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Abbreviation list

Abbreviation Term
ACM All-cause mortality
AE Adverse events
AIC Akaike Information Criteria
ASN American Society of Nephrology
BIC Bayesian Information Criterion
BIW Two times weekly
BL Baseline
BMI Body mass index
BNF British National Formulary
BSC Best supportive care
CEA Cost-effectiveness analysis
CEM Cost-effectiveness model
CFB Change from baseline
CHMP Committee for Medicinal Products for Human Use
Cl Confidence intervals
CKD Chronic kidney disease
CRP C-Reactive protein
Ccv Cardiovascular
CVvD Cardiovascular disease
DARE Database of Abstracts of Reviews of Effects
DBP Diastolic blood pressure
DCE Discrete choice experiments
DD Dialysis dependent
DRA European Renal Association
DSA Deterministic sensitivity analysis
ECDRP European Commission Decision Reliance Procedure
EDTA European Dialysis and Transplant Association Congress
EED Evaluation Database
eGFR Estimated glomerular filtration rate
EMA European Medicines Agency
EOS End of study visit
EOT End of treatment visit
EPO Erythropoietin
EQ-5D-3L EuroQol five-dimension three level
EQ-5D-5L EuroQol five-dimension five level
ESA Erythropoiesis stimulating agents
ESRD End-stage renal disease
EU European union
Exp Exponential
FAS Full analysis set
GB Great Britain
GFR Glomerular filtration rate
GLM Generalised linear model
GLMM Generalised linear mixed model
Hb Haemoglobin
HCHS Hospital & Community Health Services
HIF Hypoxia-inducible factor
HR Hazard ratio
HRG Healthcare resource group
HRQoL Health-related quality of life
hsCRP High-sensitivity C-reactive protein
HST High Specialised Technology
HTA Health Technology Assessment
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Abbreviation Term
ICER Incremental cost-effectiveness ratio
ID Incident dialysis
IDN Identification
IPD Individual patient data
ISPOR International Society of Pharmacoeconomics and Outcomes Research
ITT Intention to treat
U International units
[\ Intravenous
KDIGO Kidney Disease Improving Global Outcomes
Kg Kilogram
LDL Low density lipoprotein
LSM Least squares mean
MACE Major adverse cardiovascular events
MAP Mean arterial pressure
Mcg Microgram
MDRD Modification of diet in renal disease
mg Milligram
MHRA Medicines and Healthcare products Regulatory Agency
Mi Myocardial infarction
Min Minute
mL Millilitre
mmol/L Milli-moles per litre
MoA Method of administration
NA Not applicable
NCI CTC National Cancer Institute- Common terminology criteria for adverse events
NDD Non dialysis dependent
NHS National Health Service
NHSCII NHS cost Inflation Index
NICE National Institute for Health and Care Excellence
NMB Net monetary benefit
ONS Office for National Statistics
OR Odds ratio
OT+28 On treatment plus 28 days
OWSA One-way sensitivity analysis
PAS Patient access scheme
PASLU Patient Access Schemes Liaison Unit
PEY Patient exposure years
PF Physical function
PHI Prolyl hydroxylases inhibitor
PPS Per protocol set
PSA Probabilistic sensitivity analysis
PSS Personal Social Services
QALY Quality adjusted life year
Qw One time weekly
R Randomised
RBC Red blood cells
RRT Renal replacement therapy
SAF Safety analysis set
SBP Systolic blood pressure
SC Subcutaneous
SD Standard deviation
SF-36 36-ltem short form survey
SF-6D Short-Form Six-Dimension
SG Standard gamble
SLR Systematic Literature Review
SmPC Summary of product characteristics
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Abbreviation Term
SMR Standardised mortality ratio
TEAE Treatment-emergent adverse event
TESAE Treatment-emergent serious adverse event
TIW Three times weekly
TRAE Treatment related adverse events
TSAT Transferrin saturation
TTO Time trade-off
Tx Treatment
UK United Kingdom
ULN Upper limit of normal
us United States
Uusb United States Dollar
VAT Vascular access thrombosis
VT Vitality
WHO World Health Organisation
WTP Willingness to pay
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B.1 Decision problem, description of the technology and

clinical care pathway

B.1.1

Decision problem

Whilst the expected licence for roxadustat covers all adult patients with symptomatic

anaemia associated with chronic kidney disease (CKD), in the context of this

submission, roxadustat is positioned as an alternative to erythropoiesis stimulating

agents (ESA) for the treatment of adult patients with symptomatic anaemia

associated with CKD who are non-dialysis dependent (NDD) at the time of treatment

initiation. The roxadustat positioning is presented in detail in Section B.1.3.6.

The remaining components of the company submission are consistent with the final

National Institute for Health and Care Excellence (NICE) scope and the NICE

reference case, as shown in Table 1.

Table 1. The decision problem

Final scope issued by NICE

Decision
problem
addressed in the
company
submission

Rationale if
different from
the final NICE

scope

Population

Adult patients with anaemia associated
with Chronic Kidney Disease (CKD)

Adult patients with
symptomatic
anaemia
associated with
CKD who are non-
dialysis
dependent (NDD)
at the time of
treatment initiation

See section
B.1.3.6

Intervention

Roxadustat

Per scope

NA

Comparator(s)

Erythropoiesis stimulating agents
(ESA)

Per scope

NA

Outcomes

* Haemoglobin response

» Maintenance of haemoglobin levels
 Use of additional therapy (including
blood transfusion and intravenous iron)
* Hospitalisation

» Adverse effects of treatment including
major adverse cardiovascular events

* Health-related quality of life

Per scope with the
exclusion of
hospitalisation.

Hospitalisation
was not explicitly
modelled in the
economic model.
Hospitalisation
rates from the
clinical trials were
similar for
roxadustat,
placebo and ESA.
Hospitalisation
costs were
indirectly
captured through
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Decision

Rationale if
£l different from
Final scope issued by NICE addressed in the the final NICE
company e fina
T . scope
submission
adverse event
management,
drug
administration
and monitoring.
Economic The reference case stipulates that the Per scope NA
analysis cost effectiveness of treatments should
be expressed in terms of incremental
cost per quality-adjusted life year.
The reference case stipulates that the
time horizon for estimating clinical and
cost effectiveness should be sufficiently
long to reflect any differences in costs
or outcomes between the technologies
being compared.
Costs will be considered from an NHS
and Personal Social Services
perspective.
The availability of any commercial
arrangements for the intervention,
comparator and subsequent treatment
technologies will be taken into account.
Subgroups to NA Per scope NA
be considered
Perspective for | All direct health effects, whether for Per reference NA
outcomes patients or, when relevant, carers case
Perspective for | Costs will be considered from a Per reference NA
costs National Health Service (NHS) and case
Personal Social Services (PSS)
perspective.
Time horizon The reference case stipulates that the Per reference NA
time horizon for estimating clinical and | case
cost effectiveness should be sufficiently
long to reflect any differences in costs
or outcomes between the technologies
being compared.
Synthesis of Based on systematic review Per reference NA
evidence on case
health effects
Measuring and | Health effects should be expressed in Per reference NA
valuing health | quality adjusted life years (QALY). The | case
effects EQ-5D is the preferred measure of
health-related quality of life in adults.
Source of data | Reported directly by patients and/or Per reference NA
for carers case
measurement
of health-
related quality
of life
Source of Representative sample of the United Per reference NA
preference Kingdom (UK) population case
data for
valuation of
changes in
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Decision . .
Rationale if
£l different from
Final scope issued by NICE addressed in the .
the final NICE
company
T . scope
submission
health-related
quality of life
Equity An additional QALY has the same Per reference NA
considerations | weight regardless of the other case
characteristics of the individuals
receiving the health benefit
Evidence on Costs should relate to NHS and PSS Per reference NA
resource use resources and should be valued using case
and costs the prices relevant to the NHS and
PSS
Discounting The same annual rate for both costs Per reference NA
and health effects (currently 3.5%) case

Abbreviations: CKD: chronic kidney disease; CV: cardiovascular; EPO: erythropoietin; ESA: erythropoiesis-stimulating agents; NA: not
applicable; NDD: non-dialysis dependent; NHS: National Health Service; NICE: National Institute for Health and Care Excellence;PSS: Personal
Social Services; UK: United Kingdom.

B.1.2 Description of the technology being appraised

Table 2 summarises the details of the technology being appraised in this submission.

The Summary of Product Characteristics (SmPC) is provided in Appendix C.

Table 2. Technology being appraised

UK approved name and Roxadustat (Evrenzo™)
brand name
Mechanism of action Roxadustat is a first-in-class oral hypoxia-inducible factor (HIF)

prolyl hydroxylase inhibitor (PHI).

Roxadustat activates the oxygen-sensing HIF pathway to mimic
the body’s natural response to hypoxia by reversibly inhibiting
HIF-PH enzymes that target HIFs for degradation under normal
oxygen conditions. Through the inhibition of HIF-PH, it
stimulates a coordinated erythropoiesis response that includes
the increase of plasma erythropoietin (EPO) levels, regulation
of iron transporter proteins and reduction of hepcidin. This
results in improved iron bioavailability, increased haemoglobin
production and increased red cell mass.

Marketing authorisation/CE | The initial Marketing Authorisation Application was made to the
mark status European Medicines Agency (EMA) in April 2020.

Application to the Medicines and Healthcare products
Regulatory Agency (MHRA) for Great Britain (GB) Marketing
Authorisation will be via the European Commission Decision
Reliance Procedure. The full dossier as reviewed by the EMA
Committee for Medicinal Products for Human Use (CHMP) will
be submitted to MHRA, including responses to questions, upon
receipt of a positive CHMP opinion.

CHMP opinion is expected in June 2021 with the submission to
the MHRA in June 2021 also.

EMA Marketing Authorisation and MHRA approval of the GB
licence are expected in August 2021.

Indications and any Roxadustat is expected to be indicated for treatment of adult
restriction(s) as described patients with symptomatic anaemia associated with chronic
in the SmPC kidney disease (CKD).
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Conversion of dialysis patients otherwise stable on ESA
treatment is only to be considered when there is a valid clinical

reason.
Method of administration Roxadustat is administered as an oral tablet three times a week
and dosage and not on consecutive days.

For patients initiating anaemia treatment not previously treated
with ESA the recommended starting dose of roxadustat is 70
mg three times per week in patients weighing less than 100 kg
and 100 mg three times per week in patients weighing 100 kg
and over. This dose should be individualised to achieve and
maintain target haemoglobin (Hb) levels of 10 to 12 g/dL. The
individualised maintenance dose ranges from 20 mg to 400 mg
(for DD patients, maximum dose for NDD patients is 300mg)
three times per week.

For patients converting from an ESA, the recommended
starting dose of roxadustat is based on the average prescribed
ESA dose in the 4 weeks before conversion (see Summary of
Product Characteristics (SmPC) for conversion table).
Additional tests or Not required

investigations
List price and average cost | Roxadustat will be provided in five different strengths in 12 pill
of a course of treatment packs (four weeks supply). The proposed UK list prices are as
follows:

The average yearly cost of roxadustat is £2,696 (assuming
three times weekly dose of 70 mg for an average patient
weighting less than 100 kg).

Patient access scheme (if An application for a confidential simple Patient Access Scheme
applicable) (PAS) is expected to be submitted and approved by Patient
Access Schemes Liaison Unit (PASLU) ahead of the 15t
committee meeting. The PAS will be submitted recognising that
a discount on roxadustat may be required due to ESA tender
prices, ensuring the discount can be quickly amended during
the revision process. In line with guidance received by NICE
during the decision problem meeting in 12/04/2021, all results

are presenting using list prices for roxadustat and ESA
Abbreviations: CHMP: Committee for Medicinal Products for Human Use; CKD: chronic kidney disease; ECDRP: European Commission
Decision; EMA: European Medicines Agency; EPO: erythropoietin; Hb: haemoglobin; PAS: Patient Access Scheme; PASLU: PAS Liason Unit;
GB: Great Britain;Hb: haemoglobin; HIF-PHI: hypoxia-inducible factor prolyl hydroxylases inhibitor; SmPC: summary of product
characteristics; MHRA: Medicines and Healthcare products Regulatory Agency.

B.1.3  Health condition and position of the technology in the

treatment pathway

B.1.3.1 Disease overview

CKD is defined as the presence of kidney structure abnormalities or impaired kidney
function for >3 months, with implications on the health status of the affected

individual (1). CKD can result from a variety of causes, including diabetes, high blood
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pressure and glomerulonephritis (2). CKD is characterised by the progressive loss of
kidney function, as measured by the glomerular filtration rate (GFR) — the sum of the
filtration rates of all functioning nephrons in the kidney (3). CKD is typically
categorised into five stages of decreasing kidney function based on declining GFR
(Table 3) (1).

Table 3. CKD disease stages by GFR

Disease stage Description GFR (ml/min/1.73m?)
Stage 1 Normal GFR =290
Stage 2 Mildly decreased GFR 60 to 89
Stage 3a Mildly to moderately decreased GFR 45 to 59
Stage 3b Moderately to severely decreased GFR 30t0 44
Stage 4 Severely decreased GFR 15 to0 29
Stage 5 Kidney failure <15

Note: The CKD stages presented in this table are based on the KDIGO GFR categories. Descriptions are relative to a normal GFR in healthy
young adults of approximately 125ml/min/1.73m2. An accepted alternative to measured GFR is to use the CKD Epidemiology Collaboration
equations to estimate GFR based on serum creatinine, serum cystatin C, or both. In the latest KDIGO guidance (2012), stage 1 and 2 GFR
categories are no longer considered to fulfil the criteria for CKD in the absence of other markers for kidney damage.

Abbreviations: CKD: chronic kidney disease; GFR: glomerular filtration rate; KDIGO: Kidney Disease: Improving Global Outcomes.

The prognosis of patients with CKD worsens as the disease progresses and kidney
function declines (leading to lower GFR) (4-6). The final stage of the disease (stage
5 CKD) is also referred to as end-stage renal disease [ESRD] (1). Patients with
ESRD will require renal replacement therapy (RRT) through dialysis or kidney
transplantation in order to maintain sufficient kidney function and avoid premature
death (1, 3). While CKD itself is associated with a significant impairment to patient
HRQoL, anaemia further exacerbates this burden with symptoms including fatigue,
shortness of breath, rapid heartbeat, insomnia, lethargy, headaches, lack of

concentration and reduced cognitive function (7-9)

Anaemia is a serious condition that refers to abnormally low levels of haemoglobin
(Hb) and/or circulating red blood cells (RBC) in the blood that is insufficient to meet
the body’s physiological oxygen-carrying needs (1, 3, 10).

Measurement of Hb levels (i.e. the amount of oxygen-carrying protein in the blood) is
the typical indicator to define anaemia. Many factors influence Hb levels including
gender, age, and altitude (10). The cut-off point to define a ‘normal’ non-anaemic
level varies depending on different guidelines. The World Health Organization
(WHO) and Kidney Disease Improving Global Outcomes (KDIGO) guidelines (2012)
define anaemia as Hb<12 g/dL in women and Hb<13 g/dL in men (1, 10). NICE
recommends investigating and managing anaemia in patients with CKD at

Hb<11g/dL or less (11).(11)
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B.1.3.2 Aetiology

The aetiology of anaemia associated with CKD is not fully understood, however, in
most patients anaemia is thought to be caused by the insufficient production of the
hormone erythropoietin (EPO) (8, 12, 13). EPO is regulated by hypoxia-inducible
transcription factors (HIF) which are involved in an oxygen-sensing mechanism in
the kidney (14). The key function of EPO is to regulate the development of RBCs
which contain oxygen-binding Hb molecules that allow these cells to distribute
oxygen throughout the body (8, 14, 15). In CKD, there is disruption in the HIF-
mediated oxygen-sensing mechanism. This leads to low levels of EPO, which
ultimately can contribute to lower the levels of Hb in the blood (8, 12, 13). Disrupted
HIF pathways also contribute to excess levels of hepcidin in patients with CKD (via
interactions with inflammatory cytokines), which leads to reduced iron absorption and
mobilisation (13, 15-17). This disruption of iron levels affects Hb and RBC formation

leading to the development of anaemia (13, 15).

Anaemia associated with CKD has been shown to be an independent predictor for
CKD progression and all-cause mortality, doubling the risk of cardiovascular disease
(CVD) related hospitalisation and mortality (18-20).

B.1.3.3 Epidemiology

Anaemia is common in CKD patients and increases in both prevalence and severity
as kidney disease worsens (21-33). In a United Kingdom (UK) observational study
with a nationally representative sample (N=1,099,292), 8.6% of patients with CKD
stage 3-5 had anaemia. As per NICE guidelines, anaemia was defined as a Hb level
lower than 11 g/dL, and anaemia estimates ranged from 5.33% in patients with CKD
stage 3a to 42.8% in patients with CKD stage 5 (28).

