelines, and included
repeat-dose studies of up to 6 months duration in cynomolgus monkeys, an embryo-foetal
development study in mice (using REGN844), and a pre/postnatal study in cynomolgus
monkeys. The formulations in the toxicology studies used excipients similar to those used
in the clinical trials. The SC and IV routes of administration were used in the nonclinical
studies to support the proposed route of administration of sarilumab to patients (SC).

In mice, REGN844 was used to study the effects of IL-6Ra inhibition in reproductive and
developmental toxicology studies, in a fertility study, and in juvenile toxicology studies.
The REGN844 chosen for the mouse toxicology study (200 mg/kg/week) was significantly
higher than the dose (5 mg/kg) which reduced turpentine-induced inflammation in this
species. Continuous exposure to REGN844 was observed in mice in the 4 week studies.

Justification of the use of the cynomolgus monkey as the main species for the nonclinical
safety evaluation of sarilumab is discussed under ‘Pharmacology’ above. The clinical (SC)
route was used in some of the toxicology studies. The weekly dosing frequency used with
the cynomolgus monkey was greater than that proposed for humans (2 weekly), and since
the half-life was comparable in cynomolgus monkeys and in humans, this dosing regimen
adequately mimicked or exaggerated conditions under which sarilumab is proposed to be
used in humans (accumulation was also observed at the higher doses). While the duration
of human treatment with sarilumab has not been specified, 6 month studies in monkeys
are usually acceptable for toxicity tests of a biotechnology-derived pharmaceutical for
chronic indications. The mouse study with REGN844 was of 4 weeks duration but given
the length of the pivotal monkey study and the fact that the substance used in the mice
was not sarilumab, this was acceptable.

Relative exposure

Doses of sarilumab administered in the repeated-dose toxicity studies ranged from 1 to

50 mg/kg/week IV for up to 26 weeks, and 2 to 100 mg/kg/week SC for 13 weeks.
Toxicokinetic data in the SC study were restricted to Ciough and mean serum concentration
values. As anti-sarilumab antibody formation only occurred at lower doses the AUC data in
the table below is considered valid. Although the AUC data were tabulated for comparison
purposes, the dose ratios (based on mg/kg/week) are a better indicator of the relative
exposure, because molecules as large as sarilumab are likely to be confined to the
vasculature.

In cynomolgus monkeys, Day 1 levels were not maintained for the full duration of the
study in a number of animals at the low dose (LD) and mid dose (MD), but at the high dose
(HD) serum concentrations were maintained throughout the study in all animals as no
animal developed anti-sarilumab antibodies, and AUC values were higher on the last
sampling day than on Day 1 (Table 4). Therefore, the AUC values from the last sampling
period (representing an adequate level of exposure to sarilumab) were used. Exposure to
sarilumab was maintained in an adequate number of antibody-negative animals to
sufficiently characterise its toxicity.

In summary, the doses administered in the toxicology studies exceed those in the clinical
trials and provided substantially higher exposures relative to those achieved clinically.
Estimated exposure levels in monkeys during the toxicity studies and a comparison to
expected human sarilumab exposure are tabulated below in Table 4.

Anti-sarilumab antibodies were induced in a number of studies, particularly at doses of <
15 mg/kg/week, and resulted in a reduction in exposure to sarilumab in some animals.
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However, exposure to sarilumab was maintained in an adequate number of negative
animals to sufficiently characterise its toxicity.

Table 4: Relative exposure in repeat-dose toxicity studies in monkeys

O
Based on Based on
AUC dose

REGN88- 5 16800 33600 3.5 2.5
TX-06040

(5 weeks) 10 28050 56100 5.9 5
I\ 40 159500 319000 33.6 20
REGN88- 1 389 778 0.1 0.5
TX-06037

(13 weeks) 10 61550 123100 13.0 5
v 50 258313 516626 54.5 25
REGN88- 0.5 186 372 0.04 0.3
TX-08031

(26 weeks) 5 22892 45784 48 2.5
v 15 90371 180742 19.1 7.5

50 381040 762080 80.4 25

REGN88- 5 37260 74520 7.9 2.5
TX-08030

(145 days; 15 124845 249690 26.3 7.5

re ost

pre/p 50 396455 792910 83.6 25
natal) IV

REGN88- 2 ND - - 1
TX-06038

(13 weeks) 10 ND ) ) 5
SC 30 ND - - 15

100 ND - - 50

POH0428; 2a - 9480b - -
(population

PK)

RA patients

# = animal: human; a: 200 mg every 2 weeks to a 50-kg patient; b: AUC0-14 days of 395 mg.day/L was
multiplied by 24 to convert to pg.h/mL; ND: not determined; - : not applicable
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Major toxicities

There was no indication from the repeat-dose toxicity studies of any target organ toxicity.
The only effects observed were due to the pharmacological activity of sarilumab (IL-6Ra
inhibitor).

Sarilumab caused moderate and (at least partially) reversible decreases in serum
fibrinogen and serum CRP levels. Apart from the effects on fibrinogen, sarilumab did not
cause any other effects on haemostasis (platelet counts, prothrombin time and activated
partial thromboplastin time (APTT)).

Although IL-6R is expressed on early myeloid progenitors, stem cells and bone marrow
stroma cells, the only effect observed in monkeys was neutropaenia and lower primary
and secondary IgG responses following an antigen (keyhole limpet haemocyanin)
challenge. No instances of pancytopaenia, aplastic anaemia or bone marrow effects were
observed. Furthermore, no increased incidences of infection were observed.

According to the sponsor’s Clinical Overview and draft PI, elevations of hepatic
transaminases have been observed with sarilumab treatment in clinical trials, but without
progression to serious hepatic injury. No elevations of hepatic transaminases were seen in
the toxicology studies, even when IL-6 was significantly elevated in the 26 week study in
cynomolgus monkeys.

No hypersensitivity reactions (observed in patients), or any effect on organ weights,
macroscopic or microscopic pathology, immunophenotypic analysis, or clinical signs, were
observed in any of the studies in monkeys. Anti-sarilumab antibodies, developed in
monkeys receiving doses of < 15 mg/kg/week, did not cause any apparent toxicological
effect. After SC administration, injection sites displayed moderate inflammatory infiltrates
(which is not unexpected after SC injection of concentrated human proteins).

Considering the mechanism of action of sarilumab, effects on the immune system may
have been anticipated, but there were no sarilumab related effects on the morphology of
any organ (including of the immune system). Overall, there was little evidence of toxicity
of sarilumab following weekly treatment to monkeys.

Genotoxicity and carcinogenicity

The range and type of genotoxicity studies routinely conducted for small molecule
pharmaceuticals are not applicable to biotechnology-derived products! and therefore, a
full battery of tests was not conducted. It is not expected that a monoclonal antibody such
as sarilumab would interact directly with deoxyribonucleic acid (DNA) or other
chromosomal material.

The mechanism of action of sarilumab is not expected to be carcinogenic. No preneoplastic
lesions were observed in cynomolgus monkeys administered sarilumab for up to 26
weeks, although this time span is relatively short in the lifespan of this species.

Furthermore, in vivo, sarilumab inhibited the growth of human prostate (Du145 cells) and
lung (A549, Calu3 and NCI-H1650 cells) tumour xenografts in immunocompromised mice.
Immunohistochemistry analysis of prostate cancer xenografts (DU145 cells) revealed
inhibition of growth associated with increased cleaved caspase-3 (marker of apoptosis)
immunostaining. Based on these results, and since IL-6 and STAT3 signalling play a role in
tumour progression, it is possible that sarilumab treatment may exert an inhibitory effect
on the growth of some tumours.

Based on the lack of mechanistic concern, and the data described above, carcinogenicity
studies with sarilumab were not considered necessary, consistent with the approach in
current regulatory guidelines.
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Reproductive toxicity

A fertility study was conducted in mice, in which the effects of inhibition of IL-6Ra on
fertility were investigated using the murine specific surrogate REGN844 (sarilumab was
not pharmacologically active in rats, mice or guinea pigs). Some additional fertility
endpoints (such as reproductive hormones, menstrual cycling and sperm analysis) could
have been not included in the repeat-dose toxicity studies in cynomolgus monkeys, and an
embryofetal development study could have been performed with the surrogate murine
antibody.

In the REGN844 study in mice, an increased incidence of implantation site degeneration
was observed microscopically at the HD, however no other drug-related effects were
observed in reproductive indices (mating, fertility and pregnancy), and the significance of
the finding is not known.

There was evidence of cross-reactivity of sarilumab with (cytoplasm and/or cytoplasmic
granule in) human reproductive tissues (prostate, oviduct, cervix, endometrium, placenta)
but no evidence from the repeat-dose toxicity studies in mice (with REGN844) or
cynomolgus monkeys (with sarilumab) of an effect of IL-6Ra block on the reproductive
organs of either males or females.

Embryofetal development studies were not conducted in mice or monkeys, and these
studies would have been advisable. However a pre/postnatal development study was
performed in monkeys and it included dosing from gestational day (GD) 20, which is the
beginning of organogenesis in monkeys (equivalent to Week 3 in a human pregnancy),
until GD165 (natural delivery). Exposure began at implantation and continued until at
least postnatal day (PND) 30 at all doses both in mothers and offspring (offspring were
then euthanised).

There was no evidence of teratogenicity, although the number of offspring was limited.
Offspring were examined for malformations/variations (organ measurements,
macroscopic observations and skeletal examination by X-ray imaging).

Increases in pregnancy loss, premature births, stillbirths, neonate deaths post-birth and a
decrease in infants surviving to Days 30 to 32 of birth were observed in the

50 mg/kg/week dose group compared to vehicle control and lower dose groups (see
Table 5, below).

Table 5: Adverse events reported from reproductive study in monkeys

Finding Dose (mg/kg/week)

15

Abortion/embryofoetal death 3/12 3/12 4/12 3/12
ratio (and percentage) (25%) (25%) (33.3%) (25%)
Premature/preterm birth 0 0 0 2
(incidence)
Pregnancy loss (and percentage) 5/12 4/12 6/12 6/12

(41.7%) (33.3%) (50%) (50%)
Stillbirth ratio (and percentage) 2/9 1/9 2/8 3/9

(22.2%)2 (11.1%) (25%) (33.3%)
Neonate deaths post birth 1 (14%) 1 (12%) 1 (14%) 2 (33%)
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Finding Dose (mg/kg/week)

Infants surviving to BD30-32 6 7 5 4

a = one animal that received emergency C- section due to dystocia and neonate died on Day 2 after birth was included
in stillbirth

The study report stated that:

* the stillbirth ratios in the treatment groups were ‘comparable’ to the testing facility’s
historical control data (13.6%, ranging from 0 to 33.3%);

* monkeys were observed in a breech delivery position in 1/2 of the stillborn in the
control group and in 2/3 of the stillborn in the 50 mg/kg/week group;

* it has been reported that around 66% of cynomolgus monkeys in a breech position
1 day before parturition deliver stillborn neonates (rate is only 1% if the animals are
in the correct cephalic position); and therefore

* ‘naturally occurring’ breech deliveries are a major cause of stillbirth in cynomolgus
monkeys.

These arguments, as well as the following facts, may suggest the possibility that the higher
stillbirth ratio and total pregnancy loss rates observed in the groups given 50 mg/kg/dose
sarilumab could be spontaneous:

» differences were not statistically significant;
¢ the values were within historical control values; and

* the findings occurred at high systemic exposure margins (= 26 times that anticipated
at the maximum human dose).

However, the low number of animals in the study does not provide sufficient assurance
regarding the validity of the results to inform the conclusion on reproductive safety of
sarilumab. The apparent dose response relationship in some of the findings in this study
means that the possibility that these findings were actually related to treatment with
sarilumab cannot be dismissed. Also, there is no evidence that the 2/3 breech position
animals were not somehow related to dysregulation of the IL-6 pathways since they are
important for the maintenance of pregnancy (see below). The mechanism behind the
trend suggesting embryo-foetal toxicity is unclear. Nonetheless, there is evidence to
suggest that impaired IL-6 activity may affect human reproduction:

e  Unlike the leukaemia inhibitory factor (LIF) and IL-11 members of the IL-6 cytokine
family, IL-6 is not essential for successful pregnancy, but is likely to play a modulating
role during embryo implantation and placental development.