B.1.3.4 Clinical disease burden of anaemia associated with CKD
Anaemia associated with CKD is associated with a significant clinical burden:

e All-cause mortality: Anaemia doubles the risk of all-cause mortality associated
with moderately decreased kidney function, as shown by two US-based
studies (18, 34)

e Cardiovascular events: Depleted oxygen levels due to anaemia could
increase cardiac output leading to injury (8). In addition, anaemia is
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associated with the development of left-ventricular hypertrophy in patients
with CKD (1, 8). Two United States (US) studies have shown that anaemia
associated with CKD increases the risk of CVD morbidity and mortality (19,
20)

e Potential acceleration of CKD: A US-based study has reported that patients
with low levels of Hb/severe anaemia are at a higher risk of progression to

ESRD compared with patients with normal/high Hb levels (35)

e Symptoms include fatigue, shortness of breath, rapid heartbeat, insomnia,
lethargy, headaches, lack of concentration and reduced cognitive function (7,
8)

B.1.3.5 Clinical treatment pathway

Current treatments for anaemia associated with CKD are efficacious but target one
part of the pathophysiology and require careful assessment of the benefit-risk ratio
(1, 11, 36).

In England and Wales, the treatment of anaemia associated with CKD are informed
by three key guidelines: NICE Guideline NG8, the KDIGO guideline (2012) and the
Renal Association clinical practice guideline on Anaemia of Chronic Kidney Disease
(1, 11, 36).

These guidelines recommend firstly addressing correctable causes of anaemia
associated with CKD such as iron deficiency (11). Iron deficiency is generally treated
via either oral or intravenous (V) iron, with the choice being dependent on the
severity of CKD, the patient’s dialysis status and previous response to treatments. IV
iron may be required by patients who do not tolerate oral iron, as well as by

individuals who fail to attain Hb targets within three months of starting oral iron (1).

In instances when a patient’s Hb levels do not adequately respond and remain
<10g/dL with iron therapy alone, NICE guidelines recommended to offer treatment
with an ESA if the patient is likely to benefit in terms of quality of life and physical
function (11). Due to ESA’s mode of action being reliant on iron repletion, patients
treated with ESA are likely to require long-term iron supplementation to maintain

therapeutic effect (1, 11).
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All ESAs share the same mechanism of action for improving Hb levels (37) and are
considered equivalent in terms of efficacy and safety profile (1, 11, 36). NICE
Guideline NG8 recommends the choice of ESA should be based on discussion with
the patient when initiating treatment and at subsequent reviews, taking into
consideration their dialysis status, the route of administration and the local
availability of ESA (11). Furthermore, the guideline highlights continuity of drug
supply and adequate cold-storage arrangements as a consideration when
developing a patient-centred plan for ESA treatment due to the refrigeration
requirements associated with ESAs. ESAs require cold-chain storage and transit
refrigeration to the patient’s home, as well as additional considerations related with
disposal (once syringes are used, they become biohazard material and require

specific ways of disposal and destruction) (11).

The choice of optimal route of administration for ESA should be informed by various
factors including the lifestyle and preferences of the patient, whether they are able to
self-administer, subcutaneous versus IV administration, long-acting versus short-

acting preparations, frequency of administration and pain of injection (11).

Hb levels and iron status should be assessed when initiating treatment and
continually monitored throughout ESA treatment (11). Despite the recommendation
to avoid repeated dose escalations in ESA, it is common for ESA doses to be
increased over time in clinical practice to maintain effect (11). This is most common
in inflamed, ESA-resistant patients who may require large doses of ESA, resulting in
limited benefits and significant costs to the NHS (11, 38). In instances where a
patient is hyporesponsive to ESA therapy, a blood transfusion may be clinically
indicated however, the NICE Guideline advises to avoid blood transfusions where
possible in patients for whom a kidney transplant is a treatment option (11). The

clinical pathway is summarised in Figure 1.

B.1.3.6 Roxadustat positioning

Whilst the expected licence for roxadustat covers all adult patients with symptomatic
anaemia associated with CKD, in the context of this submission, roxadustat is
positioned as an alternative to ESA for the treatment of adult patients with
symptomatic anaemia associated with CKD who are NDD at the time of treatment

initiation. This positioning is in line with feedback received from clinical experts who
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stated that the oral mode of administration would offer additional benefit to patients
who are NDD (as ESA and IV iron represent a much lesser burden for dialysis
dependent [DD] patients) (39). In addition, in contrast to ESA, roxadustat does not
require cold-chain storage and transit or refrigeration in the patient’s home, thus
offering additional convenience to patients with anaemia associated with CKD
receiving treatment at home. Additional considerations related with sharps disposal
from the patient home, also mean roxadustat offers additional benefits for patients
receiving treatment at home (once syringes are used, they become biohazard
material and require specific ways of disposal and destruction). Furthermore, dialysis
patients who are stable on ESA treatment should only be converted to roxadustat if
there is a valid clinical reason (40). Data from the UK renal registry suggests that
over 90% of patients on dialysis are currently receiving an ESA (41). As the
roxadustat SmPC (Appendix C) states that dialysis patients who are stable on ESA
treatment should only be converted to roxadustat if there is a valid clinical reason,
the company therefore anticipates that roxadustat will not be routinely initiated in
dialysis patients.

It should be noted that all four trials on NDD patients (ALPS, ANDES, OLYMPUS,
DOLOMITES) allowed patients to continue treatment with roxadustat after initiation
of dialysis (42-45). A large proportion of patients enrolled in these trials started
dialysis while receiving roxadustat and the clinical and cost-effectiveness results
presented in this submission accounts for these patients. In line with this, throughout
the submission, the term NDD is used in reference to the patient status at point of
treatment initiation. The company anticipates NDD patients appropriately managed
with roxadustat will be allowed to continue treatment after initiation of dialysis, with

no dose adjustment required (see SmPC in Appendix C).

The positioning of roxadustat in the current clinical pathway is highlighted in Figure

1. The clinical pathway was adapted from the NICE NG8 guideline (11).
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Figure 1. Anticipated positioning of roxadustat in the clinical pathway of care for
anaemia associated with CKD
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Abbreviations: CKD: chronic kidney disease; IV: intravenous; QolL: quality of life; ESA: erytrophoietin stimulating agents; NDD: non-dialysis
dependent at treatment initiation; Hb: haemoglobin.
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B.1.4  Equality considerations

Astellas are not aware of any issues that this submission would raise regarding
inequalities in NICE guidance or protocols for the treatment of patients with

symptomatic anaemia associated with CKD.
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B.2 Clinical effectiveness

B.2.1 Identification and selection of relevant studies

A systematic literature review (SLR) was conducted in July 2019 and updated in
March 2021 to identify relevant evidence investigating the effects and safety of
roxadustat at any dose, against any other intervention, placebo or best supportive

care (BSC), for the treatment of patients with anaemia associated with CKD.

Thirteen trials were identified that assessed roxadustat in patients with anaemia

associated with CKD, as follows:

e One phase Ib/ll trial

e Four phase Il trials

e One phase Il/lll extension trial
e Eight phase lll trials

See Appendix D for full details of the process and methods used to identify and
select the clinical evidence relevant to roxadustat in the treatment of anaemia
associated with CKD.

The eight phase Il trials identified in the SLR constitute the ALPINE phase lll clinical
development programme for roxadustat for the treatment of anaemia associated with

CKD patients, as described in the following sections.

B.2.2 List of relevant clinical effectiveness evidence

The ALPINE phase Il clinical development programme for roxadustat for the
treatment of anaemia associated with CKD patients consists of eight randomised
controlled trials conducted globally. As represented in Figure 2, four trials were
conducted in patients commencing roxadustat when not on dialysis (NDD
population) (42, 43, 45, 46) and four trials in those commencing roxadustat while on
dialysis (DD population) (44, 47-49). Over 9,600 patients were enrolled into the
ALPINE programme: 4,911 NDD patients and 4,753 DD patients.
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Figure 2. Overview of the roxadustat clinical trials for the NDD and DD CKD
populations

DD-CKD
HIMALAYAS (N=1,043)
SIERRAS (N=741)
ROCKIES (N=2,133)

M Placebo-controlled
B ESA-controlled

Abbreviations: DD-CKD: dialysis-dependent-chronic kidney disease; NDD-CKD: non-dialysis dependent chronic kidney disease

This submission is focussed on patients who are not on dialysis at the point of
starting treatment for anaemia associated with CKD. Therefore, the clinical evidence
base relevant to this submission compromises of the four trials in the NDD
population. Three of which were placebo-controlled (ALPS, ANDES and OLYMPUS)
(43, 45, 46) whilst the fourth (DOLOMITES) (42) compared roxadustat to ESA

(darbepoetin alfa).

It should be noted that both the clinical evidence and economic case account for
CKD disease progression, with .% patients in the pooled NDD trials dataset
progressing to dialysis by the end of the follow up while continuing treatment. (see
Section B.3.3.4). The evidence presented is therefore reflective of the continuity of
care as expected in clinical practice. Throughout the submission, the term NDD is
used to refer to patients with anaemia associated with CKD who are NDD only at the
time of treatment initiation, not excluding patients who start dialysis while receiving

roxadustat or ESA.

The main design features of the clinical trials for the NDD population are
summarised in Table 4, with further details of their design provided in Section
B.2.3.1. Evidence for the four trials conducted in DD patients (44, 47-49) are

provided as supporting evidence in Appendix L.
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Table 4. Clinical effectiveness evidence (NDD population)

Study ALPS ANDES OLYMPUS DOLOMITES
Phase I, multicentre, Phase I, multicentre, Phase I, multicentre, Phase Ill, multicentre,
Study Design randomised, double-blind, randomised, double-blind, randomised, double-blind, randomised, open-label, active-
placebo-controlled trial. placebo-controlled trial. placebo-controlled trial. controlled trial
Patients with anaemia Patients with anaemia associated | Patients with anaemia Patients with anaemia
Population associated with CKD not on with CKD not on dialysis. associated with CKD not on associated with CKD who have
dialysis. dialysis. not started dialysis treatment
Roxadustat 70/100 mg** Roxadustat 70/100 mg** (N=616) | Roxadustat 70 mg* (N=1,393) Roxadustat 70/100 mg*
(N=391) orally TIW throughout | orally TIW (except in patients who | orally TIW throughout (N=323) orally TIW throughout
treatment period (minimum 52 | had already converted to BIW or treatment period (variable for treatment period (104 weeks).
weeks up to maximum of 104 QW dosing regimens as a result individual patients - treatment
weeks or until the last patient of being enrolled under previous end date was defined based on | From week 4 and every four
randomised to treatment had protocol versions) throughout when the target number of CV | weeks thereafter, dose
completed 40 weeks of treatment period (variable for events was reached). The adjustments* were permitted
treatment). individual patients — minimum maximum treatment period was
Intervention treatment duration was 52 weeks | 4 years.
From week 4 and every 4 with a maximum treatment
weeks thereafter, dose duration of up to three years after | Dose adjustments were
adjustments were permitted. the last patient was randomised). | permitted from week 4, and at
intervals of every 4 weeks until
Dose modifications in the protocol | week 52, and then every eight-
v.2 were allowed every 4 weeks to | weeks using a dose adjustment
increase and maintain Hb algorithm.
according to a dosing algorithm.
Placebo (N=203) orally TIW Placebo (N=306) orally TIW Placebo (N=1,388) orally TIW Darbepoetin alfa (N=293) SC
Comparator(s) throughout treatment period. throughout treatment period. throughout treatment period. or IV, dosed* as per the EU

SmPC throughout treatment
period.

Trial supports
application for

model?

. Yes Yes Yes Yes
marketing
authorisation?
Trial used in
the economic Yes Yes Yes Yes
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Study

ALPS

ANDES

OLYMPUS

DOLOMITES

Rationale for
use/non-use in

The study provides evidence of
efficacy and safety of
roxadustat in patients not on

The study provides evidence of
efficacy and safety of roxadustat
in patients not on dialysis at the

The study provides evidence of
efficacy and safety of
roxadustat in patients not on

The study provides evidence of
efficacy and safety of
roxadustat versus ESA in

supplementation

the model dialysis at the time of treatment | time of treatment initiation dialysis at the time of treatment | patients not on dialysis at the
initiation initiation time of treatment initiation
Reported . Hb_response and . Hb_response and ° Hb_response and . Hb_response and
outcomes malntenance_ _ malntenance_ _ malntenance_ _ malntenance. .
specified in ¢ Rescue medication e Rescue medication ¢ Rescue medication ¢ Rescue medication
the decision e Hospitalisation** e Hospitalisation e Hospitalisation** e Hospitalisation**
problem e Quality of life e Quality of life e Quality of life e Quality of life
o Safety (CV profile) o Safety (CV profile) o Safety (CV profile) o Safety (CV profile)
e LDL cholesterol e LDL cholesterol e LDL cholesterol e LDL cholesterol
All other e Kidney function ¢ Kidney function ¢ Kidney function e UseoflViron
reported e Useof IViron e Blood pressure e Useof IV iron supplementation
outcomes supplementation e Useof [Viron supplementation

Notes: *The dose of roxadustat was adjusted based on patient’s body weight; with patients weighing >45.0 kg to <70.0 kg receiving 70 mg while those weighing >70.0 kg to <160.0 kg receiving 100 mg.
**Hospitalisations were not explicitly modelled in the cost-effectiveness model; $All dose adjustments were made to achieve a Hb target level of 11.0 g/dL and maintain patients’ Hb levels between 10.0 g/dL and 12.0

g/dL.

Abbreviations: BIW: twice in week; CKD: chronic kidney disease; ESA: erythropoiesis-stimulating agents; EU: European Union; HRQoL: Health-related quality of life; IV: intravenous; QW: once weekly; SC: subcutaneous;
SmPC: summary of product characteristics; TIW: thrice weekly.
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B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

B.2.3.1 Summary of trials’ methodology

The study design for the clinical trials conducted in NDD population is summarised in

Table 5. A summary of each trial’'s methodology is provided in the sections below.

B.2.3.1.1 ALPS

The ALPS study was a phase lll, multicentre, randomised, double-blind, placebo-
controlled study in patients with Stage 3, 4 or 5 CKD who were anaemic and not on

dialysis at the time of randomisation.

As depicted in Figure 3, the ALPS study consisted of a screening period (up to six
weeks), a treatment period (minimum 52 weeks up to a maximum of 104 weeks) and

a post-treatment follow-up period (four weeks) (43).

Figure 3. Study design for ALPS trial

A randomised, double blind, placebo controlled study

I TS LT

6 weeks 52-104 weeks 4 weeks

Roxadustat (n=391)
Oral tablet; three times weekly during correction and
maintenance phases

Stage 3-5
NDD CKD

Placebo (n=203)
Format and dosing instructions matched to the
instructions for roxadustat

Abbreviations: NDD: non-dialysis dependent; CKD: Chronic kidney disease; R: randomised; N: number
Eligible patients were randomised to receive roxadustat or placebo orally three times
weekly (TIW) in a 2:1 ratio (50).

The initial roxadustat dose was based on a tiered, weight-based dosing scheme (50):

e Weight 245.0 kg to <70.0 kg: 70 mg
e Weight >70.0 kg to £160.0 kg: 100 mg

The study drug was dosed initially for Hb correction, until patients achieved central
Hb values of 211.0 g/dL and Hb increased from baseline of 21.0 g/dL at two

consecutive study visits separated by at least five days (correction period) (50).
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Once Hb correction was reached, patients entered the maintenance period. The aim
of the maintenance period was to treat to an Hb level of 11.0 g/dL by maintaining Hb
levels between 10-12g/dL (50). From week four and every four weeks thereafter,
dose adjustments were permitted. All dose adjustments were made to achieve Hb

response and maintain patients’ Hb level within the predefined target range.

B.2.3.1.2 ANDES

ANDES was a phase lll, multicentre, randomised, double-blind, placebo-controlled
trial in anaemic patients with Stage 3, 4 or 5 CKD and not on dialysis at time of

randomisation.

As depicted in Figure 4, the ANDES study consisted of a screening period (up to six
weeks), a treatment period (variable for individual patients — minimum treatment
duration was 52 weeks with a maximum treatment duration of up to three years after
the last patient was randomised) and a post-treatment follow-up period (four weeks)
(46).

Figure 4. Study design for ANDES trial

A randomised, double blind, placebo controlled study

I T T

Up to 6 weeks From 52 weeks to maximum of 3 years after the
last patient was randomised

Roxadustat (n=616)
m Oral tablet; three times weekly during correction and

maintenance phases

4 weeks

Stage 3-5CKD

Placebo (n=306)
Format and dosing instructions matched to the
instructions of roxadustat

Abbreviations: NDD: non dialysis dependent; CKD: chronic kidney disease patients; R: randomised.
Eligible patients were randomised (2:1) to receive roxadustat or placebo orally (46).

The initial roxadustat dose was based on a tiered, weight-based dosing scheme (46):

e Weight 245.0 kg to <70 kg: 70 mg
e Weight 270 kg to <160.0 kg: 100 mg

Dosing frequency was TIW throughout the study, except in patients who had already
converted to twice weekly (BIW) or once weekly (QW) dosing regimens as a result of
being enrolled under previous protocol versions where this was maintained (46).
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Dose modifications were allowed every four weeks to increase and maintain Hb

according to a dosing algorithm (46).

B.2.3.1.3 OLYMPUS

OLYMPUS was a phase lll, multicentre, randomised, double-blind, placebo-

controlled trial in anaemic patients with Stage 3, 4 or 5 CKD and not on dialysis.

As depicted in Figure 5, the OLYMPUS study consisted of a screening period (up to
six weeks), a treatment period (variable for individual patients — treatment end date
was defined based on when the target number of cardiovascular (CV) events was

reached) and a post-treatment follow-up period (four weeks) (45).