* Genetic IL-6 deficiency is linked with elevated fetal resorption and a delay in
parturition in mice.

* Increased IL-6 trans-signalling is associated with unexplained infertility.

* Recurrent miscarriage is accompanied by evidence of increased IL-6 trans-signalling
systemically, but reduced IL-6 expression in the endometrium.

e Preterm birth is associated with elevated maternal serum and amniotic fluid IL-6, and
IL-6 trans-signalling may also be increased.

* In preeclampsia, maternal serum levels of [L-6 are often increased, whereas placental
IL-6 production appears decreased;? and

7 Prins JR, et al. Interleukin-6 in pregnancy and gestational disorders. ] Reprod Immunol. 2012; 95: 1-14.
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* [L-6 expression appears to be a determinant of uterine receptivity at embryo
implantation.8910

There is a possible contribution of IL-6 to infertility and miscarriage, with evidence that
both elevated and diminished IL-6 bioavailability due to altered expression of IL-6 ligand
and/or its signalling regulators might contribute to them, perhaps through acting in both
stimulating and inhibitory roles in different cell-cell signalling pathways, and presumably
depending on the balance of factors, such as IFN and TLR4 ligands.” A complex
relationship between IL-6 pathways and reproduction exists, and therefore the apparent
absence of (statistically significant) effects on fertility (in mice with REGN844) and
pre/postnatal development (in monkeys, with sarilumab) may not necessarily be reflected
in humans. In vitro studies indicated that elevated levels of IL-6 impaired implantation!!
and elevated levels were seen in peritoneal fluid of patients with endometriosis,!2 and
implicated in impairment of ciliary beat frequency in the human Fallopian tube.13 In
animal studies, elevated IL-6 led to apoptosis of germ cells from rats.14 There may also be
species differences in the complex effects of IL-6 on the reproductive system.

Effects of sarilumab observed in monkeys are reminiscent of those of tocilizumab, another
IL-6R inhibitor. Administration of tocilizumab in an embryofetal development study in
monkeys caused a dose related (but statistically non-significant) increase in the incidence
of abortion or embryo-foetal deaths, at high (= 35) relative exposures. This effect was
described in the PI document of tocilizumab and that drug was given a Pregnancy
Category of C.

In summary, the possibility that due to its pharmacological properties sarilumab causes
higher stillbirth ratios and pregnancy loss rates cannot be ruled out. Due to the current
uncertainty regarding the causal effects of inhibitors of the IL-6R on stillbirths, embryo-
fetal deaths, abortion and/or pregnancy loss observed at high doses, it is envisaged that all
drugs of this class will receive a Pregnancy Category of C.15 This category may be reviewed
in the future if sufficient clinical evidence or other mechanistic evidence is available.

Relative exposure

The animal:human relative exposure is summarised in Table 6 below.

8 Lim K] et al (2000). The role of T-helper cytokines in human reproduction. Fertil Steril. 2000; 73: 136-142.
9 Jasper M] et al (2006). Reduced expression of IL-6 and IL-1a mRNAs in secretory phase endometrium of
women with recurrent miscarriage. ] Reprod Immunol. 2006; 73: 74-84.

10 Sharkey DJ et al (2007). Seminal plasma differentially regulates inflammatory cytokine gene expression in
human cervical and vaginal epithelial cells. Molecular Human Reproduction. 2007; 13: 491-501

11 Smith SK et al (1998). The role of leukaemia inhibitory factor and interleukin-6 in human reproduction.
Hum. Reprod. 1998; 13(Suppl. 3):237.

12 [wabe T et al (2002). Role of cytokines in endometriosis-associated infertility. Gynecologic and Obstetric
Investigation. 2002; 53: 19-25

13 Papathanasiou A et al (2008). The effect of IL-6 on ciliary beat frequency in the human Fallopian tube. Am
Soc Reprod Med. 2008; 90: 391-394

14 Rival C et al (2006). IL-6 and IL-6 receptor cell expression in testis of rats with autoimmune orchitis. Reprod
Immunol. 2006; 164
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Table 6: Relative exposure in reproductive toxicity studies

Study, Dose AUC for Exposure ratio# (over

duration & mg/kg/week 2 weeks 2 weeks)
route pg.h/mL

Based
on AUC on dose

TX-08030 5 37260 74520 8 2.5

Pre-
/postnatal
development
(GD20- 50 396455 792910 84 25

GD165) IV

15 124845 249690 26 7.5

POH0428; 2a - 9480b - -
(population
PK)

Rheumatoid
arthritis
patients

# = animal: human; a: 200 mg every 2 weeks to a 50-kg patient; b: AUCo-14 days of 395 mg.day/L was
multiplied by 24 to convert to pg.h/mL; - : not applicable

Exposures in pregnant monkeys were very similar to those in monkeys at the same doses
(genders combined) in the repeat-dose toxicity study (26 weeks IV). The relative exposure
ratios achieved in cynomolgus monkeys were high. In cynomolgus monkeys, serum
sarilumab concentrations were not affected by neutralising antibodies: only 3/12 females
at the LD developed anti-sarilumab antibodies, so all animals remained adequately
exposed throughout the study.

Pregnancy classification

Placental transfer of sarilumab to the foetus was seen in cynomolgus monkeys and this is
consistent with the physiological properties of IgG1 antibodies. Although
immunoglobulins can be excreted in milk, excretion of sarilumab in milk was not
investigated. It is not certain that infants would be exposed during breast feeding because
the protein is likely to be metabolised to smaller peptides before absorption in the gut.

The sponsor has proposed Pregnancy Category C,15 which is consistent with tocilizumab;
another drug of the same class. There were no treatment-related adverse findings in
foetuses in the cynomolgus monkey infants. Given the long half- life of sarilumab,
consideration needs to be given to the newborn if this drug is administered during
pregnancy. Although there was no evidence from the monkey study that gestational
exposure had an adverse effect on the infants, animal numbers were low.

Since it is likely that owing to its pharmacological effects, sarilumab causes harmful effects
on the human fetus or neonate without causing malformations, and in line with the
pregnancy category of another drug of the same class displaying similar findings, a
Pregnancy Category of C is appropriate.

15 Australian Pregnancy Category C: Drugs which, owing to their pharmacological effects, have caused or may
be suspected of causing, harmful effects on the human fetus or neonate without causing malformations. These
effects may be reversible. Accompanying texts should be consulted for further details.
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Local tolerance

The assessment of local tolerance was incorporated in repeat-dose toxicology studies in
cynomolgus monkeys by macroscopic and microscopic evaluation of IV infusion and SC
injection sites. No findings related to sarilumab administration were observed following [V
infusion. In the 3 month SC monkey toxicology study, minimal to moderate perivascular
mixed inflammatory cell infiltrates were observed in the dermis and/or the subcutis of
sarilumab-treated monkeys. The findings, with sarilumab concentrations between 50 and
70 mg/mL, were partially reversible following a 12 week recovery period, and the
incidence and severity were not dose-dependent.

These findings most likely represent a local reaction to the SC injection of concentrated
protein rather than a specific adverse effect of sarilumab as such.

In mice, REGN844 caused only a slight increase in the incidence and severity of mixed
inflammatory cell infiltrates at the injection site at = 50 mg/kg/week SC. There were no
REGN844-related injection site findings at 10 mg/kg/week SC or 25 mg/kg/week IV.

Paediatric use

Sarilumab is not proposed for paediatric use and no specific studies using sarilumab in
juvenile animals were submitted. In a study in mice using a murine surrogate of sarilumab
(REGN844), administration of up to 200 mg/kg/week SC to 8 to 10 week old mice for

4 weeks did not cause any observable adverse effect. In juvenile mice treated with
REGN844 up to 200 mg/kg/week from PND 14 to sexual maturity (for 9 weeks), there
were no observable adverse effects apart from reversible effects associated with the
injection of proteinaceous material and/or self-trauma secondary to minor inflammation
at the injection site. The no observable adverse effect level (NOAEL) in both murine
studies was therefore 200 mg/kg REGN844 /week.

Nonclinical summary

* An acceptable package of nonclinical studies was submitted, with pivotal toxicology
studies conducted in compliance with GLP regulations and with studies broadly in
accordance with relevant guidelines.

* Sarilumab (and its murine surrogate) blocked the interaction of IL-6Ra with IL-6, and
therefore blocked IL-6-induced receptor signalling. The sarilumab Kp for human and
monkey IL-6Ra was 54 and 123 pM respectively, whereas the dissociation constant of
REGN844 (a mouse surrogate IL-6Ra antibody created to support studies in wild type
(WT) mice since sarilumab does not bind to mouse IL-6Ra) for mouse IL-6Ra was
193pM.

* Sarilumab blocked IL-6 dependent activities by blocking membrane bound and soluble
IL-6Ra, and did not have any Fc effector function as assessed with ADCC and CDC
assays.

e Sarilumab (in IL-6/IL-6Ra humanised mice) and REGN844 (in wild type mice)
inhibited the elevation of an inflammation biomarker (turpentine-induced elevation of
SAA). REGN844 mitigated inflammation and bone erosion in WT mice with (collagen-
induced) arthritis. No monkey models of inflammation were evaluated. Increased
concentrations of IL-6 were observed in mice and monkeys, supporting the argument
that circulating IL-6 cannot bind the receptors since they are blocked by the antibody.
REGN844 inhibited the binding of human IL-6 to mouse IL-6Ra (IC50: 4 nM) and the
(IL-6 induced) proliferation of a mouse B cell hybridoma cell line (IC50: 110 pM).
Sarilumab/sIL-6R complexes were not biologically active. Dissociation of IL-6 and sIL-
6R from their preformed complex in vitro due to sarilumab was not investigated.
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* The cynomolgus monkey showed adequate specific cross-reactivity with sarilumab in
a panel of normal tissues in tissue binding studies. Based on the binding activity, the
cynomolgus monkey was appropriately chosen as the main species for toxicity testing.

» Safety pharmacology studies were incorporated with the repeat-dose toxicity studies
in monkeys. No adverse effects were seen on neurobehavioral parameters, body
temperature, or cardiovascular or respiratory effects (including ECG) in monkeys after
repeated dosing for up to 26 weeks.

* An acceptable range of pivotal toxicity studies with sarilumab was conducted in one
species, the cynomolgus monkey, which was adequately confirmed as a relevant
human model in terms of both pharmacodynamic response to sarilumab and
pharmacokinetics. The formulations used in Phase I clinical trials, with excipient
profile similar or identical to that proposed for registration were used for all
nonclinical studies. No differences in pharmacokinetics or toxicity were observed in
monkeys when Phase I and Phase III formulations were compared.

* Serum pharmacokinetics after [V administration of sarilumab were adequately
characterised in cynomolgus monkeys. After a single [V dose in monkeys, sarilumab
showed limited distribution, slow clearance and a long terminal T1,,. There were no
gender differences. Accumulation with repeated (weekly) dosing was consistent with
the drug’s long T1,,. Conventional studies of the distribution, metabolism and
excretion of sarilumab were not conducted in animals, which is acceptable. There were
no non-clinical drug interaction studies. Sarilumab crosses the placenta and is
expected to be excreted into milk. Bioavailability after SC dosing was 78% in monkeys
after single dosing.

* Anti-sarilumab antibodies were observed in most monkeys receiving 0.5 to
2 mg/kg/week, but generally not in animals receiving = 15 mg/kg/week. Exposure to
sarilumab in monkeys was adequate to ascertain its potential toxicity. The draft PI
notes the presence of anti-sarilumab antibodies responses, including neutralising
antibodies, in 7 to 9% of patients.

* There was no indication from the repeat-dose toxicity studies of any target organ
toxicity. Even at the highest doses tested in monkeys, sarilumab was well tolerated. In
monkeys, the maximum doses used in the SC and IV toxicity studies were up to 25
(based on dose) to 80 (based on AUC) times the exposure in patients. The only effects
observed were due to the predictable pharmacological activity of sarilumab as an IL-
6Ra inhibitor: moderate and (at least partially) reversible decreases in neutrophil
levels, lower primary and secondary IgG responses following an antigen (KLH)
challenge, moderate and (at least partially) reversible decreases in serum fibrinogen
and serum CRP levels, and reversible increases in circulating IL-6.