Figure 5. Study design for OLYMPUS trial

A randomised, double blind, placebo controlled study

i T ETTS

Up to 6 weeks Variable based on target number of CV 4 weeks
events
Roxadustat (n=1,393)
m Oral tablet; three times weekly during correction and

maintenance phases
Stage 3-5

NDD CKD Placebo (n=1,388)
Format and dosing instructions matched to the
instructions for roxadustat

Abbreviations: NDD: non dialysis dependent; CKD: chronic kidney disease; R: randomised.

Eligible patients were randomised (1:1) to receive roxadustat or placebo:

e Treatment group 1: patients were initially administered 70mg of roxadustat
orally TIW

e Treatment group 2: patients were administered with placebo and dosing

instructions matched to the instructions for roxadustat

Treatment was dosed TIW throughout the study unless downward dose adjustment
required a change to twice or once weekly dosing (45). Dose adjustments were
permitted from week 4, and at intervals of every four weeks until week 52, and every

eight weeks thereafter using a dose adjustment algorithm (45).

B.2.3.1.4 DOLOMITES

DOLOMITES was a phase lll, multicentre, randomised, open-label, active-controlled

study designed to provide key efficacy and safety of roxadustat in NDD population of
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patients requiring escalation of treatment for anaemia associated with CKD beyond

iron supplementation.

As depicted in Figure 6, the DOLOMITES study consisted a screening period (up to

six weeks), a treatment period (104 weeks) and a post-treatment follow-up period

(four weeks).

Figure 6. Study design for DOLOMITES trial

A randomised, double blind, active controlled study

Screening

Cworurtparog [l cows

Up to 6 weeks Up to 104 weeks

4 weeks
Roxadustat (n=323)
m Oral tablet; three times weekly during correction and
maintenance phases
Stage 3-5
NDD CKD Darbepoetin alfa (n=293)

IV or 5C injection weekly, or every other week, or
monthly, during correction and maintenance

Abbreviations: NDD: non dialysis dependent; CKD: chronic kidney disease patients; R: randomised; SC: subcutaneous.

Eligible patients were originally randomised 2:1 roxadustat:darbepoetin alfa (protocol
v1.0). From protocol v2.0 (dated 18 May 2015) onwards, patients were randomised

in a 1:1 ratio to receive either (42):

e Roxadustat TIW, or (42)

e Darbepoetin alfa via subcutaneous (SC) or IV injection, dosed as per the
European Union (EU) SmPC (51)

Towards the end of recruitment, the overall number of patients randomised to
roxadustat and darbepoetin alfa arms were 323 and 293 respectively.
The initial roxadustat dose was based on a tiered, weight-based dosing scheme: (42)

e Weight 245.0 kg to <£70.0 kg: 70 mg
e Weight >70.0 kg to <160.0 kg: 100 mg

e For both roxadustat and darbepoetin alfa, study treatment was dosed initially
for Hb correction, until patients achieved Hb levels of 211.0 g/dL and Hb
increase from baseline of 21.0 g/dL as measured at two consecutive study

visits separated by at least five days (as assessed by central laboratory) (42)
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¢ Once Hb correction was reached, patients entered the maintenance period.
The aim of the maintenance period was to treat to a Hb target level of 11.0

g/dL by maintaining Hb levels between 10.0 g/dL and 12.0 g/dL (42)

From week 4 to week 24, patients were followed-up fortnightly, and, then from week
24 to week 104, they were followed-up every four weeks. After week 4, dose
adjustments were permitted. All dose adjustments were made to achieve a Hb

response and maintain patients’ Hb levels within the predefined target range.
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Table 5. Summary of trial methodology

multicentre, randomised,
double-blind, placebo-
controlled trial in anaemic
patients with stage 3, 4 or
5 CKD who were not on
dialysis at the time of
randomisation.

The study consisted of

three study periods:

e screening period (up
to six weeks)

e treatment period
(minimum 52 weeks
up to maximum of
104 weeks or until the
last patient
randomised to
treatment had
completed 40 weeks
of treatment)

multicentre, randomised, double-
blind, placebo-controlled trial in
anaemic patients with stage 3, 4
or 5 CKD who were not on dialysis
at the time of randomisation.

The study consisted of three study

periods:

e screening period (up to six
weeks)

e treatment period (variable for
individual patients — minimum
treatment duration was 52
weeks with a maximum
treatment duration of up to
three years after the last
patient was randomised)

e post-treatment follow-up
period (four weeks)

multicentre, randomised, double-
blind, placebo-controlled trial in
anaemic patients with stage 3, 4 or
5 CKD who were not on dialysis at
the time of randomisation.

The study consisted of three study

periods:

e Screening period (up to six
weeks)

e treatment period (variable for
individual patients - treatment
end date was defined based on
when the target number of CV
events was reached)

e post-treatment follow-up period
(four weeks)

Study ALPS ANDES OLYMPUS DOLOMITES
Locations This study was conducted | The study was conducted at 163 This study was conducted at 385 This study was conducted at 156
where the at 153 study centres in 22 | sites in the United States, South study centres in 25 countries: study centres in 28 countries:
data was countries: Belarus, America, Australia, New Zealand, | Argentina, Brazil, Bulgaria, Austria, Belarus, Bosnia and
collected Belgium, Bulgaria, and Asia. Canada, Colombia, Czech Herzegovina, Bulgaria, Croatia,
Colombia, Dominican Republic, Germany, Hungary, Czech Republic, Denmark,
Republic, Estonia, India, Korea, Malaysia, Mexico, Finland, France, Georgia,
Georgia, Greece, Peru, Philippines, Poland, Germany, Hungary, Ireland,
Guatemala, Hungary, Romania, Russia, Slovakia, Spain, | Israel, Latvia, Macedonia,
Italy, Panama, Peru, Taiwan, Thailand, Turkey, Ukraine, | Montenegro, Netherlands,
Poland, Romania, US, and Vietnam. Poland, Portugal, Romania,
Russian Federation, Russian Federation, Serbia,
Serbia, South Africa, Slovakia, Slovenia, Spain,
Spain, Turkey, United Ukraine and United Kingdom.
Kingdom, and Ukraine.

Trial Design ALPS was a phase I, ANDES was a phase lll, OLYMPUS was a phase I, DOLOMITES was a phase llI,

multicentre, randomised, open-
label, active-controlled trial in
anaemic patients with stage 3, 4
or 5 CKD who were not on
dialysis at the time of
randomisation.

The study consisted of three

study periods:

e screening period (up to six
weeks)

e treatment period (104
weeks)

post-treatment follow-up period

(four weeks)

Company evidence submission template for roxadustat for treating anaemia in adult patients with chronic kidney disease [ID1483]
© Astellas (2021). All rights reserved

Page 33 of 379




participants***

age
Diagnosis of CKD,
with KDOQI stage 3,
4 or 5 who were not
receiving dialysis (at
baseline)

An eGFR <60
mL/min/1.73 m2
estimated using the
abbreviated 4-
variable MDRD
equation

Mean of the patient’s
three most recent Hb
values during the
screening period,
obtained at least four
days apart, was
<10.0 g/dL, with a
difference of <1.0
g/dL between the
highest and the
lowest values were
included in the study
Prior to initiation the
patient’s ferritin level
was 230 ng/mL
(=67.4 pmol/L) and
transferrin saturation
was 25%

Diagnosis of CKD, with
KDOQI Stage 3, 4 or 5 who
were not receiving dialysis (at
baseline)

An eGFR <60 mL/min/1.73
m? estimated using the
abbreviated 4-variable MDRD
equation

Mean of the patient’s three
most recent Hb values during
the screening period,
obtained at least four days
apart, was <10.0 g/dL, with a
difference of 1.0 g/dL
between the highest and the
lowest values

Ferritin levels 230 ng/mL at
randomisation and transferrin
saturation =5%

Exclusion criteria:

ESA treatment within 12
weeks of randomisation

More than one dose of IV iron
within 12 weeks before
randomisation

RBC transfusion within eight-
weeks prior to randomisation

Diagnosis of CKD, with KDOQI
Stage 3, 4 or 5 who were not
receiving dialysis (at baseline)
An eGFR <60 mL/min/1.73 m2
estimated using the
abbreviated 4-variable MDRD
equation

Mean of the patient’s two most
recent Hb values during the
screening period, obtained at
least seven days apart, was
<10.0 g/dL

Ferritin levels 250 ng/mL at
randomisation and transferrin
saturation 215%

Body weight of 45-160 kg

Exclusion criteria:

ESA treatment within six
weeks of randomisation
Known hereditary
haematologic disease such as
thalassaemia or sickle cell
anaemia, pure red cell aplasia,
or other known causes for
anaemia other than CKD
Patient had received an RBC
transfusion during the
screening period

Study ALPS ANDES OLYMPUS DOLOMITES
e post-treatment follow-
up period (four
weeks)
Key eligibility | Inclusion criteria: Inclusion criteria: Inclusion criteria: Inclusion criteria:
criteria for o Atleast 18 years of o Atleast 18 years of age e Atleast 18 years of age e Atleast 18 years of age

e Diagnosis of CKD, with
KDOQI stage 3, 4 or 5 who
were not receiving dialysis
(at baseline)

e AneGFR <60 mL/min/1.73
m? estimated using the
abbreviated 4-variable
MDRD equation

e Mean of the patient’s two
most recent (prior to
randomisation) Hb values
during the screening period,
obtained at least four days
apart, was <10.5 g/dL, with a
difference of <1.0 g/dL

Exclusion criteria:

e ESA treatment within 12
weeks prior to
randomisation

e Treatment with IV iron within
six weeks prior to
randomisation

e Patient had received an
RBC transfusion within
eight-weeks prior to
randomisation

o Known hereditary
haematological diseases
such as thalassaemia or
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Study

ALPS

ANDES

OLYMPUS

DOLOMITES

Exclusion criteria:

ESA treatment within
12 weeks prior to
randomisation
Treatment with more
than one dose of IV
iron within 12 weeks
prior to
randomisation
Patient had received
an RBC transfusion
within eight weeks
prior to
randomisation
Known hereditary
haematological
diseases such as
thalassaemia or
sickle cell anaemia,
pure red cell aplasia,
or other known
causes for anaemia
other than CKD

e Known hereditary

haematologic disease such
as thalassaemia or sickle cell
anaemia, pure red cell
aplasia, or other known
causes for anaemia other

than CKD

e Known chronic inflammatory
disease that could impact

erythropoiesis

sickle cell anaemia, pure
red cell aplasia, or other
known causes for anaemia
other than CKD

e Known chronic inflammatory
disease that could impact
erythropoiesis

Trial drugs

Group 1: roxadustat
70/100 mg** TIW (N=391)
Group 2: placebo TIW
(N=203)

Group 1: roxadustat 70/100 mg**

TIW (N=616)

Group 2: placebo TIW (N=306)

(N=1,393)

Group 1: roxadustat mg* TIW

Group 2: placebo TIW (N=1,388)

Group 1: roxadustat 70/100 mg*
TIW (N=323)

Group 2: darbepoetin alfa dosed
as per the EU SmPC (N=293)
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Multivalent Cation-
containing Drugs
and Mineral
Supplements

e Antihypertensive
Medications

Disallowed concomitant

medications:
e Iron-chelating
agents (e.g.,

deferoxamine,
deferiprone, or
deferasirox therapy)
from four weeks
prior to
randomisation until
EOS visit

e Androgens from
randomisation until
EOS visit

e Dapsone in any
dose amount or
chronic use of
acetaminophen
(paracetamol) >2.0

medications/therapies/substances:

e Contraception

medications:

¢ Any investigational drug from
randomisation until EOS.

¢ Any erythropoietin analogue
during the treatment period,
except for rescue medication
[erythropoietin analogues]).

¢ Iron-chelating agents (e.g.,
deferoxamine/desferrioxamine,
deferiprone or deferaxirox
therapy) from four weeks prior
to screening until EOS.

e Androgens from randomisation
onwards until EOS.

e Dapsone (at any dose) from
randomisation to EOS.

e Chronic doses of
acetaminophen/paracetamol
>2.0 g/day from randomisation
until EOS

Study ALPS ANDES OLYMPUS DOLOMITES
Concomitant Permitted concomitant Permitted concomitant Permitted concomitant Permitted concomitant
medications medications: medications: medications: medications:

e Statins and Other e Statins e Statins e Statins and Other
Substrates for OATP | ¢ Phosphate binders e Phosphate binders Supstrates for Qrganic
1B1 e Therapeutic Phlebotomy * Herbal medicines Anion Transporting

. Polypeptide 1B1

e Phosphate Binders . . :

and Other Disallowed concomitant Disallowed concomitant ¢ Phosphate Binders and

Other Multivalent Cation-
containing Drugs and
Mineral Supplements
Antihypertensive
Medications

Disallowed concomitant
medications:

Any ESA within 12 weeks
prior to randomisation until
EOT.

Intravenous iron within six
weeks prior to
randomisation.

RBC transfusion within
eight-weeks prior to
randomisation.

Any investigational drug
within 30 days or five half-
lives or limit set by national
law (whichever is longer),
prior to screening until EOS.
Roxadustat or another HIF-
PHI at any time prior to
randomisation. After
randomisation any HIF-PHI
other than roxadustat, as
allocated by randomisation,
until EOS.
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Study ALPS ANDES OLYMPUS DOLOMITES
g/day from e Androgens from day of
randomisation until randomisation until EOS.
EOS visit ¢ Iron-chelating agents (e.g.,
: deferoxamine, deferiprone,
* ﬁ]réigfl);?;tor HIE- or deferasirox therapy) from
four weeks prior to
PHI other than randomisation until EOS.
roxadustat, as e Dapsone in any dose
allocated by amount or chronic use of
randomisation, until acetaminophen/paracetamol
EOS visit >2.0 g/day from the day of
randomisation until EOS.
Primary Proportion of patients Proportion of patients who achieve | Proportion of patients who achieve | Proportion of patients who
outcome who achieve an Hb (g/dL) | an Hb (g/dL) response* defined an Hb (g/dL) response* defined as: | achieve an Hb (g/dL) response
response* defined as: as: e Hb=211.0g/dL anda Hb defined as:
e Hb=11.0g/dLand a e Hb=211.0g/dL and aHb increase from baseline Hb by e Hb=211.0 g/dL and a Hb
Hb increase from increase from baseline Hb by 21.0 g/dL in any patient with increase from baseline Hb
baseline Hb by 21.0 21.0 g/dL in any patient with baseline Hb >8.0 g/dL, or by 21.0 g/dL in any patient
g/dL in any patient baseline Hb >8.0 g/dL, or ¢ Anincrease from baseline Hb with baseline Hb >8.0 g/dL,
with baseline Hb e Anincrease from baseline by 22.0 g/dL in any patient or
>8.0 g/dL, or Hb by 22.0 g/dL in any with baseline Hb <8.0 g/dL e Anincrease from baseline
e Anincrease from patient with baseline Hb <8.0 | As measured at two consecutive Hb by 22.0 g/dL in any
baseline Hb by 22.0 g/dL visits separated by at least five patient with baseline Hb
g/dL in any patient As measured at two consecutive days during the first 24 weeks of <8.0 g/dL
with baseline Hb visits separated by at least five treatment without administration of | As measured at two consecutive
<8.0 g/dL days during the first 24 weeks of rescue therapy prior to Hb visits separated by at least five
As measured at two treatment without administration of | response days during the first 24 weeks of
consecutive visits rescue therapy prior to Hb treatment without administration
separated by at least five | response of rescue therapy prior to Hb
days during the first 24 response
weeks of treatment
without administration of
rescue therapy prior to Hb
response
Major e Hb (g/dL) change e Mean change from baseline e Change in Hb from baselineto | e Hb (g/dL) change from
secondary from baseline to the in Hb averaged over eight- the average Hb from weeks baseline to the average Hb
outcomes average Hb in weeks of treatment at weeks 28-52 for patients with in weeks 28 to 36, without
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received rescue
therapy within six
weeks prior to and
during this eight-
week evaluation
period

Change from
baseline in LDL
(mmol/L) cholesterol
to the average LDL
cholesterol of weeks
12 to 28

Use and time to first
use of rescue
therapy in the first
24 weeks of
treatment (incidence
rate per 100 patient
years at risk)
Change from
baseline in SF-36
VT subscore (points)
to the average VT
subscore of weeks
12 to 28

Change from
baseline in SF-36
PF subscore (points)
to the average PF
subscore of weeks
1210 28

Change from
baseline in MAP
(mmHg) to the

Mean change from baseline
in Hb during the evaluation
period (defined as week 28
until week 52) in patients with
baseline CRP >ULN
Proportion of patients with
Hb level 210 g/dL between
week 28 to 36, without use of
rescue therapy

Mean change from baseline
in LDL cholesterol averaged
over weeks 12 to 28

Time to and proportion of
patients who received rescue
therapy (composite of
blood/RBC transfusion, ESA
use, and IV iron) in the first
52

Mean change from baseline
in SF-36 VT subscore
averaged over weeks 12 to
28

Progression of CKD: rate of
change in eGFR over time
adjusted by baseline eGFR,
censored at dialysis or
kidney transplant

Time to and proportion of
patients who received RBC
transfusion in the first 52
weeks of treatment

Mean change from baseline
in SF-36 VT subscore
averaged over weeks 12 to
28

Proportion of total time of
interpolated Hb values 210
(g/dL) from weeks 28 to 52
Proportion of total time of
interpolated Hb values 10-12
(g/dL) from weeks 28 to 52
Mean change in LDL
cholesterol (mmol/L) from
baseline to week 24

Time to first instance of
receiving IV iron, RBC
transfusions, or erythropoietin
analogue as rescue therapy
Time to and proportion of
patients who received first
administration of an RBC
transfusion as rescue therapy
Change from baseline in SF-
36 VT subscore (points) to the
average VT subscore of
weeks 12 to 28

Rate of progression of CKD
measured by annualised
eGFR slope over time
Change from baseline in SF-
36 PF subscore (points) to the
average PF subscore of
weeks 12 to 28

Study ALPS ANDES OLYMPUS DOLOMITES
weeks 28 to 36, 28 to 36 without rescue baseline hsCRP greater than having received rescue
without having therapy the ULN therapy within six weeks

prior to and during this
eight-week evaluation
period

Change from baseline in
LDL cholesterol (mmol/L) to
the average LDL
cholesterol of weeks 12 to
28

Time to first use of IV iron
in weeks 1-36 (per 100
patient years at risk)
Change from baseline in
SF-36 PF subscore (points)
in weeks 12—-28

Change from baseline in
SF-36 VT subscore (points)
in weeks 12-28

Change from baseline in
MAP (mmHg) to the
average MAP value in
weeks 20 to 28

Occurrence and time to first
occurrence of hypertension
(defined as [SBP 2170
mmHg and SBP increase
from BL 220 mmHg] or
[DBP 2110 mmHg and DBP
increase from BL 215
mmHg]) during weeks 1 to
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Study

ALPS

ANDES

OLYMPUS

DOLOMITES

average MAP value
of weeks 20 to 28
Occurrence and time
to first occurrence of
hypertension
(defined as either
systemic blood
pressure >170
mmHg AND an
increase from
baseline 220 mmHg
or as diastolic blood
pressure >110
mmHg and an
increase from
baseline of 215
mmHg

Rate of progression
of CKD measured by
annualised eGFR
slope over time

Mean change from baseline
in MAP averaged over weeks
20 to 28

Time to (and proportion of
patients with) worsened
hypertension

Pre-planned
subgroups

Subgroups were
predefined based on the
key baseline
demographics and
disease characteristics
including:

Sex: male vs. female
Age: <65, 65-74,
275

Iron repletion status:
ferritin 2100 ng/ml
and TSAT 220%;
ferritin <100 ng/ml or
TSAT <20%

CRP: <ULN, >ULN
Hb: <8, >8

Subgroups were predefined based
on the key baseline demographics
and disease characteristics
including:

Sex: male vs. female

Age: <65, 65-74, =75

CKD stage: Stage 3,4 or 5
Iron repletion status: ferritin
2100 ng/ml and TSAT 220%;
ferritin <100 ng/ml or TSAT
<20%

CRP: <ULN, >ULN

Hb: <8, >8 - <9, >9
Cardiovascular history: Yes,
No

Subgroups were predefined based
on the key baseline demographics
and disease characteristics
including:

Sex: male vs. female

Age: <65, 65-74, 275

Race: White, Black or African
American, Asian, Native
Hawaiian or Other Pacific
Islander, American Indian or
Alaska native, Other. (Other
and Native Hawaiian or Other
Pacific Islander were
combined in order to assess
change in Hb)

Subgroups were predefined
based on the key baseline
demographics and disease
characteristics including:

Sex: male vs. female
Age: <65, 65-74, 275
Geographical region:

Western Europe and Israel;
and Central and Eastern

Europe

History of CVD: Yes, No
eGFR: <30, =230, <15, 215
CRP at baseline: <ULN,

>ULN
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Study ALPS

ANDES

OLYMPUS

DOLOMITES

e Cardiovascular
history: Yes, No

e eGFR: <15, 215,
<30, 230

e Geographic region:
Western Europe and
rest of the world.

eGFR: <10, 10-<15, 15-<30,
230
Geographic region: US, Ex-
us*.

Baseline weight: <70 kg
versus =70 kg; and <100 kg
versus 2100 kg.

Weight by gender-specific
median (four groups)

Body mass index: <30 vs. 230
kg/m2

Geographical region: US vs.
Ex-US**

Geographical region: North
America, South America,
Asia, Europe

CV/ cerebrovascular/
thromboembolic history: Yes,
No.

Baseline Hb value: <8 g/dL
versus >8 g/dL and <9 g/dL
versus >9 g/dL

Baseline eGFR value: <30
versus 230, <15 versus 215,
and <10 versus 210
mL/min/1.73 m2

Diabetes history: Yes, No.
Baseline C-reactive protein:
(SULN vs. >ULN

Baseline iron repletion status:
ferritin >100 ng/ml and TSAT
>20%

TSAT and ferritin: TSAT 220%
and ferritin 2100ng/mL, TSAT
<20% or ferritin <100 ng/ml

Notes: *Distinct definitions of the primary endpoint (Hb response) for European Union (EU) and United States (US) were defned for the placebo controlled trials (ALPS, ANDES and OLYMPUS), in accordance with the
regulators. This submission only presents the definition and results for the EU-based primary endpoint. **Ex-US refers to all the rest of the world except the United States. ***For the complete list of

inclusion/exclusion criteria, please refer to the CSR of each study.

Abbreviations: BL: baseline; CKD: chronic kidney disease; CRP: C-reactive protein; CVD: cardiovascular disease; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate; EOS: end of study; EOT: end of

treatment; ESA: erythropoiesis-stimulating agents; EU: European Union; Hb: haemoglobin; HIF-PHI: hypoxia inducible factor-prolyl hydroxylase inhibitor; IV: intravenous; KDOQI: kidney disease outcomes quality
initiative; LDL: low density lipoprotein; MAP: mean arterial pressure; MDRD: Modification of diet in renal disease; mmol/L: milli-moles per litre; PF: Physical functioning; RBC: red blood cells; SBP: systolic blood
pressure; SF-36: 36-Item short form survey; SmPC: summary of product characteristics; TIW: three times per week; TSAT: transferrin saturation; ULN: upper limit of normal; US: United States; VT: vitality.
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B.2.3.2 Baseline characteristics and demographics

An advisory board was conducted with external clinical experts with experience in
treating anaemia associated with CKD patients in England. Clinical experts
confirmed that the pooled population from the four NDD clinical trials were
representative of the patients with anaemia associated with CKD in the UK (39). A
comparison of the baseline demographics and characteristics across different
treatment arms in trials conducted on the NDD population is given in Table 6.
Overall, all the baseline parameters were well-balanced across both arms of each

trial. Any notable differences are highlighted below.

B.2.3.2.1 ALPS

Overall, there was no difference in demographics and baseline characteristics
between the roxadustat and placebo treatment groups. Both patient populations
were predominately <65 years. More than 50% had ferritin >100 ng/mL and
transferrin saturation (TSAT) >20%, and mean Hb in both groups was approximately
9.10 g/dL (Table 6) (43).

B.2.3.2.2 ANDES

Overall, there was no notable difference in demographics and baseline
characteristics between the roxadustat and placebo treatment groups. Both patient
populations were predominantly white, female and aged <65 years with a mean Hb
of 9.10 g/dL (Table 6) (46).

B.2.3.2.3 OLYMPUS

Overall, there was no notable difference in demographics and baseline
characteristics between the roxadustat and placebo treatment groups. Both patient
populations were predominantly white, female and aged <65 years with a mean Hb
of approximately 9.10g/dL (Table 6) (45).

B.2.3.2.1 DOLOMITES

In DOLOMITES, the roxadustat and darbepoetin alfa arms were balanced in terms of
demographics, baseline disease characteristics and medical history. The majority of
patients were white (95.3%) and were recruited in central and eastern Europe
(70.1%), with a mean Hb of 9.55 g/dL (Table 6) (42).
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Table 6. Demographic and baseline characteristics of patients included in trials conducted on NDD population

ALPS ANDES OLYMPUS DOLOMITES
e Roxadustat ESA Total Roxadustat Placebo Roxadustat Placebo Total Roxadustat DL e Total
Parameter Category/statistic alfa
(N=391) (N=203) (N=594) (N=616) . (N=1384) (N=1377) (N=2761) (N=323) g (N=616)
( ) (N=293)
Baseline demographics
Sex . ; 268 : 130 : : 1167 . . .
. . S . ) . . ! . . .
Male 169 (43.2%) | 99 (48.8%) | 120y | 241(304%) | 0% | 564 (40.8%) | 603 (438%) | L0 | 145(44.9%) | 129(44.0%) | 274 (44.5%)
Female 222 (56.8%) (5}_0;/0 ) (52_29?,/0) 375 (60.9%) (5;2?,/0) 820 (59.2%) | 774 (56.2%) (5175_'3% 178 (55.1%) | 164 (56.0%) | 342 (55.5%)
Age (years) | Mean 60.6 61.7 61.0 64.9 64.8 60.9 624 61.7 66.8 65.7 66.3
SD 135 13.8 13.6 12.6 13.2 14.67 14.14 14.43 13.6 14.4 14.0
Median 62.0 63.0 63.0 66.0 66.0 62.0 63.0 63.0 69.0 69.0 69.0
(Min, Max) 20, 89 26, 90 20, 90 22, 9% 22, 91 19, 100 18, 93 18, 100 19, 91 22, 91 19, 91
Age range 110 335 o 146 o o 1526 o o o
ot <65 225 (57.5%) | 154 00) oy | 271@40%) | Ry | 796(575%) | 730 (53.0%) | (opom | 127(393%) | 110(375%) | 237 (38.5%)
65-74 108 (27.6%) | 55 (27.1%) (2;.63133/0) 102 (31.2%) | 79 (25.8%) | 321 (23.2%) | 350 (25.4%) | 671 (24.3%) | 83 (25.7%) | 85(29.0%) | 168 (27.3%)
>75 58 (14.8%) | 38 (18.7%) | 96 (16.2%) | 153 (24.8%) | 81 (26.6%) | 267 (19.3%) | 297 (21.6%) | 564 (20.4%) | 113 (35.0%) | 98 (33.4%) | 211 (34.3%)
Race : 182 517 ) \ 5 5 1234 ) ) )
White 335 (85.7%) | (g9 704) (8.05) | 176/(28.6%) | 99 (324%) | 623(45.0%) | 611(444%) | 70 | 306(94.7%) | 281(95.9%) | 587 (95.3%)
Black or African American |10 (2.6%) | 3 (1.5%) | 13(2.2%) | 76 (12.3%) | 28(9.2%) | 112 (8.1%) | 115 (8.4%) | 227 (8.2%) | 8 (2.5%) 2 (0.7%) 10 (1.6%)
Asian 9 (2.3%) 0 9(1.5%) | 310 (50.3%) 151 544 (39.3%) | 538 (39.1%) 1082 9 (2.8%) 10 (3.4%) | 19 (3.1%)
(49.3%) (39.2%)
Other 37 (95%) | 18(8.9%) | 55(93%) | 52(8.8%) | 28(9.1%) | 105(7.6%) | 113 (82%) | 218 (7.9%) 0 0 0
BMI (kg/m?) | N 391 203 594 614 306 1380 1374 2754 322 293 615
Mean 27.06 27.63 27.26 274 273 26.68 26.85 26.76 27.95 28.74 28.33
SD 553 5.51 5.52 6.3 6.0 6.009 6.121 6.064 5.76 6.06 5.92
Region Yg’gsetfm Europe and 99 (30.7%) | 85(29.0%) | 184 (29.9%)
Eﬁ:‘;g and Eastern 204 (69.3%) | 208 (71.0%) | 432 (70.1%)
Us : : : : : 343 (24.8%) | 340 (24.7%) | 683 (24.7%)
1041 1037 2078
Ex-US - - - - - (75.2%) (75.3%) (75.3%)
Western Europe 28 (7.2%) 16 (7.9%) 44 (7.4%) - - - - -
187 550
Rest of the World 363 (92.8%) (92.1%) (92.6%) - - - - -
Baseline disease characteristics
Hb (g/dL) Mean 9.08 9.10 9.08 9.10 9.09 9.11 9.10 9.10 9.55 9.55 9.55
SD 0.76 0.72 0.75 0.75 0.69 0.733 0.742 0.738 0.75 0.69 0.72
<8.0 32(82%) | 20(9.9%) | 52(8.8%) | 52(84%) | 23(7.6%) | 129(9.3%) | 131(9.5%) | 260 (9.4%) | 11(34%) | 10(34%) | 21 (3.4%)
183 542 1255 1246 2501 s s s
>8.0 359 (91:8%) | (99 1%) ©1.59%) ; ; ©079%) 90.569%) (05%) | 312(66.6%) | 283 (96.6%) | 595 (86.6%)
>8-<9 : - : 173 (28.1%) | 97 31.7%) - - -
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ALPS ANDES OLYMPUS DOLOMITES
Parameter Category/statistic Roxadustat ESA Total Roxadustat Placebo Roxadustat Placebo Total Roxadustat Darb;?:etm Total
gory (N=391) (N=203) (N=594) (N=616) (N=306) (N=1384) (N=1377) (N=2761) (N=323) (N=293) (N=616)
186
>9 - - - 391 (63.5%) (60.8%) - - -
Iron Ferritin <100 ng/mL and
repletionat | TSAT <20% 51(15.8%) | 64 (21.8%) | 115 (18.7%)
baseline Ferritin <100 ng/mL and
TSAT 220% 9 27 (8.4%) 23 (7.8%) 50 (8.1%)
Ferritin 2100 ng/mL and
<TSAT <20% 9 63 (19.5%) | 54 (18.4%) | 117 (19.0%)
Ferritin 2100 ng/mL and
TSAITI 520% 9 182 (56.3%) | 152 (51.9%) | 334 (54.2%)
Ferritin <30 ng/mL or
TOAT <5% 9 17 (4.3%) 5(2.5%) | 22(3.7%) - - - - -
30 <Ferritin <100 ng/mL
and 5% <TSAT <20% 53 (13.6%) | 28 (13.8%) | 81 (13.6%) - - - - -
30 <Ferritin <100 ng/mL
and TSAT >20% 45 (11.5%) | 25(12.3%) | 70 (11.8%) - - - - -
Ferritin >100 ng/mL and 108
5% <TSAT <20% 72(18:4%) | 36 (17.7%) | (1g.2%) - - - - -
Ferritin >100 ng/mL and o 109 313 o 170 o o 1608
TSAT >20% 204 (52.2%) (53.7%) s2.7%) | 373 (60.6%) (s5.6%) | 8%° (58.5%) | 799 (58.0%) (58.2%)
eGFR Mean - - - 21.9 22.4 19.69 19.95 19.82
(ML/min/1.73 | op - - - 115 11.4 11.74 11.75 11.74
m?)
CRP SULN 245 (63.1%) (623%5% ) (Gii%/o) ; ; ; ; ; 209 (65.3%) | 177 (60.4%) | 386 (63.0%)
<ULN 143 (36.9%) | 67 (33.2%) (3?6(3,/0) - - - - - 111 (34.7%) | 116 (39.6%) | 227 (37.0%)
Type 2 . - . . 207 . . 1600 . . .
. B 0, - - . . 0, . . .
diabetes Number (%) of patients 131 (33.5%) | 76 (37.4%) (34.8%) 793 (57.3%) | 807 (58.6%) (58.0%) 141 (43.7%) | 124 (42.3%) | 265 (43.0%)
mellitus ) )

Abbreviations: BMI:

body mass index; CRP: C-reactive protein; eGFR: estimated glomerular filtration rate; Hb: haemoglobin; kg: kilogram; m2: metre square; min: minute; mL: millilitre; SD: standard deviation; TSAT: transferrin saturation;
ULN: upper limit of normal.
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B.2.4  Statistical analysis and definition of study groups in the

relevant clinical effectiveness evidence

B.2.4.1 Populations analysed
The following analysis sets were used for the statistical analyses:

¢ Intention-to-treat (ITT): All randomised patients in each trial

Full analysis set (FAS): All randomised patients who received at least one

dose of study drug and have at least one post-dose Hb assessment

e Per protocol set (PPS): All FAS patients who received at least two weeks of

study treatment with valid corresponding Hb measurements.

e Safety analysis set (SAF): All patients that received at least one dose of study

drug

e On-treatment plus 28 days set (OT+28): All patients in time period from first
administration of the study drug to up to 28 days after last study drug intake.

The primary analysis set was the PPS for the non-inferiority tests and FAS for the
superiority, except in OLYMPUS in which mainly ITT was tested (described in more
detail in Table 8 to Table 10).

B.2.4.2 Analysis timepoints
The analysis timepoints of each trial are provided in Table 7 (42, 43, 45, 46).