* There were no nonclinical studies with sarilumab in combination with other drugs,
including MTX.

* The range and type of genotoxicity studies routinely conducted for small molecule
pharmaceuticals are not applicable to biotechnology-derived products! and therefore,
a full battery of tests was not conducted. It is not expected that a monoclonal antibody
such as sarilumab would interact directly with DNA or other chromosomal material.

* Nonclinical studies investigating genotoxicity or carcinogenicity were not conducted
with sarilumab. Sarilumab was not pharmacologically active in mice or rats. Sarilumab
dose dependently inhibited [L-6-induced proliferation of a human B-cell line, and in
vivo it inhibited the growth of human prostate and lung tumour xenografts in
immunocompromised mice. The inhibition of growth in the prostate cancer xenografts
was associated with increased cleaved caspase-3 (marker of apoptosis)
immunostaining. It is therefore possible that sarilumab treatment may exert an
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inhibitory effect on the growth of some tumours. No preneoplastic lesions were
observed in cynomolgus monkeys administered sarilumab for up to 26 weeks. The
mechanism of action of sarilumab is not expected to be carcinogenic.

* The effects of sarilumab on male or female fertility, including implantation, were not
investigated (there was no evidence for adverse histopathology in reproductive
tissues assessed in the 26 week repeat dose toxicity studies, although sarilumab cross-
reacted with some reproductive tissues (to cytoplasm and/or cytoplasmic granules) in
tissue cross-reactivity studies). However, no effects on fertility were observed when
IL-6Ra block was investigated using the surrogate antibody REGN844 in mice.

+ A pre/post-natal development study was performed in pregnant cynomolgus monkeys
given IV sarilumab at 5, 15 or 50 mg/kg/week from early organogenesis (GD 20) until
natural delivery (GD 165). There was evidence that sarilumab induced stillbirths and
pregnancy loss in cynomolgus monkeys when administered during the period of
organogenesis (GD an AUC basis). While this finding was inconclusive, it could not be
ruled out, and has been noted in the draft PI. Treatment with sarilumab had no effect
on in-life maternal parameters and no evidence of teratogenicity at doses up to 50
mg/kg/week IV. No adverse effects were observed in dams or infants (the latter were
observed for only 30 days after birth). Sarilumab crossed the placenta (expected for an
IgG1 antibody) and remained detectable in infant serum until PND 30 (last
measurement day). Excretion into milk was not investigated.

»  Studies where REGN844 was administered to juvenile WT mice did not identify
particular toxicity related to block of IL-6R in growing animals. Sarilumab is only
indicated in adults.

Nonclinical conclusions and recommendation

* The pharmacology, pharmacokinetics and toxicology of sarilumab were adequately
investigated in the submission using appropriate in vitro and in vivo nonclinical
models.

*  The primary pharmacology studies support the drug’s mechanism of action.

* The activity of sarilumab in animal models of RA was not investigated. Demonstration
of efficacy for the proposed indication will therefore rely on clinical data.

* Haematological effects were the main toxicologically significant findings in
cynomolgus monkeys. These were consistent with an exaggerated pharmacological
effect arising from IL-6 receptor blockade. These effects were observed at doses
significantly greater than the maximum anticipated human dose.

* No target organs of toxicity were identified. Sarilumab is not considered to pose a
genotoxic or carcinogenic hazard and is not teratogenic.

«  Sarilumab should be classified as Pregnancy Category C (as proposed by the sponsor),
consistent with that of the currently registered IL-6 blocker, tocilizumab. A trend for
increasing adverse outcomes in monkey pregnancies has been observed for both
tocilizumab (abortions and/or embryo-foetal deaths) and sarilumab (stillbirths and
pregnancy loss), albeit at high relative exposures for both drugs. Given these findings
and the current lack of full understanding of the complexities of the role of IL-6 role in
pregnancy, a Pregnancy Category C and a statement of the animal pregnancy findings
in the Pl is appropriate.

* Nononclinical data were submitted to support the use of sarilumab in combination
with MTX and/or other DMARDs. The safety of the use of sarilumab in combination
with DMARDs will therefore rely on clinical data.
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* There are no nonclinical objections to registration. Amendments to the draft Pl were
recommended but these are beyond the scope of this AusPAR.

V. Clinical findings

A summary of the clinical findings is presented in this section.

Introduction

The approach to the evaluation of the current submission has been to fully evaluate the
new clinical data (Phase III Study EFC14092 (the MONARCH trial); and the Phase I

Study MSC12655), summarise the previously submitted key clinical pharmacology,
efficacy and safety data, and prepare an integrated clinical evaluation report (CER) based
on the relevant data from the initial submission and the re-submission. The clinical
evaluation also includes a detailed integrated first-round benefit-risk assessment based on
the new and old data (see below). It is considered that inclusion of a detailed first-round
benefit-risk assessment was the most appropriate way to review and evaluate the totality
of the efficacy and safety data provided in the initial submission and the re-submission.

Clinical rationale

In the re-submission covering letter of August 2017 the sponsor reviews the current
treatment options for RA and concludes that there remains an unmet need for therapies
that provide sustained benefit over long periods of time, and for patients who respond
inadequately to DMARDs or TNF antagonists or who are intolerant to TNF antagonists.

In addition, as part of its Note to Evaluator, dated 29 August 2017, the sponsor provided a
‘clinical consensus’ statement endorsed by 7 Australian rheumatologists outlining current
best Australian clinical practice for the treatment of RA. The ‘clinical consensus’ states that
‘best clinical practice in Australia is to treat [RA] aggressively and early with the same treat
to target approach used in Europe and the USA. This is done in order to prevent irreversible
joint damage, and optimise disease control’.

The consensus refers to the use of tocilizumab and states that ‘in Australia, tocilizumab is
accessible at two different doses for its intravenous (IV) formulation (8 mg/kg or 4 mg/kg)
and two doses frequency for its subcutaneous (SC) formulation (weekly or fortnightly).
Australian rheumatologists start patients on 8 mg/kg IV or weekly SC to maximize the
chance of controlling active disease’. Therefore, it is inferred that ‘sarilumab would also be
started at the highest available dose (200 mg) as it is the most effective dose to avoid joint
damage based on the clinical data’.