The efficacy analyses conducted in all the trials were sequential and the next

analysis was only performed if the previous analysis was statistically significant.
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Table 7. Analysis timepoints of clinical trials (NDD population)

Clinical trial Analysis timepoint*
e For primary efficacy endpoint, the first date of the two consecutive visits was used as the date of response
e For secondary efficacy endpoints, the following timepoints were analysed:
1. Hb CFB to the average Hb in weeks 28 to 36, without having received rescue therapy within six weeks prior to and during this
eight-week evaluation period
2. CFBin LDL cholesterol to the average LDL cholesterol of weeks 12 to 28
3. Use and time to first use of rescue therapy (composite of RBC transfusions, IV iron supplementation and rescue ESA).
4. CFB in SF-36 VT subscore to the average VT subscore of weeks 12 to 28
ALPS 5. CFB in SF-36 PF subscore to the average PF subscore of weeks 12 to 28
6. CFB in MAP to the average MAP value of weeks 20 to 28
7. Occurrence and time to first occurrence of hypertension (defined as either systemic blood pressure (SBP) >170 mmHg AND an
increase from baseline 220 mmHg or as diastolic blood pressure (DBP) >110 mmHg and an increase from baseline of 215
mmHg
8. Rate of progression of CKD measured by annualised eGFR slope over time
e EQ-5D-5L was an additional secondary endpoint
e The safety endpoints were analysed during the safety emergent period which was defined as the evaluation period from the analysis
date of first drug intake up to 28 days after the analysis last dose date (OT+28)
e For primary efficacy endpoint, Hb response during the first 24 weeks of treatment, without rescue therapy (i.e., blood/RBC
transfusion, ESA, or IV iron) within six weeks prior to the Hb response was analysed.
e For secondary efficacy endpoint, the following timepoints were analysed:
1. Mean CFB in Hb averaged over eight-weeks of treatment at weeks 28 to 36, without rescue therapy within six weeks prior to
and during this eight-week evaluation period
2. Mean CFB in Hb during the evaluation period (defined as Week 28 until Week 52) in patients with baseline CRP >ULN
. Proportion of subjects with Hb level 210 g/dL between Week 28 to 36, without use of rescue therapy
4. Effect of maintenance dosing frequencies, pairwise comparisons of roxadustat TIW, BIW and QW vs. pooled placebo were
performed in patients treated with roxadustat who achieved Hb response (Hb =11 g/dL and Hb increase from baseline 21 g/dL
ANDES at two consecutive visits) within the first 24 weeks of treatment (average Hb level over weeks 28 to 36)
5. Mean CFB in LDL cholesterol averaged over weeks 12 to 28
6. Time to rescue therapy (composite of blood/RBC transfusion, ESA use, and IV iron) in the first 52 weeks of treatment
7. Mean CFB in the SF-36 VT subscore averaged over weeks 12 to 28
8. Rate of change in eGFR over time adjusted by baseline eGFR, censored at dialysis or kidney transplant
9. Times to blood/RBC transfusion in the first 52 weeks of treatment
10. Mean CFB in the SF-36 PF subscore averaged over weeks 12 to 28
11. Mean CFB in MAP averaged over weeks 20 to 28
12. Time to (and proportion of patients with) worsened hypertension (defined as [SBP 2170 mmHg and SBP increase from BL 220
mmHg] or [DBP =110 mmHg AND DBP increase from BL =215 mmHg])
e EQ-5D-5L was an additional secondary endpoint
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Clinical trial

Analysis timepoint*

- For each safety parameter, unless otherwise specified, the last assessment made prior to the first dose of double-blind study
medication was used as the baseline for all analyses.

OLYMPUS

N

©ENOO AW

The primary efficacy endpoint was analysed at two consecutive visits [dates] (with available data) separated by at least five days
during the first 24 weeks of treatment without having received rescue therapy (RBC transfusion, ESA therapy, or IV iron) prior to Hb
response. The first date of the consecutive visits was used as the date of response.
For secondary efficacy endpoints, the following timepoints were analysed:
Mean change in Hb from baseline to the patient’s mean value from week 28 to week 52 in patients with baseline hsCRP greater
than the ULN
The proportion of total time of interpolated (a method used to estimate values for a variable at time points in between visits where
actual levels were obtained) Hb values =10 g/dL from week 28 until week 52
Proportion of total time of interpolated Hb values within the interval 10 to 12 g/dL from week 28 until week 52
Mean change from baseline in LDL cholesterol to week 24
Time-to-first instance of receiving IV iron, RBC transfusions, or erythropoietin analogue as rescue therapy
Time to first administration of an RBC transfusion as rescue therapy
Mean change in SF-36 VT subscore from baseline to average VT subscore of weeks 12 to 28
Rate of progression of CKD measured by annualised eGFR slope over time
Mean change in SF-36 PF subscore from baseline to average PF subscore of weeks 12 to 28
EQ-5D-5L was an exploratory endpoint
All safety analyses, except for AEs, were performed using the OT+28 analysis set. For each safety variable, the last assessment
made on the screening visits or the randomisation visit was used as the baseline for all analyses, unless specified otherwise.

DOLOMITES

The primary efficacy endpoint was analysed at two consecutive visits (dates) (with available data), separated by at least five days,
during the first 24 weeks of treatment without having received rescue therapy prior to Hb response

The final analysis of the primary efficacy endpoint and interim analysis of safety data were performed after all patients had
completed at least 36 weeks of study treatment (data cut-off 15 June 2018)

For secondary efficacy endpoints, the following timepoints were analysed:

1. Hb change from BL to the average Hb in weeks 28 to 36, without having received rescue therapy within six weeks prior to and
during this eight-week evaluation period

Change from BL in LDL cholesterol to the average LDL cholesterol of weeks 12 to 28

Time to first intravenous iron use during weeks 1 to 36

Change from BL in SF-36 PF subscore to the average PF subscore in weeks 12 to 28

Change from BL in SF-36 VT subscore to the average VT subscore in weeks 12 to 28

Change from BL in MAP to the average MAP value in weeks 20 to 28

Occurrence and time to first occurrence of hypertension (defined as [SBP 2170 mmHg AND SBP increase from BL =20 mmHg]
or [DBP 2110 mmHg AND DBP increase from BL =15 mmHg]) during weeks 1 to 36

EQ-5D-5L was an additional secondary endpoint

NooaRrWN

Company evidence submission template for roxadustat for treating anaemia in adult patients with chronic kidney disease [ID1483]
© Astellas (2021). All rights reserved Page 46 of 379




Analysis timepoint*
e The safety endpoints were analysed at safety emergent period which was defined as the evaluation period from the analysis date of
first drug intake up to the minimum between [(analysis date of last dose + 28 days + x), EOS visit date, date of death], with x

corresponding to additional days based on the last dosing frequency
Notes: *The efficacy analyses conducted in all the trials were sequential and the next analysis was only performed if the previous analysis was statistically significant.

Clinical trial

Abbreviations: AEs: adverse events; BIW: twice per week; BL: baseline; CFB: change from baseline; DBP: diastolic blood pressure; EOS: end of study; ESA: erythropoiesis-stimulating agents; Hb: haemoglobin; hsCRP:
high-sensitivity C-reactive protein; IV: intravenous; OT+28: On-treatment plus 28 days; LDL: low density lipoprotein; MAP: mean arterial pressure; PF: physical functioning; QW: once time per week; RBC: red blood cells;

SBP: systolic blood pressure; SF-36: 36-Item short form survey; TIW: thrice in week; ULN: upper limit of normal; VT: vitality.
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B.2.4.3 Summary of statistical analyses

In the ALPS trial, 300 patients for the roxadustat group and 150 patients for the
placebo group were expected to achieve at least 95% power to demonstrate a
statistically significant difference with a 5% 2-sided significance level between
roxadustat and placebo in the primary endpoint, assuming that the proportion of
patients with response in the roxadustat group is at least 65% and in the placebo

group is at most 25% (43). More details are provided in the ALPS section below.

In the ANDES trial, based on a two-sided test at the alpha 5% level of significance,
450 patients had >95% power to demonstrate a statistically significant difference
between roxadustat and placebo, assuming that the proportion of patients with a Hb
response in the roxadustat group was at least 65% and the proportion of patients
with a Hb response in the placebo group was at most 25%. More details are
provided in the ANDES section below (46).

In the OLYMPUS trial, with a sample size of 450 patients, the study was expected to
provide >99% power to detect a 0.75 g/dL difference in mean Hb values between the
treatment groups, assuming that the common standard deviation (SD) was 1.2 g/dL,
using an analysis of variance test with a 5% two-sided significance level. More
details are provided in the OLYMPUS section below (45).

The DOLOMITES trial was designed with 248 and 208 patients for the roxadustat
and darbepoetin alfa group respectively to provide at least 98% test power to
demonstrate statistical non-inferiority of roxadustat versus darbepoetin alfa in the
primary endpoint assuming that the proportion of patients with response in both
groups is the same and at least 80% and a non-inferiority margin for the difference of
proportions of 15%. The power for the sensitivity analysis of post-amendment 1 data
(336 patients) was assumed to be at least 93%. More details are provided in the
DOLOMITES section (42).
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B.2.4.3.1 ALPS

Statistical comparisons made for each endpoint in the ALPS trial conducted for the pre-dialysis population are defined in Table 8

(43).
Table 8. Sequential testing of primary and key secondary efficacy endpoints in the ALPS trial
Testing
e Population P . M
Classification Outcome assessed Statistical method used mfeggrlty
superiority)
Primary endpoint
Hb response Hb (g/dL) response defined as: FAS The proportion of responders in the primary Superiority
e Hb=2=11.0 g/dL and a Hb increase from efficacy variable was analysed using a Cochran-
baseline Hb by 1.0 g/dL in any patient with Mantel-Haenszel (CMH) test adjusting for
baseline Hb >8.0 g/dL covariates (region, history of cardiovascular,
. . cerebrovascular, or thromboembolic diseases,
e oran increase from basgllne Hb by 22.0 g/dL baseline Hb and baseline eGFR), comparing
in any patient with baseline Hb <8.0 g/dL roxadustat to placebo.
As measured at two consecutive visits separated The CMH adjusted odds ratio (roxadustat versus
by at least five days during the first 24 weeks of placebo) and its 95% confidence interval were
treatment without administration of rescue therapy provided. Superiority of roxadustat versus
prior to Hb response placebo was to be declared if the lower bound of
the 2-sided 95% confidence interval of the CMH
odds ratio is higher than 1.
In addition, a 95% confidence interval for the
proportion of each roxadustat and Placebo
based on the exact method of Clopper-Pearson
was presented
Secondary endpoint(s)
Hb maintenance Hb (g/dL) change from baseline to the average Hb FAS Analysis method: MMRM. Superiority
in weeks 28 to 36, without having received rescue Categorical Variables: Region, History of CV
therapy within six weeks prior to and during this visits, and visits by treatment. BL Hb and BL
eight-week evaluation period eGFR as continuous covariates.
LDL cholesterol Change from baseline in LDL (mmol/L) cholesterol FAS Analysis method: MMRM. Superiority
to the average LDL cholesterol of weeks 12 to 28
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Testing

progression

annualised eGFR slope over time*

intercepts model using all available eGFR
values (one baseline and all post-treatment
values up to end of treatment period or start of
dialysis)

. (non-
Classification Outcome epEiEn Statistical method used inferiority
assessed or
superiority)
Categorical Variables: Region, History of CV
visits and visits by treatment. BL LDL, BL Hb
and BL eGFR as continuous covariates.
Rescue medication | Use and time to first use of rescue therapy in the FAS Method: Cox regression + Kaplan-Meier. Superiority
first 24 weeks of treatment (incidence rate per 100 Categorical Variables: Stratified on Region,
patient years at risk) History of CV and adjusted on BL Hb, BL eGFR
as continuous covariates.
HRQoL Change from baseline in SF-36 VT subscore FAS Analysis method: MMRM. Superiority
(points) to the average VT subscore of weeks 12 to Categorical Variables: Region, History of CV
28 visits and visits by treatment. BL Hb, BL SF-36
VT subscore and BL eGFR as continuous
covariates.
HRQoL Change from baseline in SF-36 PF subscore FAS Analysis method: MMRM. Superiority
(points) to the average PF subscore of weeks 12 to Categorical Variables: Region, History of CV
28 visits and visits by treatment. BL Hb, BL SF-36
PF subscore and BL eGFR as continuous
covariates.
CV profile Change from baseline in MAP (mmHg) to the FAS Analysis method: MMRM. Superiority
average MAP value of weeks 20 to 28* Categorical Variables: Region, History of CV
visits and visits by treatment. BL MAP, BL Hb
and BL eGFR as continuous covariates.
CV profile Occurrence and time to first occurrence of FAS Analysis method: Cox regression + Kaplan- Superiority
hypertension (defined as either systemic blood Meier.
pressure >170 mmHg AND an increase from Categorical Variables: Stratified on Region and
baseline 220 mmHg or as diastolic blood pressure History of CV, and adjusted on BL Hb, BL eGFR
>110 mmHg and an increase from baseline of 215 as continuous covariates.
mmHg*
Disease Rate of progression of CKD measured by FAS Analysis Method: a random slopes and Superiority
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Testing

. (non-
Classification Outcome epEiEn Statistical method used inferiority
assessed or
superiority)

Categorical Variables: Baseline Hb, Region, CV
history at baseline and the interaction terms
(baseline eGFR by timepoint and baseline Hb by
timepoint).

Notes: *These key secondary endpoints were not included in the hierarchical testing procedure.

Abbreviations: CKD: chronic kidney disease; CV: cardiovascular; eGFr: estimated glomular filtration rate; FAS: full analysis set; Hb: haemoglobin; HRQoL: health-related quality of life; LDL: Low Density Lipoprotein; MAP:
mean arterial pressure; PF: physical functioning; SF-36: short form 36 health survey questionnaire; US: United States; VT: Vitality.
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B.2.4.3.2 ANDES

Statistical comparisons made for each endpoint in the ANDES trial conducted for the NDD population are defined in Table 9 (46).

Table 9. Sequential testing of primary and key secondary efficacy endpoints in the ANDES trial

evaluation period (defined as week 28 until week 52)
in patients with baseline CRP >ULN

a covariate and treatment group, visit,
treatment visit interaction, and the

above-mentioned stratification factors as

fixed effects.

Testing
Classification Outcome A Statistical method used . ('.10'.1'
assessed inferiority or
superiority)
Primary endpoint
Hb maintenance Hb (g/dL) response defined as: FAS CMH adjusting for the randomisation Superiority
e Hb 211.0 g/dL and a Hb increase from baseline stratification factors comparing pooled
Hb by 21.0 g/dL in any patient with baseline Hb roxadustat (TIW+BIW+QW) to pooled
>8.0 g/dL placebo. .
. . . The hypothesis was tested at the two-
e oran |n.creas.e from belasellne Hb by 22.0 g/dL in sided alpha = 5% level of significance
any patient with baseline Hb <8.0 g/dL and was rejected if the p value <0.05
As measured at two consecutive visits separated by from the test. The 95% Cls based on
at least five days during the first 24 weeks of CMH adjusted odds ratio was reported.
treatment without administration of rescue therapy In addition, the 95% Cls of the
prior to Hb response responder rate between treatment
groups based on the exact method of
Clopper-Pearson were calculated and
presented.
Secondary endpoint(s)
Hb maintenance Mean change from baseline in Hb averaged over FAS MMRM model with baseline Hb and Superiority
eight-weeks of treatment at weeks 28 to 36 without eGFR as covariates and treatment
rescue therapy group, visit, treatment visit interaction,
and the other randomisation
stratification factors as fixed effects.
Hb maintenance Mean change from baseline in Hb during the FAS MI ANCOVA model with baseline Hb as | Superiority
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Testing

Classification Outcome FEUETE Statistical method used . (r.nor_n-
assessed inferiority or
superiority)
Hb response Proportion of patients with Hb level 210 g/dL FAS CMH adjusting for the randomisation Superiority
between week 28 to 36, without use of rescue stratification factors.
therapy
Hb maintenance Hb maintenance by dose frequency: TIW, BIW, QW FAS Same method as primary efficacy Superiority
endpoint
CV profile Mean change from baseline in LDL cholesterol FAS MMRM models with baseline LDL Superiority
averaged over weeks 12 to 28 cholesterol as a covariate and treatment
group, visit, treatment visit interaction,
and the above-mentioned stratification
factors as fixed effects.
Rescue medication Time to rescue therapy (composite of blood/RBC FAS Cox proportional hazards model Superiority
transfusion, ESA use, and IV iron) in the first 52
weeks of treatment
HRQoL Mean change from baseline in SF-36 VT subscore FAS MMRM models with baseline LDL Superiority
averaged over weeks 12 to 28 cholesterol as a covariate and treatment
group, visit, treatment visit interaction,
and the above-mentioned stratification
factors as fixed effects.
eGFR Progression of CKD: rate of change in eGFR over FAS Random slope and intercept model Superiority
time adjusted by baseline eGFR, censored at
dialysis or kidney transplant
Rescue medication Times to RBC transfusion in the first 52 weeks of FAS Cox proportional hazards model Superiority
treatment
HRQoL Mean change from baseline in SF-36 VT sub score FAS MMRM models with baseline LDL Superiority
averaged over weeks 12 to 28 cholesterol as a covariate and treatment
group, visit, treatment visit interaction,
and the above-mentioned stratification
factors as fixed effects.
Blood pressure Mean change from baseline in MAP averaged over FAS MMRM models with baseline LDL Superiority

weeks 20 to 28

cholesterol as a covariate and treatment
group, visit, treatment visit interaction,
and the above-mentioned stratification
factors as fixed effects.
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Testing
Classification Outcome FEUETE Statistical method used . (r.nor.n-
assessed inferiority or
superiority)
Blood pressure Time to (and proportion of patients with) worsened FAS Hazard ratio and its associated 95% CI Superiority
hypertension were computed between the roxadustat
group vs. placebo group.