The Australian PI for tocilizumab for adult patients with RA recommends 8 mg/kg [V
every 4 weeks or 162 mg SC once every week (qw). In the USA prescribing information for
tocilizumab, the recommended starting dose is 4 mg/kg IV every 4 weeks followed by an
increase to 8 mg/kg IV every 4 weeks based on clinical response, or 162 mg SC every other
week followed by an increase to every week based on clinical response for patients

<100 kg in weight and 162 mg SC every week for patients = 100 kg.

As regards neutropaenia, the consensus states that patients on sarilumab will be managed
in the same way as patients receiving other RA treatments (that is, laboratory monitoring,
patient education, general practitioner (GP) education). In particular, the consensus notes
that monitoring for neutropaenia in patients on sarilumab in remote regions will not differ
from current practice for patients on other RA treatments, and will not require additional
monitoring from current best practice for the management of neutropaenia and serious
infections.
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The consensus concludes by stating that ‘despite the availability of a range of treatment
options for RA, not all patients achieve a target of remission or low disease activity. The
availability of [a] new potent IL-6R inhibitor would be of great benefit for this patient
population’.

The clinical rationale for the submission seeking approval of sarilumab for the treatment
of RA is acceptable. However, while the consensus statement is of interest the
recommendation relating to the most appropriate starting dose will be made based on the
totality of the submitted clinical data.

Guidance

In a pre-submission meeting with the TGA,16 the sponsor agreed that the re-submission of
this application would include a Note to Evaluator identifying the key data and rationale
supporting the 200 mg q2w dosing regimen and the management of risks associated with
neutropaenia. The re-submission would include a Clinical Consensus Statement from
experienced rheumatologists across Australia relating to current clinical practice
supporting initial aggressive management of RA to protect patients from irreversible joint
damage. The consensus statement would also address the practical aspects of the
management of remote patients with RA aimed at mitigating the risks of neutropaenia and
other potential adverse events associated with sarilumab treatment. The agreed
information was provided in the re-submission.

There is a TGA approved EU guideline relating to the treatment of RA, namely:

* Points to Consider on Clinical Investigation of Medicinal Products other than NSAIDs
for Treatment of Rheumatoid Arthritis CPMP/EWP/556/95 rev1/Final; London, 17
December 2003.

Contents of the clinical dossier
Scope of the clinical dossier

The submission included the clinical studies provided in the initial submission and the
new clinical studies provided for evaluation. The new clinical data for evaluation are
summarised below:

* Study EFC14092 (MONARCH trial): a Phase III study assessing the efficacy and safety
of sarilumab monotherapy versus adalimumab monotherapy in patients with
rheumatoid arthritis. The submitted report covered the 24-week randomised period of
the study. The Clinical Study Report (CSR) was dated 17 May 2016 (subsequent to the
date of the initial submission).

*  Study MSC12655: a Phase III study assessing the usability of the sarilumab
autoinjector device and the pre-filled syringe in patients with moderate to severe RA.
The study included a 12 week autoinjector assessment phase. The CSR was dated
31 July 2015. The study was included in the original submission but was not evaluated
because at that time registration of the pre-filled pen (autoinjector) was not requested
by the sponsor.

Paediatric data
No paediatric data were included in the submission.

The sponsor states that it has not submitted paediatric data to the EU, but has an agreed
European Paediatric Investigation Plan (PIP). The sponsor indicates that as part of the PIP

16 TGA guidance at pre-submission meetings is nonbinding and without prejudice.
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it is required to submit an appropriate study to the European Medicines Agency (EMA) by
June 2022.

The sponsor states that a final PIP Opinion was granted in 26 March 2013 (P/0067/2013
EMA/113206/2013) as follows:

* PIP granted for paediatric populations for treatment of; (1) polyarticular course juvenile
idiopathic arthritis (pJIA) in children 2 to less than 18 years and; (2) systemic juvenile
idiopathic arthritis (sJ/IA) in children 1 to less than 18 years.

»  Waiver granted for paediatric population (birth - 1 year) for treatment of chronic
idiopathic arthritis (including rheumatoid arthritis, spondyloarthritis, psoriatic arthritis
and juvenile idiopathic arthritis) on the grounds that disease does not occur in these
specified paediatric subsets.

The sponsor states that no paediatric data have been submitted to the US FDA, but that it
is required to submit a paediatric assessment by June 2023. The sponsor states that it has
been granted a partial waiver by the US FDA from having to submit paediatric studies in
(1) patients from birth to 24 months for polyarticular idiopathic arthritis (pJIA); and

(2) patients from birth to 12 months for systemic juvenile idiopathic arthritis (s]JIA) ‘on the
grounds that the disease does not occur in these paediatric subsets’.

The failure to include paediatric data in the submission is acceptable. However, it is
recommended that the sponsor should submit the proposed paediatric studies to the TGA
at the same time as the studies are submitted to the EMA and/or the US FDA. It is
considered that provision of these studies should be a condition of registration of Kevzara.

Good clinical practice

The sponsor stated that the submitted studies have been conducted in accordance with
the principles of good clinical practice.

Pharmacokinetics

Studies providing pharmacokinetic data
Previously submitted PK data

The initial CER included evaluation of PK data for sarilumab in healthy subjects and adult
patients with RA. It was reported in the initial CER that the PK of sarilumab had been well
characterised from the PK data collected from 53 healthy subjects involved in 1 Phase |
study, 241 adult patients with RA enrolled in 8 Phase I studies and 2671 patients with RA
involved in 7 Phase II/III studies of sarilumab treatment. The clinical pharmacology
studies (PK and PD) are summarised in Table 7.

The initial CER stated that the sponsor also conducted 4 pre-specified population PK and
population PK/PD analyses using pooled data from Phase |, Il and III studies. These studies
are summarised in Table 8. It was stated in the initial CER that none of the population
PK/PD analyses had deficiencies that excluded their results from consideration.
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Table 7: Summary of submitted clinical pharmacology studies (PK and PD) with

sarilumab
Study . : Number
Study type identifier Sarilumab dose regimen Population enrolled!
Elepharmaceutic studiea (Phasa 1)
Gingle dose, comparative ToOU14373@ 100, 150, and 200 mg; a single SC Healthy subjecls 53
bioavailability dose
Single dose, comparative FEM12053% 200 my; a singhe 5C dose RA palients 32
bioavailability
Pharmacokinetics and initial tolarability stedies in patients [Phase 1)
Gingle ascendng dose IV TOU0S08 06 and 2.0 mgfkg; a single v RA palienls 78
BRI RAOTO3 dose
Single ascending dose 5C TOU1020E 50, 100, and 200 ma; 2 single 5C RA palients 15
ERAS-RA0301 dose
Repeal ascending dose SC TDRI0BDSS 50, 100, and 150 mg qw; 100, 150, RA palients 60
GRAS-RAQ302 and 200 mg q2w
Intrinaie factors (Phase 1, papulation PK analyaia}
Race (Japanese) ToOU{adnze 50, 100, and 200 ma; a single 5C RA palienls 4
dose
Age, gender, body weight, POHO42E? 50, 100, 150, and 200 my, 3 single Paaled RA patients 1770
race, laboratory SC dose; 100, 150, and 200 mg
measurements, Qw SC; 50, 100, and 150 mg qw
EC
Extrinaic factors {Phasea 1, 2, and 3 population FK analysis)
Frior binlogics, POHo4zE? 50, 100, 150, and 200 md; a single Poaled RA patients 1770
metholrexale S0 dose
100, 150, and 200 mg g2w SC; 50,
100, and 150 mg qw SC
Effect of aarilumab an other drugs (Phase 1)
Sirmvastalin (CYPIA4 INT12684 200 mg; a single 5G dose RA patients, MTX-R 18
substrale) Farl A%
PD and PKIFD sludies (Phase 1)
Fi for bicmarkers, PKFPD ACTI0804F 50,100, and 200 mg; 2 single 5C RA palients a2
for key safely parameters,  BRAS-RA-0203 doze
: f .
biomarkers BRASRA-1308 150 and 200 mg; asingle 5C dose RA patienls 1019
Pharmacekinetics in efficacylaafoty sludies (Phases 2 and 3)
Phase 2 EFG11072 100, 150, and 200 mg g2w, 100 RA patients, MTXR bk
Parl A and 150 mg qw 5C
Phase 38 EFC11072 150 and 200 myg g2w SC A patients, MTX-IR 172
ParlB {Cohort 1)
1197
{Cohod 21
EFC10B32 150 and 200 mg q2w SC RA patients, THF-IR 56
SFY13370 150 and 200 mg gw SC RA palients, THF-IR e
MEC|HEE5T 150 and 200 my g2w SC FeA patients, DMARD-IR 217
EFC13752 150 and 200 mg g2w SC RA patients, DMARD-IR 132
LTS11210 150 and 200 my q2w SC RA patienls who compleied 2003
of transfemed from 1 of 6
previaus sarfhumab Inals

Abbreviations and explanation footnotes as per Table 8 below.
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Table 8: Summary of submitted Population PK/PD Studies with sarilumab

Population PK and population PK/PD in ¢linical pharmacelogy and efficacy/safety studies

Population PK POHD428¢ 50, 100, 150, and 200 mg, a single Pooled RA 1770
SC dose;
100, 150, and 200 mg g2w SC;
100 and 150 mg qw SC

PKIPD for key efficacy and POHO455 100, 150 and 200 mg q2w SC; 100 Pooled RA patients 2221
safety parameters and 150 mg qw 5C

Population PK/PD for POHO420k 50,100, 150, and 200 mg, a single Pooled RA patients 1672
absolute neutrophil count SC dose;

100, 150, and 200 mg g2w SC;
50, 100, and 150 mg qw SC

Population PK/PD for POHO446k 100, 150 and 200 mg g2w 5C; Pooled RA patients 2082
DAS28-CRP 100 and 150 mg qw SC

Studies TDU11373, PKM12058, and MSC12663 are summarized in 2.7.1 for PK comparability of drug productsipresentations

Two fo 4 patients were enrolled in Cohort 2 (2.0 mg/kg sanlumab) because of early termination.

The study was conducted in Japan in Japanese patients with RA.

Population PK analysis used data from Phase 1, 2, and 3 studies in pafients with RA.

Studies INT12684 Part B, EFC11574, EFC14092, and ACT11573 were excluded due to lack of available PK data.

Biomarkers were C-reactive protein, intedeukin 6, soluble intedeukin b receptor, serum amyloid A, the erythrocyte sedimentation rate, andlor
fibrinogen.

g Oftthe total listed, 25 and 24 pafients were randomized and treated with 4 and 8 mg/kg tocilzilumab, respectively.

h

Cohort 1 consisted of patients who were randomized prior to dose selection for Phase 3. Cohort 2 consisted of patients randomized after
dose selection for Phase 3 in this operafionally seamless Phase 2/3 study.

i 102 of 202 patients were randomized to the 4 mg/kg tocilzilumab group.

j  Population PK/PD analysis of pooled data from Phase 2 and 3 studies in patients with RA.

k  Population PK/PD analysis of pooled data from Phase 1, 2 and 3 studies in patients with RA.

I Nin pocled population PK or PKIPD analyses was the number of patients in the analysis data set

GYP3A4: cytochrome P430, subfamily Ill, polypeplide 4; DAS28: disease activity score for 28 joints; DMARD: disease modifying antirheumatic
drug; MTX-IR: methofrexate inadegquate responder; na: not applicable; PD: pharmacodynamic(s); PK: phammacokinetic(s); qw: every week; q2w:
every 2 weeks; RA: rheumatoid arthritis; TNF-IR: tumor necrosis factor alpha antagonist inadequate responder;

BT SR =T T = <1

The following summary of the PK of sarilumab is from data provided in the initial CER.

* Sarilumab is well absorbed after a single SC dose in patients with RA, with the
maximum serum concentration of functional sarilumab being achieved at a median
Tmax of 2 to 4 days, with no apparent dose effect. The bioavailability of sarilumab after
SC injection is estimated to be 80% using data from the Population PK Study POH0428.