Abbreviations: BIW: twice weekly; Cl: Confidence interval; CKD: Chronic kidney disease; CRP: C-reactive protein; CV: cardiovascular; eGFR: estimated glomerular filtration rate; ESA: erythropoiesis-stimulating agent FAS:
full analysis set; Hb: haemoglobin; HRQoL: health-related quality of life; hsCRP: high-sensitivity C-Reactive Protein; ITT: intention-to-treat; IV: intravenous; LDL: low Density Lipoprotein; LS: Least square; MAP: mean
arterial pressure; N/A not applicable; RBC: red blood cell; QW: once weekly; SF-36: short form 36 health survey questionnaire; TIW: Three times a week; US: United States; ULN: upper limit of normal.

B.2.4.3.3 OLYMPUS

Statistical comparisons made for each endpoint in the OLYMPUS trial conducted for the NDD population are defined in Table 10
(45).
Table 10. Sequential testing of primary and key secondary efficacy endpoints in the OLYMPUS trial
Testing
Classification Outcome AT B Statistical method used . (r_\or_l-
assessed inferiority or
superiority)
Primary endpoint
Hb maintenance Hb (g/dL) response defined as: FAS The proportion of responders in the Superiority
e Hb=11.0 g/dL and a Hb increase from baseline Hb by primary efficacy variable was
>1.0 g/dL in any patient with baseline Hb >8.0 g/dL ?ompared ur?_ing a .CMHCﬁt_ adjusting
- ; S ; or geographic region, istory,
. or?n |tncr.te:ze frT.m bljzellgeoH;)diy 22.0 g/dL in any baseline Hb (<8, 8 g/dL), and
patient with baseline Hb =6.U g/ baseline eGFR (<30, >30 mL/min/1.73
As measured at two consecutive visits separated by at m2), for roxadustat compared with
least five days during the first 24 weeks of treatment placebo.
without administration of rescue therapy prior to Hb
response
Secondary endpoint(s)
Hb maintenance Change in Hb from baseline to the average Hb from weeks ITT Analogously as the primary efficacy Superiority
28-52 for patients with baseline hsCRP greater than the endpoint
ULN
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Classification

Outcome

Population
assessed

Statistical method used

Testing
(non-
inferiority or
superiority)

Hb maintenance

Proportion of total time of interpolated Hb values =10
(g/dL) from weeks 28 to 52

ITT

ANCOVA with treatment group,
geographic region, and CV history as
fixed effects and baseline Hb and
baseline eGFR as covariates.

Superiority

Hb maintenance

Proportion of total time of interpolated Hb values 10-12
(g/dL) from weeks 28 to 52

ITT

ANCOVA with treatment group,
geographic region, and CV history as
fixed effects and baseline Hb and
baseline eGFR as covariates.

Superiority

CV profile

Mean change from LDL cholesterol (mmol/L) from baseline
to week 24

ITT

ANCOVA with treatment, geographic
region and CV history as fixed effects
and baseline values for Hb, eGFR and
LDL cholesterol as covariates.

Superiority

Rescue medication

Time to first instance of receiving IV iron, RBC
transfusions, or erythropoietin analogue as rescue therapy

OT+28

Cox proportional hazard model
analogously in the OT+28 analysis
set. Baseline Hb, baseline eGFR,
geographic region, and CV history
were included as covariates.

Superiority

Rescue medication

Time to first administration of a RBC transfusion as rescue
therapy

OT+28

Cox proportional hazard model in the
OT+28 analysis set. Baseline Hb,
baseline eGFR, geographic region,
and CV history were included as
covariates.

Superiority

HRQoL

Change from baseline in SF-36 VT subscore (points) to the
average VT subscore of weeks 12 to 28

ITT

MMRM with treatment, visit,
treatment-by-visit interaction, and
baseline covariates, including the
baseline score, baseline Hb, baseline
eGFR, geographic region and CV
history, as fixed effects, and patient as
a random effect.

Superiority

Disease progression

Rate of progression of CKD measured by annualised
eGFR slope over time

ITT

MMRM using all post-baseline eGFR
values prior to initiation of
dialysis/transplant. Baseline eGFR,
baseline Hb, geographic region, CV
history, treatment group and post-

Superiority
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Testing

average PF subscore of weeks 12 to 28

treatment-by-visit interaction, and
baseline covariates, including the
baseline score, baseline Hb, baseline
eGFR, geographic region and CV
history, as fixed effects, and patient as
a random effect

Classification Outcome FEUETE Statistical method used . (r_|or_|-
assessed inferiority or
superiority)
baseline eGFR measurement time
were used as fixed effects, and patient
and time as random effects i.e.,
random intercept and slope
HRQoL Change from baseline in SF-36 PF subscore (points) to the ITT MMRM with treatment, visit, Superiority

Abbreviations: CV: cardiovascular; eGFR: estimated glomerular filtration rate; FAS: full analysis set; Hb: haemoglobin; HRQoL: health-related quality of life; hsCRP: high-sensitivity C-Reactive Protein; ITT: intention-to-
treat; IV: intravenous; LDL: Low Density Lipoprotein; OT+28: On treatment plus 28 days; ULN: upper limit of normal; US: United states.
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B.2.4.3.4 DOLOMITES

Statistical comparisons made for each endpoint in the DOLOMITES trial conducted for the NDD population are defined in Table 11

(42).

Table 11. Sequential testing of primary and key secondary efficacy endpoints in the DOLOMITES trial

Population Testing (non-
Classification Outcome Statistical method used inferiority or
assessed .
superiority)
Primary endpoint
Hb maintenance Hb (g/dL) response defined as: PPS The proportion of responders in the primary Non-
e Hb=11.0 g/dL and a Hb increase from efficacy variable was compared using a inferiority
baseline Hb by 21.0 g/dL in any patient Miettinen & Nurminen (MN) approach, adjusting | was
with baseline Hb >8.0 g/dL for covariates (Region, Baseline Hb values, concluded if
or History of cardiovascular, cerebrovascular or the margin
: . thromboembolic diseases and Baseline eGFR) for the
. An |ncrea§e from base||r.1e Hb by 22.0 g/dL and comparing roxadustat to darbepoetin alfa. difference
in any patient with baseline Hb <8.0 g/dL Alternatively, use of standard normal statistic between
As measured at two consecutive visits proposed by Gart and Nam was also permitted. | groups is
separated by at least five days during the first 0.15
24 weeks of treatment without administration of
rescue therapy prior to Hb response)
Secondary endpoint(s)
Hb maintenance Hb (g/dL) change from baseline to the average PPS Analysis method: MMRM. Non-
Hb in weeks 28 to 36, without having received Categorical variables: Treatment group, region, | inferiority was
rescue therapy within six weeks prior to and history of cardiovascular, cerebrovascular or concluded if
during this eight-week evaluation period thromboembolic disease, visits and visits by the lower
treatment as categorical variables. BL Hb, BL bound of the
Hb by visit and BL eGFR as continuous 95% CI of the
covariates. difference
was LSM is >-
0.75 g/dL
LDL cholesterol Change from baseline in LDL cholesterol FAS Analysis method: MMRM. Superiority
(mmol/L) to the average LDL cholesterol of Categorical variables: Treatment group, region,
weeks 12 to 28 history of cardiovascular, cerebrovascular or
thromboembolic disease, visits and visits by
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Testing (non-

average MAP value in weeks 20 to 28

Categorical variables: Treatment group, region,
history of cardiovascular, cerebrovascular or
thromboembolic disease, visits and visits by
treatment as categorical variables. BL MAP, BL
Hb and BL eGFR as continuous covariates.

Classification Outcome Her i Statistical method used inferiority or
assessed .
superiority)
treatment as categorical variables. BL LDL, BL
Hb and BL eGFR as continuous covariates.
Rescue medication Time to first use of IV iron in weeks 1-36 (per FAS Method: Cox regression + Kaplan-Meier. Superiority

100 patient years at risk) Covariates: Stratified on Region, history of
cardiovascular, cerebrovascular or
thromboembolic disease and adjusted on BL
Hb, BL eGFR as continuous covariates.

HRQoL Change from baseline in SF-36 PF subscore PPS Analysis method: MMRM. Non-

(points) in weeks 12—-28 Covariates: Treatment group, region, history of | inferiority was
cardiovascular, cerebrovascular or concluded if
thromboembolic disease, visits and visits by the lower
treatment as categorical variables. BL Hb, BL bound of the
SF-36 PF subscore and BL eGFR as 95% CI of the
continuous covariates. difference of

LSM was >-3
points
HRQoL Change from baseline in SF-36 VT subscore PPS Analysis method: MMRM. Non-

(points) in weeks 12—-28 Categorical variables: Treatment group, region, | inferiority was
history of cardiovascular, cerebrovascular or concluded if
thromboembolic disease, visits and visits by the lower
treatment as categorical variables. BL Hb, BL bound of the
SF-36 VT subscore and BL eGFR as 95% CI of the
continuous covariates difference of

LSM was >-3
points
CV profile Change from baseline in MAP (mmHg) to the PPS Analysis method: MMRM. Non-

inferiority was
concluded if
the upper
bound of the
95% CI of the
difference of
LSM was <1
mmHg
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Testing (non-

hypertension (defined as [SBP 2170 mmHg
and SBP increase from BL 220 mmHg] or [DBP
=110 mmHg AND DBP increase from BL =215
mmHg]) during weeks 1 to 36

Meier.

Covariates: Stratified on treatment group,
region and history of cardiovascular,
cerebrovascular or thromboembolic disease
and adjusted on BL Hb, BL eGFR as
continuous covariates.

Classification Outcome FCTUIELTE Statistical method used inferiority or
assessed .
superiority)
CV profile Occurrence and time to first occurrence of PPS Analysis Method: Cox regression + Kaplan- Non-

inferiority was
concluded if
the lower
bound of the
95% CI of the
difference
was LSM is >-
0.75 g/dL

Abbreviations: BL: baseline; Cl: confidence intervals; CV: cardiovascular; DBP: diastolic blood pressure; FAS: full analysis set; Hb: haemoglobin; HRQoL: health-related quality of life; ITT: intention-to-treat; IV:
intravenous; LDL: low density lipoprotein; LSM: least squares mean; MAP: mean arterial pressure; PF: physical functioning; PPS: per protocol set; SBP: systolic blood pressure; SF-36: short form 36 health survey
guestionnaire; US: United States; VT: vitality.
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B.24.4 Participant flow

The participant flows for all studies are described in detail in Appendix D, Section

D.1.2. The number of patients randomised in each trial are presented in Table 12.

Table 12. Patient randomization in each trial (NDD population)

il Total patients Total pat.ients Randomisation to each study arm
enrolled randomised Roxadustat Comparator*
ALPS (43) 1,051 597 394 203
ANDES (46) 1,672 922 616 306
OLYMPUS (45) 5,222 2,781 1,393 1,388
DOLOMITES (42) 930 616 323 293

Notes: *Comparator denotes placebo for ALPS, ANDES and OLYMPUS trials, and darbepoetin alfa for DOLOMITES trial.

B.2.5 Quality assessment of the relevant clinical effectiveness
evidence

Overall, the ALPINE phase lll clinical trials for roxadustat met all quality standards
and followed good clinical practices. Randomisation in the trials was carried out
appropriately such that baseline characteristics were well balanced across treatment
arms. Patients and investigators remained blinded throughout the placebo-controlled
studies. The quality of study data across all trials presented in this submission was
assured through monitoring of investigational centres, provision of appropriate
training for study personnel, and use of data management procedures. A good
clinical practice audit program was undertaken to ensure compliance with its
procedures and to assess the adequacy of its quality control measures. Audits were
conducted by a Global Quality Assurance group operating independently of the study
monitors and in accordance with documented policies and procedures, which were
directed towards all aspects of the clinical study process and its associated

documentation.

B.2.6 Clinical effectiveness results of the relevant trials

Unless stated otherwise, all data in this section originate from the ALPS, ANDES,
OLYMPUS, and DOLOMITES clinical study reports or key publications (42, 43, 45,
46, 52-55). A summary of the methodology and key results of four phase Il trials in
DD patients are presented in Appendix L.

The clinical effectiveness results are provided separately for each trial as reported in

the CSRs and publications. However, the economic analyses were informed by a
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pooled dataset from all four studies in the NDD population. Detailed reports of all
analyses conducted on individual patient data (IPD) to inform the economic model
are provided in Section B.3 and the IPD Report (56).

B.2.6.1 ALPS

B.2.6.1.1 Primary endpoint

ALPS met its primary endpoint, demonstrating statistical superiority of roxadustat to
placebo in terms of response rate to treatment during the first 24 weeks without
rescue therapy. The primary analysis was conducted on the FAS population. Overall,
79.2% of patients in the roxadustat treatment group achieved a Hb response
compared with 9.9% in the placebo group. The difference in proportions was 69.3%
(95% confidence interval [Cl]: 63.7%, 75.1%; P<0.001) (Table 13) (43).

Table 13. Hb response without rescue therapy (FAS population)

Roxadustat Placebo Difference of Odds ratio
(N=389) (N=203) proportions
Number of responders, n (%) | 308 (79.2%) 20 (9.9%) 69.3% 34.74
20.48, 58.93
0, )
95% CI 74.8, 83.1 6.1, 14.8 63.6, 75.1 P<0.001

Abbreviations: Cl: confidence intervals; FAS: full analysis set.

B.2.6.1.2 Key secondary endpoints

Key secondary endpoints were analysed in a predefined, sequence. In the
sequentially tested key secondary endpoints, superiority of roxadustat versus
placebo was demonstrated for Hb change from baseline to the average of weeks 28-
36, low density lipoprotein (LDL) cholesterol change from baseline to the average of
weeks 12-28, and time to use of rescue medication. The study did not demonstrate
statistical superiority of roxadustat versus placebo for changes in the 36-ltem Short
Form Survey (SF-36) vitality (VT) and physical functioning sub scores (Table 14)
(43).
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Table 14. Summary of secondary endpoints

Population

over time (ml/min per 1.73 m?2); difference of LSM (95% ClI) *

Classification Endpoint assessed Roxadustat vs. placebo Test type
. Change from baseline to the average Hb in weeks 28-36 (g/dL); 1.599 (1.41,1.78) Superiority met
Hb maintenance | e once of LSM (95% Cl) FAS | pog.001
Change from Baseline in LDL cholesterol to the Average LDL -0.701 (-0.83, -0.57) Superiority met
LDL Cholesterol Cholesterol (mmol/L) in Weeks 12 to 28 FAS | p<0.001
o Use and time to use of rescue therapy during the efficacy 0.238 (0.17, 0.33) Superiority met
Rescue medication | 0 ont period *; HR (95% Cl) FAS | peg 001
Change from baseline in SF-36 VT subscore to the average SF-36 1.127 (-0.19, 2.44) Superiority not
HRQoL VT in weeks 12-28 (points); difference of LSM (95% CI) FAS P=0.093 met
Change from baseline in SF-36 PF subscore to the average SF-36 0.713 (-0.56, 1.98) Superiority not
HRQoL PF in weeks 12-28 (points); difference of LSM (95% Cl) FAS P=0.270 met
Change from baseline in the FACT-An AnS to the average of
HRQoL weeks 12 to 28 FAS
Change from baseline in the FACT-An total score to the average
HRQoL of weeks 12 to 28 FAS
. Change from baseline in MAP to the average MAP value of weeks
CV profile 20 to 28 (mmHg); difference of LSM (95% ClI) * FAS
Occurrence and time to first occurrence of hypertension (defined
as either systemic blood pressure >170 mmHg AND an increase
CV profile from baseline 220 mmHg or as diastolic blood pressure >110 FAS
mmHg and an increase from baseline of 215 mmHg; HR (95%
Ch*
. ) Rate of progression of CKD measured by annualised eGFR slope
Kidney function FAS

Notes: $The efficacy emergent period is defined as the evaluation period from the analysis date of first dose intake up to seven days after the analysis date of last dose or EOT visit, whichever occurs first. *These key

secondary endpoints were not included in the hierarchical testing procedure.

Abbreviations: CKD: chronic kidney disease; CV: cardiovascular; eGFr: estimated glomular filtration rate; FAS: full analysis set; Hb: haemoglobin; HR: hazard ratio; HRQoL: health-related quality of life; LDL: Low Density

Lipoprotein; LSM: least square mean; MAP: mean arterial pressure; PF: physical functioning; SF-36: short form 36 health survey questionnaire; US: United States; VT: Vitality.
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B.2.6.1.3 Additional analyses

IV iron supplementation
The incidence rate per 100 patient years at risk for patients receiving IV iron was
Il in the roxadustat group (Jl]) compared with the placebo group (Jl}), hazard

ratio (HR) of || ll95% C!: | ; =B, showing superiority of roxadustat
compared with placebo (Table 15) (43).

Table 15. Time to first use of IV iron during efficacy emergent period (FAS population)

Roxadustat Placebo
(n=389) (n=203)
Number of patients with 1V iron, n (%) _ -—
Cumulative time at risk (years) i -
Incidence rate (per 100 patient years at risk) —' —'
HR (95% Cl) I

P value -

Abbreviations: IV: intravenous; HR: hazard ratio; TEAE: treatment-emergent adverse event; NCI CTC: National Cancer Institute - common
terminology criteria for adverse events; SAF: safety analysis set.