* Functional sarilumab exposure increases in a greater than dose proportional manner
in patients with RA, due to an appreciable contribution by non-linear clearance to the
total drug clearance in the therapeutic dose range. The PK parameters of sarilumab
after single SC dose administration are summarised in Table 9. After repeated SC doses
of sarilumab in the Phase II/III studies, the mean steady state trough serum
concentrations (Ctrough) of sarilumab increased by 2.1 to 3.1 fold and AUC0-14 days
increased by 2.0-fold with only a 1.33-fold increase in sarilumab dose from 150 to
200 mg q2w. The PK parameters of sarilumab after repeat SC dose administration are
summarised in Table 10.
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Table 9: Pharmacokinetic parameters of serum functional SAR after a single SC dose

Study identifier Crmax AUCpast AUC
{(Population) Dose N (mg/L)? {mgeday/lL)? (mgeday/lL)? t,.P(days) t., (days)?
TDU11373 100mg 14 777 (3.65) 450 (22.7) 56.0 (25.0) 250 2230107
(Healthy subjects) (1.00 - 6.00)
TDU10809/6R88-RA-0801 S50mg 4  1.16(1.82) 2.36 (3.94) NR 2.04(1.99-210) NR
(RA patients)
100mg 4 4.89(453) 255(36.2) NR 3.05 NR
(2.01-3.11)
200mg 6 109(2.38) 900 (15.3) NR am NR
(2.96 - 3.05)
ACT10804/6R88-RA-0803 50mg 8 0516 (0.745) 0(0) NR 291 NR
(RA patients) (1.83-293)
100mg 8 396(2.70) 184 (10.5) NR 441 NR
(1.90-4.88)
200mg 8 129(481) 932 (48.9) NR 385 NR
(1.98-5.00)
TDU13402 50mg 6 1.36(0.411) 489 (243) NR 3.00 NR
(Japanese RA patients) (2.00 - 3.00)
100mg 6 454(2.97) 33.0 (30.4) 70.1 (NC)d 3.00 1.62 (NC)
(3.00 - 7.00)
200mg B 27.7(1286) 339 (173) 409 (126)¢ 3.00 3.49(1.35)
(2.00-7.00)
PKM12058 200mg 15 158(7.02) 153 (92 5) 179 (108) 400 4 58 (251)
(RA patients) (2.00-8.04)
GRAB-RA-1309 150mg 26 139(9.28) 106 (91.9) 108 (92.2) 3.02 1.70 (0.457)
(RA patients) (2.00-6.16)
200mg 26 216 (11.7) 169 (105) 173 (105) 399 1.96 (1.10)
(199-8.17)
MSC126685 150mg 51 16.7(13.0) 152 (78.7)° NR 288 NR
(RA patients) (0.90 - 6.88)
200mg 53 237(127) 207 (94 9)C NR 367 NR
(1.71-109)
a Mean (standard deviation) for observed values from noncompartmental analysis
b Median (minimum - maximum) for observed values from noncompartmental analysis
¢ AUCq1saaysinstead of AUCqs
d N=1
e N=35
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Table 10: Pharmacokinetic parameters of serum functional SAR after repeat SC
doses

AUCo7 gaye!
AUC,.44 d.—.ysa"b
Study identifier Crmax (Mg/L)? (mg-day/L) Corougn (Mg/L)*
(population) Dose N Predicted Predicted Predicted N  Observed
EFC11072 Part A 100mgq2w 51 523(228) 46.4(28.6) 111(125) 41 0250 (0.949)
(RA patients, MTX-R) o) maqaw 50 13.0(4.30) 131 (59.9) 396(349) 44  452(529)
200mgg2w 50  23.2(9.46) 260 (132) 107(887) 39 14.1(122)
100mgqw 49  17.7(9.07) 115 (62.9) 135(864) 35  17.1(113)
150mgqw 50 38.0(14.8) 254 (103) 321(146) 38 383(203)
EFC11072 Part B 150mg q2w 366  20.4 (9.23) 207 (119) 657(753) 274  783(9.73)
(RApatients, MTX-R) 500 mgqow 426 359 (155) 400 (213) 169(145) 266 188(163)
EFC10832 150mgq2w 181 19.0 (8.11) 192 (122) 589(758) 115 697 (8.98)
(RA patients, TNE-IR) 00 mg qow 183 34.8 (14.5) 384 (194) 155(129) 114 19.3(16.7)
SFY13370 150mgq2w 47  23.3(100) 249 (140) 941(941) 40  113(128)
(RA patients, TNF-IR) 500 mgqow 51 406 (18.6) 474 (254) NT(168) 41 269(251)
MSC12665 150mgq2w 48  21.7(9.94) 226 (121) 748(646) 47  629(745)
(RA patients, DMARD-IRI® 0o mg qow 51 38.3(20.3) 450 (266) 197(156) 48  169(154)
EFC13752 150mgq2w 65 19.9(7.47) 193 (101) 529(631) 54  7.35(8.03)
(RA patients, DMARD-R) 550 o qow 66 33.3(12.0) 357 (173) 130(122) 52 172(159)
LTS11210 200mg 2w NC NG NG NG 1544 221(225)

(RA patients who completed
or fransferred from 1 of 6
previous sarilumab frials)

a Mean (standard deviation) for observed values from noncomparimental analysis or predicted values based on post hoc individual
pharmacokinefic parameters estimated from population pharmacokinetic analysis

b Data presented are AUCo-7 aays for qw and AUCe-14 axy= for g2w dose regimens.

¢ Observed mean (standard deviation) Coax was 24.2 (14.8) mg/L and 394 (22.3) mg/L, and mean (standard deviation) AUCo-12 aays was 220
(130) and 405 (244) mg.day/L for 150 and 200 mg sarlumab 2w, respectively, following noncompartmental analysis of dense
pharmacokinetic data in this study.

AUCe-7 gays: area under the serum concentrafion versus time curve from 0 fo 7 days; AUCq-14 4ays: area under the serum concentration versus ime

curve from 0 to 14 days; Cmax: maximum serum conceniration; Cwougn: Serum concentration observed before drug administration during repeated

dosing; DMARD: disease modifying anfirheumatic drug; MTX-IR: inadequate responder to methotrexate; N: total number of subjects or patients;

NC: not calculated; q2w: every 2 weeks; qw: every week