EuroQol five-dimension five level (EQ-5D-5L)
The mean (SD) change from baseline in the EQ-5D-5L score to the average of
weeks 12 to 28 was greater in the roxadustat group | GGz compared with

the placebo group | Vean change from baseline at week 12 was ||li}

I i the roxadustat group compared with || | I in the placebo group
(43).

B.2.6.2 ANDES

B.2.6.2.1 Primary endpoint

ANDES met its primary endpoint, demonstrating statistical superiority of roxadustat
to placebo in terms of response rate to treatment during the first 24 weeks of
treatment without patients having received rescue therapy. Overall, 86% of patients
in the roxadustat treatment group achieved a Hb response compared with 6.6% in
the placebo group. The odds ratio (OR) (OR=77.56 95% Cl:44.73, 134.48 p<0.001)

was statistically significant and clinically meaningful (Table 16) (46).

Table 16. Hb response without rescue therapy (FAS population)

Roxadustat Placebo .
(N=608) (N=305) Odds Ratio
Number of responders, n (%) 523 (86.0) 20 (6.6) 77.56
95% ClI 83.0, 88.7 4.1,9.9 44.73, 134.48; P<0.0001

Abbreviations: Cl: confidence interval; FAS: full analysis set.

Company evidence submission template for roxadustat for treating anaemia in adult patients
with chronic kidney disease [ID1483]

© Astellas (2021). All rights reserved Page 63 of 379



B.2.6.2.2 Key secondary endpoints

In the sequentially tested key secondary endpoints, superiority of roxadustat versus
placebo was demonstrated for Hb change from baseline to the average of weeks 28-
36, baseline to the average of weeks 28-36 in inflamed patients, LDL cholesterol
change from baseline to the average of weeks 12-28, and time to use of rescue
medication. The study did not demonstrate statistical superiority of roxadustat versus

placebo rate of change in estimated glomerular filtration rate (¢eGFR) over time (46).
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Table 17. Summary of key secondary endpoints

(95% Cl)

P=0.0140

Classification Outcome Pkt AT T PR Conclusion
assessed (Cl)
Mean change from baseline in Hb averaged over eight-weeks of 1.88 (1.730, 2.037)
Hb maintenance treatment at weeks 28 to 36 without rescue therapy; difference FAS ' ) T Superiority met
. o P<0.0001
in LSM (95% CI)
Mean change from baseline in Hb during the evaluation period 1.90 (1.66, 2.14)
Hb maintenance (defined as week 28 until week 52) in patients with baseline FAS P.<O 00'01 T Superiority met
CRP >ULN; difference in LSM (95% CI) '
Mean change from baseline in Hb averaged over eight-weeks of 1.64 (1.34, 1.94)
Hb maintenance treatment at weeks 28 to 36 for patients on a QW dose FAS P.<O 00'01 T Superiority met
frequency; difference in LSM (95% CI) '
Mean change from baseline in Hb averaged over eight-weeks of 2.24 (1.96, 2.52)
Hb maintenance treatment at weeks 28 to 36 for patients on a BIW dose FAS P.<O 00'01 T Superiority met
frequency; difference in LSM (95% CI) '
Mean change from baseline in Hb averaged over eight-weeks of 1.93 (1.79, 2.08)
Hb maintenance treatment at weeks 28 to 36 for patients on a TIW dose FAS P.<O 00'01 T Superiority met
frequency; difference in LSM (95% CI) '
Hb response Proportion of patients with Hb level 210 g/dL between week 28 FAS OR: 15.47 (10.79, 22.19) Superiority met
P to 36, without use of rescue therapy; odds ratio (95% CI) P<0.0001 P y
Mean change from baseline in LDL cholesterol averaged over -17.26 (-20.65, -13.87) .
LDL Cholesterol | \yooks 12 to 28; difference in LSM (95% Cl) FAS | p<0.0001 Superiority met
o Proportion of patients who received rescue therapy in the first 0.19 (0.14, 0.28) .
Rescue medication | ) \ooks of treatment; HR (95% CI) FAS | p<0.0001 Superiority met
Mean change from baseline in SF-36 VT subscore averaged 1.22 (0.15, 2.23) .
HRQoL over weeks 12 to 28; difference in LSM (95% CI) FAS | p=0.026 Superiority met
Mean change from baseline in SF-36 PF subscore averaged 0.60 (-0.40, 1.60) .
HRQoL over weeks 12 to 28; difference in LSM (95% CI) FAS | p=0.2380 Superiority not met
Changes in FACT-An Anaemia Subscore from baseline to E I
HRQol mean value during week 28 to 52 -
Changes in total FACT-An scores from baseline to mean value
HRQol during week 28 to 52 -
Changes in adjusted LS mean EQ-5D-5L index values from
HRQol baseline to mean value during week 28 to 52 -
Rate of change in eGFR over time adjusted by baseline eGFR, 253 (0.51, 4.55)
eGFR censored at dialysis or kidney transplant; difference in LSM FAS : PP Superiority not met
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Population

Roxadustat vs. placebo

Classification Outcome Conclusion
assessed (CI)

Rescue medication Time to RBC transfusion in the first 52 weeks of treatment; FAS 0.26 (0.14, 0.45) Superiority met
difference in LSM (95% CI) P<0.0001 P y
Mean change from baseline in MAP averaged over weeks 20 to 0.36 (0.74, 1.47) .

Blood pressure 28: OR FAS P=05180 Superiority not met
Time to (and proportion of patients with) worsened 1.16 (0.83, 1.62) L

Blood pressure hypertension; OR FAS P=0.3814 Superiority not met

Abbreviations: BIW: twice weekly; CFB: Change from baseline; CRP: c-reactive protein; eGFR: estimated glomerular filtration rate; FAS: full analysis set; Hb: haemoglobin; HRQoL: health-related quality of life; hsCRP:
high-sensitivity C-Reactive Protein; ITT: intention-to-treat; IV: intravenous; LDL: low density lipoprotein; MAP: mean artierial pressure; OR: odds ratio; QW: Once weekly; TIW: Three time weekly; ULN: upper limit of

normal; US: United states.
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B.2.6.2.3 Additional analyses

IV iron supplementation
Over the entire treatment period, results for reducing risk of IV iron therapy favoured
roxadustat but there was no significant difference between the treatment arms
(incidence rate per 100 patient exposure years [PEY], HR: | (95%: | EGEGB;

p=I) (46).

Table 18. Time to first use of IV iron ANDES

Trial ANDES

Treatment arms Roxadustat Placebo
(n=608) (n=305)

Number of patients with IV iron,

n (%) I I

Cumulative time at risk (years)

Incidence rate (per 100 patient

years at risk) H .

HR |

95% ClI I

P value [ ]

Abbreviations: NR: not reported; Cl: confidence intervals; HR: hazard ratio; IV: intravenous.
EQ-5D-5L

The mean (SD) change from baseline averaged over Weeks 12-28 in EQ-5D-5L
score was [ i the roxadustat arm vs. || lllin the placebo arm.
The least squared mean difference between the two treatment arms was 2.00 (|l
[95% C!: | G, with o=Illsignificant improvement in EQ-5D-5L score for
roxadustat vs. placebo) (46).

B.2.6.3 OLYMPUS

B.2.6.3.1 Primary endpoint

OLYMPUS met primary endpoint, demonstrating statistical superiority of roxadustat
to placebo in terms of response rate to treatment during the first 24 weeks of
treatment without patients having received rescue therapy. The primary analysis was
conducted on the FAS population. Overall, 77.0% of patients in the roxadustat
treatment group achieved a Hb response compared with 8.5% in the placebo group.
The relative risk (RR) (RR: 9.12 [95% CI: 7.63, 10.89 p<0.001]) was statistically
significant and clinically meaningful (Table 19) (45).
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Table 19. Hb response without rescue therapy (FAS population)

Roxadustat Placebo Relative risk
(N=1371) (N=1357)
Number of responders n (%) 1055 (77.0%) 115 (8.5%) 9.12
95% ClI N/A N/A 7.63, 10.89; P<0.001

Abbreviations: Cl: confidence intervals; FAS: full analysis set; N/A: not applicable.

B.2.6.3.2 Key secondary endpoints

Key secondary endpoints were analysed in a fixed, predefined sequence (Table 20).
In the sequentially tested key secondary endpoints, superiority of roxadustat versus
placebo was demonstrated for Hb change from baseline to the average of weeks 28-
36, LDL cholesterol change from baseline to the average of weeks 12—-28, and time
to use of rescue medication. The study did not demonstrate statistical superiority of
roxadustat versus placebo for changes in the SF-36 VT and physical functioning

subscores (45).
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Table 20. Summary of secondary endpoints

Classification Endpoint epEiEn Roxadustat vs. placebo Test type
assessed
Change in Hb from baseline to the average Hb from weeks 28-52 for .
Hb maintenance patients with baseline hsCRP greater than the ULN; difference in LSM ITT I13<1(:)3 (()%191 1.39) Supen(t)rlty
(95% Cl) ' me
Hb maintenance Proportion of total time of interpolated Hb values 210 (g/dL) from weeks FAS 0.50 (0.47, 0.52) Superiority
28 to 52 210 (g/dL) from weeks 28 to 52; difference in LSM (95% CI) P<0.001 met
Hb maintenance Proportion of total time of interpolated Hb values 10-12 (g/dL) from T 0.42 (0.40, 0.45) Superiority
weeks 28 to 52; difference in LSM (95% ClI) P<0.001 met
Mean change from LDL cholesterol (mmol/L) from baseline to week 24; -0.36 (-0.42, -0.29; Superiority
LDL Cholesterol | jitterence in LSM (95% Cl) T | P<0.001 met
Iy Time to first instance of receiving IV iron, RBC transfusions, or 0.26 (0.23, 0.31) Superiority
Rescue medication erythropoietin analogue as rescue therapy; HR (95% CI) OT+28 P<0.001 met
I Time to first administration of an RBC transfusion as rescue therapy; HR 0.37 (0.30, 0.44) Superiority
Rescue medication (95% Cl) OT+28 P<0.001 met
HRQoL Change from baseline in SF-36 VT subscore (points) to the average VT ITT 0.44 (-0.11, 0.99) Superiority
subscore of weeks 12 to 28; difference in LSM (95% CI) P=0.120 not met
HRQoL Change from baseline in SF-36 PF subscore (points) to the average PF T 0.52 (0.0, 1.05) Superiority
subscore of weeks 12 to 28,; difference in LSM (95% ClI) P=0.051 not met
HRQoL Changes in total FACT-An scores from baseline to mean value during
week 28 to 52
Changes in adjusted LS mean EQ-5D-5L index values from baseline to
HRQoL !
mean value during week 28 to 52
HRQoL gzhanges in PGIC scores from baseline to mean value during week 28 to
Disease Rate of progression of CKD measured by annualised eGFR slope over ) . _ Superiority
progression time; difference in LSM (95% CI) T 0.51 (nominal P=0.046) not met

Abbreviations: BL: baseline; Cl: confidence intervals; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; FAS: full analysis set; Hb: haemoglobin; HRQoL: health-related quality of life; ITT: intention-
to-treat; IV: intravenous; OT+28: On-treatment plus 28 days; LSM: least squares mean; LDL: low density lipoprotein; MAP: mean arterial pressure; PF: physical functioning; RBC: red blood cell; SF-36: short form 36
health survey questionnaire; VT: vitality; ULN: upper limit of normal.
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B.2.6.3.3 Additional analyses

IV iron supplementation
In the OT+28 set, a [} proportion of patients in the roxadustat group received IV
iron compared with the placebo group (Il versus %), respectively (HRIJER

[95% Ci: | . <) (45).

Table 21. Time to first use of IV iron during efficacy emergent period (OT+28)
Roxadustat Placebo
n=1384 n=1376

Number of patients with IV iron, n (%)
Cumulative time at risk (years)

HR (95% Cl)

P value

Abbreviations: Cl: confidence intervals; ESA: erythropoiesis-stimulating agent; IV: intravenous; OT+28: On treatment+28 days.

EQ-5D-5L (Exploratory endpoint)
The mean (SD) change from baseline at Week 12 in EQ-5D-5L in the roxadustat
group and the placebo group was || EGEGzs. I -<spectively; least
squared mean difference: Jl}; 95% CI: . At all other time points (Week 28,
Week 52, and from Week 28 to Week 52), change from baseline in adjusted LS
mean EQ-5D-5L scores were ||l between the two treatment groups (45).

B.2.6.4 DOLOMITES

B.2.6.4.1 Primary endpoint
The DOLOMITES trial was the only head-to-head trial of roxadustat vs. ESA in the

NDD CKD population. Roxadustat was non-inferior compared to darbepoetin alfa in
terms of response to treatment in the first 24 weeks without rescue therapy. The
difference in proportion of responders was 11.5% (95% CI: 5.7%, 17.4%); which was
substantially larger than the pre-specified margin for non-inferiority (-15%) (Table

22). Change in Hb from baseline to week 36 is shown in Figure 7 (42).

Table 22. Hb response during first 24 weeks without use of rescue therapy (PPS
opulation)

Roxadustat | Darbepoetin alfa | Difference in Odds

(N=286) (N=273) proportion ratio

Number of responders, n (%) | 256 (89.5%) 213 (78.0%) 11.51% 2.48
95% CI 85.4,92.8 72.6,82.8 5.66, 17.36 1.53, 4.04

Abbreviations: Cl: confidence intervals; Hb: haemoglobin; PPS: per protocol set.
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Figure 7. Mean (x 95% CI) change from baseline in Hb to week 36 (PPS population)

Change from Baseline for Week 1 to Week 36

3.0+

Hemeglobin (g/dL) - Change from Baseline

Week 10 Week 12 Wieek 14 Week 15 Weei 18

Visit

| —€&—— Roxadustat — —— - Darbepoetin

Number of Subjects
Rocadustat 286 275 e e s Frli] mz 262 2631 %0 257 254 248 255 250 244 240

Darbepoctin 273 256 267 266 261 260 50 247 249 247 245 245 241 237 236 235 220

Abbreviations: Cl: confidence intervals; Hb: haemoglobin; PPS: per protocol set.

B.2.6.4.2 Key secondary endpoints

Most key secondary efficacy endpoints demonstrated non-inferiority of roxadustat to
darbepoetin alfa, including Hb change from baseline, health-related quality of life
(HRQoL) endpoints, changes in mean arterial pressure (MAP) and occurrence of
hypertension. Superiority was demonstrated for change in LDL cholesterol from
baseline and time to first IV iron use (Table 23) (42).
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Table 23. Summary of key secondary endpoints (DOLOMITES)

Classification Endpoint Feppker Roxadust_at vS. Conclusion
assessed darbepoetin alfa
. Hb (g/dL) change from baseline to week’s 28-36; 0.015 (-0.132, 0.161) e
Hb maintenance difference in LSM (95% Cl) PPS P=0.844 Non-inferiority met
LDL cholesterol (mmol/L) change from baseline to -0.404 (-0.510, -0.297) L
LDL cholesterol week's 12—28; difference in LSM (95% Cl) FAS P<0.001 Superiority met
Rescue medication Time to first use of IV iron in weeks 1-36; incidence FAS 0.46 (0.27, 0.80) Superiority met
rate (per 100 patient years at risk); HR (95% CI) P=0.006 P y
Change from baseline in SF-36 PF subscore (points) -1.280 (-2.420, -0.141) C e
HRQol in weeks 12-28; difference in LSM (95% CI) e P=0.028 Non-inferiority met
Change from baseline in SF-36 VT subscore (points) -0.420 (-1.622, 0.781) e
HRQoL in weeks 12-28; difference in LSM (95% CI) PPS P=0.492 Non-inferiority met
Change from baseline in the FACT-An AnS to the
HRQol average of weeks 12 to 28 FAS
Change from baseline in the FACT-An total score to
HRQol the average of weeks 12 to 28 FAS
Change from baseline to weeks 12 to 28 in the EQ-
HRQoL 5D-50 VAS FAS
. MAP (mmHg) change from baseline to average of -0.362 (-1.577, 0.852) e
CV profile weeks 20-28; difference in LSM (95% Cl) PPS P=0.558 Non-inferiority met
Time to first occurrence of hypertension in weeks 1— .
CV profile 36; incidence rate (per 100 patient years at risk) (95% PPS EEO 25927 (0.56, 1.22) Non-inferiority met
CI) '
. MAP (mmHg) change from baseline to average of
CV profile weeks 20-28; difference in LSM (95% Cl) FAS
Time to first occurrence of hypertension in weeks 1—
CV profile 36; incidence rate (per 100 patient years at risk) (95% FAS F *
Cl)

Abbreviations: Cl: confidence intervals; CV: cardiovascular; BL: baseline; FAS: full analysis set; Hb: haemoglobin; HR: hazard ratio; HRQoL: health-related quality of life; IV: intravenous; LSM: least squares mean; LDL: low
density lipoprotein; MAP: mean arterial pressure; PF: physical functioning; PPS: per protocol set; SF-36: short form 36 health survey questionnaire; VT: vitality.
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B.2.6.4.3 Additional analyses

Use of IV iron supplementation
A lower proportion of patients in the roxadustat group compared with the darbepoetin
alfa group required IV iron during the efficacy emergent period (-vs -
respectively). The incidence rate per 100 patient years at risk for patients receiving
IV iron was lower in the roxadustat group compared with the darbepoetin alfa group
(s Il espectively); HR: ll95% CI: IR o)
I (42).

Table 24. Time to first use of IV iron during efficacy emergent period (FAS population)

Roxadustat Darbepoetin alfa
(n=322) (n=292)

Number of patients with IV iron, n (%) T
Cumulative time at risk (years) [ ] [ ]
Incidence rate (per 100 patient years at risk) [ [
HR ]
95% CI I
P value [ ]

Notes: T For patients who have received more than one IV iron, only their first event following study treatment is used.

Abbreviations: Cl: confidence intervals; FAS: full analysis set; HR: hazard ratio; IV: intravenous.

EQ-5D-5L
Mean baseline EQ-5D-5L scores were ||l between the treatment groups
(Il roxadustat vs [lilldarbepoetin alfa). There was an increase in EQ-5D-5L
scores in both treatment groups’ mean change from baseline to the average of
weeks 12 to 28 and weeks 36 to 52. This increase was [JJJlij in roxadustat group
as compared to the darbepoetin alfa group. The mean change from baseline in the
EQ-5D-5L scores during weeks 12 to 28 were [JJlland [l and for weeks 36 to 52
were -and -for the roxadustat group and darbepoetin alfa group respectively
(42).

B.2.7  Subgroup analysis

Results of the subgroup analyses conducted in all clinical trials are provided in

Appendix E.

B.2.7.1 ALPS

The results of all the subgroup analyses were consistent with the results for primary

efficacy analysis (proportion of patients who achieve Hb response). The results for
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all subgroups assessed (sex, age, region, baseline Hb, baseline CVD history,
baseline eGFR, baseline C-reactive protein (CRP) and baseline TSAT and ferritin;
P<0.001 for all subgroups) were consistent with the analysis of first key secondary
endpoint. For all subgroups assessed (sex, age, region, baseline Hb, baseline CVD
history and baseline eGFR; P<0.05 for all subgroups) were consistent with the
analysis of the second key secondary endpoints (Hb change from baseline to the
average Hb, without rescue therapy and change from baseline in LDL cholesterol to

the average LDL cholesterol) (43).

B.2.7.2 ANDES

The subgroup analyses results were consistent with the primary efficacy analysis
(proportion of patients who achieve Hb response). It was demonstrated that
roxadustat significantly increases Hb compared to placebo irrespective of sex, age,
baseline eGFR and CKD stage, as well as baseline Hb, CVD history, iron repletion
status, and inflammation status as indicated by baseline CRP level. The treatment
effect magnitude in each of these subgroups was consistent with the observed

treatment effect for the overall population (46).

B.2.7.3 OLYMPUS

The results of the subgroup analyses of the key secondary endpoint (Change in Hb
from baseline to the average Hb) were comparable to the analysis results of the
main population. Subgroups include age, gender, race, baseline weight, body mass
index (BMI), geographical region, CVD history, baseline Hb value, baseline eGFR

value, diabetes history, baseline CRP, and baseline iron repletion status (45).

B.2.7.4 DOLOMITES

The results of all patient subgroup analyses (sex, age, geographical region, Hb at
baseline, history of CVD, eGFR, CRP at baseline, TSAT and ferritin) for Hb response
rate without rescue therapy (PPS) and regardless of rescue therapy use (FAS) were
consistent with the primary efficacy analysis (proportion of patients who achieve Hb
response). Results from the subgroup analyses were comparable to the overall
population in each of the secondary endpoints (Hb change from baseline to the
average Hb, without rescue therapy, change from baseline in LDL cholesterol to the

Company evidence submission for roxadustat for treating anaemia in people with chronic
kidney disease

© Astellas Pharma (2021). All rights reserved Page 74 of 379



average LDL cholesterol, time to first use of IV iron and change from baseline in SF-
36 PF and VT subscores) (42).

B.2.8 Meta-analysis

Treatment guidelines suggest that all short-acting or long-acting ESA are considered
equivalent to each other in terms of efficacy at equivalent doses (1, 11, 36). This has
also been validated by several studies concluding equivalent efficacy of ESA (having
similar duration of action) at equivalent doses (57-61) and clinical expert feedback
(39).

ESA treatment effect was derived from the DOLOMITES study. All other ESA used
in the model were assumed to have the same efficacy and safety at equivalent

doses (see section B.3.3.3).

B.2.9 Indirect and mixed treatment comparisons

As per the rationale described in section B.2.8, no indirect and mixed treatment

comparisons were conducted.

B.2.10 Adverse reactions

This section provides an overview of key safety data from the roxadustat clinical
trials conducted in the NDD population (42, 43, 45, 46). The main safety outcome in
these trials was major adverse cardiovascular events (MACE) (a composite of all-
cause mortality [ACM], myocardial infarction [MI] and stroke), and MACE+ (a
composite of ACM, MI, stroke and hospitalisation for either unstable angina or
congestive heart failure). The data presented in the following sections for MACE and

MACE+ was sourced from the SmPC provided in Appendix C.

Disaggregated results concerning the number of MI, stroke and vascular access
thrombosis (VAT) AEs are also detailed in the following sections, as these were the

key adverse events included in the economic analyses (see section B.3.4.4)

Additional safety results (early discontinuation and treatment emergent adverse
events occurring in 25% of patients) are provided separately for each NDD trial in
Appendix F.
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B.2.10.1 Cardiovascular safety

A meta-analysis of adjudicated MACE and MACE+ events was conducted to
synthesize the information from the roxadustat phase 3 program. MACE, MACE+,
and ACM outcomes were analysed for two relevant datasets using the pooled

hazard ratio (HR) and its 95% confidence interval (Cl). The two datasets included:

e A pooled placebo-controlled dataset in NDD patients (includes patients from
studies OLYMPUS, ANDES and ALPS)

e A pooled ESA-controlled dataset in NDD and incident dialysis (ID) patients
(includes patients from studies DOLOMITES, HIMALAYAS, SIERRAS and
ROCKIES)

B.2.10.1.1 MACE

Pooled placebo analysis
In the NDD placebo-controlled trials, the analysis for MACE, MACE+ and ACM
included all data from the start of study treatment until the end of post treatment
safety follow-up (ITT). HRs were 1.10, 1.07 and 1.08, with upper limits of the 95%
Cls of 1.27, 1.21 and 1.26, respectively. The ITT analysis has been included to
illustrate an imbalance in risk distribution favouring placebo in the on-treatment
analysis. The on-treatment analyses used a Cox model weighted inversely for the
probability of censoring (IPCW method) which aims to correct for follow-up time
differences between roxadustat and placebo including identified contributors to
increased risk and early discontinuation, in particular eGFR determinants and Hb at
baseline and over time. Whether any residual confounding is present with this model
remains uncertain. The HRs for the on-treatment analyses were 1.26, 1.17 and 1.16
for MACE, MACE+ and ACM, respectively. The results of the analyses are

summarized in Table 25.

Table 25. CV safety and mortality in placebo controlled NDD pool

MACE MACE+ ACM
Rox::j L Placebo Rox::j = Placebo Rox::j = Placebo
n= 2386 n = 1884 n= 2386 n = 1884 n= 2386 n = 1884

On treatment

Number of
ovents (%) l — LLL —
-

FAIR H H | | |

HR (95% Cl) I | I
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MACE MACE+ ACM
Rox:td = Placebo Roxaatd iz Placebo Roxaafl Lz Placebo
n=2386 | M- 1884 | _o3g | N=1884 | |38 | N=1884

ITT
Number of
events (%)
FAIR [ ] [ ] [ ] [ ] [ | [ |
HR (95% Cl) I I I

Abbreviations: ACM: all-cause mortality; ACM is a component of MACE/MACE+. Cl: confidence interval; FAIR: follow-up adjusted incidence
rate (number of patients with event/100 patient years); HR: hazard ratio; ITT: intent-to-treat; MACE: major adverse cardiovascular event
(death, non-fatal myocardial infarction and/or stroke); MACE+: major adverse cardiovascular event including hospitalisations for either
unstable angina and/or congestive heart failure.

Pooled ESA analysis
In the Hb correction setting of NDD and ID, patients baseline characteristics and
treatment discontinuation rates were comparable between the pooled roxadustat and
pooled ESA patients. The analysis for MACE, MACE+ and ACM observed on
treatment showed HRs of 0.79, 0.78 and 0.78, with upper limits of the 95% Cls of
1.02, 0.98 and 1.05, respectively. The on-treatment analyses support no evidence of
increased cardiovascular safety or mortality risk with roxadustat compared with ESA

in CKD patients requiring Hb correction. The results are summarised in Table 26.

The pooled ESA analysis include patients from trials that were not considered
relevant to the decision problem covered in this submission, as these patients were
receiving dialysis before treatment initiation. However, the DOLOMITES trial (42)
was not powered to show a difference in the frequency of MACE between roxadustat
and ESA. The pooled ESA analysis was therefore considered the most appropriate

to show the comparable risk of CV safety between roxadustat and ESA.

Table 26. CV safety and mortality in ESA controlled pool

MACE MACE+ ACM
Rox::iust ESA Rox:tdust ESA Rox::iust ESA
n= 1083 n =1059 n= 1083 n = 1059 n= 1083 n = 1059

On treatment

Number of
onts (O I N DN N | .

events (%)

FAIR H H H I H H
HR (95% Cl) | I |

Abbreviations: ACM: all-cause mortality; ACM is a component of MACE/MACE+. Cl: confidence interval; FAIR: follow-up adjusted incidence
rate (number of patients with event/100 patient years); HR: hazard ratio; ITT: intent-to-treat; MACE: major adverse cardiovascular event
(death, non-fatal myocardial infarction and/or stroke); MACE+: major adverse cardiovascular event including hospitalisations for either
unstable angina and/or congestive heart failure.

Company evidence submission for roxadustat for treating anaemia in people with chronic
kidney disease

© Astellas Pharma (2021). All rights reserved Page 77 of 379




B.2.10.1.2 Key adverse events

In a pooled analysis of NDD trials roxadustat showed a higher percentage of patients
having MI, stroke, and VAT events compared to placebo (62). Compared to ESA, in

the DOLOMITES trial roxadustat showed a smaller percentage of patients having Ml
and strokes, and a higher percentage of patients having VAT events (Table 27) (62).

Table 27. NDD pooled and DOLOMITES trial key adverse events

NDD Pooled (OT+28) DOLOMITES (SAF)
Number of Roxadustat Placebo Roxadustat ESA (N=293)
events(%) (N=2386) (N=1884) (N=323)
M | 1l N N
Stroke B | e || I
Vascular access
thrombosis (VAT) ] ] ] ]

Abbreviations: MI: myocardial infarction, VAT: vascular access thrombosis; SAF: safety analysis set

B.2.11 Ongoing studies

There are currently three ongoing studies investigating roxadustat, however, none
are expected to provide additional evidence within the next 12-months. One, being
conducted in Japan is not expected to report until 2023, and two in the US which are

not relevant for the target population in this submission.

B.2.12 Innovation

Roxadustat is a first-in-class oral HIF-PH offering a new approach to the
management of anaemia associated with CKD compared to current standard of care.
It leverages the body’s natural capacity (oxygen sensing or HIF pathway) to promote
a coordinated erythropoiesis, activating several genes that stimulate EPO production
and improve iron regulation, overcoming the negative impact of inflammation by
downregulating hepcidin (40).

Roxadustat achieves and maintains target Hb response without the need for
increased doses over time regardless of patient inflammation status, and reduces
the use of IV iron supplementation (42, 43, 45, 46). Due to its oral administration,
roxadustat may reduce costs associated with administration of ESA for those
patients who cannot self-administer. Roxadustat reduces the need for IV iron
infusions, thus reducing the burden associated with IV iron administration (42). In
addition, roxadustat does not require cold-chain storage and transit or refrigeration in

the patient’s home as well as additional considerations related with disposal (once
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syringes are used, they become biohazard material and require specific ways of

disposal and destruction).

Roxadustat clinical data also supports a comparable benefit/risk profile in terms of

cardiovascular and mortality risk compared to ESA (42).

B.2.13 Interpretation of clinical effectiveness and safety evidence

In ALPS, ANDES and OLYMPUS (43, 45, 46) (placebo-controlled trials), roxadustat
achieved statistical superiority in the primary endpoint (Hb response rate) and
demonstrated an important treatment benefit in achieving and maintaining Hb target
doses while reducing the need for IV iron supplementation. In the DOLOMITES trial
(42), roxadustat demonstrated non-inferiority against ESA in the primary efficacy
endpoint (Hb response and maintenance) and numerically halved the number of
non-responders during the first 24 weeks of treatment compared to ESA (10.5% vs.
22.0%). As well, patients receiving roxadustat needed fewer IV iron infusions
compared to ESA (42), and placebo (43, 45, 46).

It should be noted that the main endpoint of the DOLOMITES trial (42) (non-
inferiority for the primary efficacy endpoint of Hb response using a margin for the
difference of proportions of 15% for roxadustat versus darbepoetin alfa, assuming at
least 80% of patients in both treatment groups achieved a response) was defined in
agreement with the EMA. A non-inferiority trial design is common when assessing
the efficacy of a treatment to correct Hb levels versus an active comparator. Hb
targets are guideline driven after pivotal trials with ESA demonstrated that increasing
Hb levels above these target ranges were linked to adverse outcomes including

increased CV risk.

Regarding safety, the key data for the target population were CV events. The
analyses of adjudicated MACE (a composite of ACM, MI and stroke), and MACE+ (a
composite of ACM, MI, stroke, and hospitalisation for either unstable angina or
congestive heart failure) were therefore the main endpoints used to evaluate the
safety of roxadustat. Due to lack of statistical power of the individual roxadustat trials
to demonstrate significant differences in these composite endpoints, a meta-analysis
of MACE and MACE+ was conducted using pooled data from the ALPINE program
(42, 43, 45, 46). Given the decision problem presented in this submission, the key
results were those analysing the pooled ESA-controlled dataset in NDD and incident
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dialysis patients (including patients from DOLOMITES, HIMALAYAS, SIERRAS and
ROCKIES clinical trials). In this analysis, roxadustat demonstrated a comparable
benefit/risk profile in terms of cardiovascular and mortality risk compared to ESA. It
should also be noted that although the DOLOMITES trial was not powered to show
differences in MACE and MACE+, the results showed a favourable numerical trend
for roxadustat (HRs: 0.81 and 0.90 respectively) (42). This evidence combined with
the results of the primary trials shows roxadustat provides a robust benefit on
anaemia management while the patient’s safety and quality of life is not

compromised and, on some levels, remains better as compared to ESA.

Roxadustat is positioned as an alternative to ESA for the treatment of adult patients
with symptomatic anaemia associated with CKD who are NDD at the time of
treatment initiation. Due to the progressive nature of CKD, it is expected that a
proportion of patients whose anaemia is appropriately managed with roxadustat will
require dialysis at some point of the CKD treatment pathway. The clinical data
presented in this submission includes these patients as in the four NDD clinical trials,
patients could continue roxadustat after starting dialysis. In addition, clinical experts
confirmed that patients whose anaemia is appropriately managed with roxadustat

should be allowed to continue treatment after starting dialysis.

Overall, the efficacy and safety results support a positive benefit/risk assessment of
the use of roxadustat in adult patients with symptomatic anaemia associated with

CKD who are NDD at the time of treatment initiation.
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B.3 Cost effectiveness

B.3.1 Published cost-effectiveness studies

In total, 13 publications assessing the cost-effectiveness of treatments for anaemia
associated with CKD were identified. Given the characteristics of the identified
models in terms of the population of interest, research question, and modelling
approach, none of the identified models provided a cost-effectiveness analysis fully
aligned with the decision problem covered in this submission. However, one study
reported the cost-effectiveness of roxadustat in NDD patients with anaemia
associated with CKD. Details of this publication are provided below. Please refer to

Appendix G for details of the remaining identified studies.

Hu et al. 2020 (63) explored the efficacy, tolerance, and cost-effectiveness of
roxadustat treatment for anaemia in patients with CKD not receiving dialysis. The
authors conducted a meta-analysis to evaluate the clinical efficacy and tolerance of
roxadustat for the correction of anaemia associated with CKD and developed a
Markov model to evaluate the cost-effectiveness of roxadustat against placebo.
Anaemia associated with CKD was classified by three disease states: Hb 10-12 g/dL
(target), Hb < 10 g/dL (below target), or dead. The patients could remain at the same
Hb level, transition to another Hb level, or die. The cycle length of the Markov model
was set to three months with a time horizon of five years. Given the focus of this
model was patients not receiving dialysis, the time horizon was selected based on
the average time NDD patients take to progress to dialysis. Only direct medical
costs, including the cost of drugs, routine blood and blood biochemical examinations,
management of adverse events, and blood transfusion, were considered in the
Markov model. The utility associated with different Hb target levels was based on the

literature.

In comparison with placebo, the use of oral roxadustat to treat anaemia associated
with CKD in NDD patients was more effective (3.36 quality adjusted life years
(QALYs) vs 2.87 QALYs), and costly ($14,282 vs $1,756 United States dollars
[USD]) over a five-year interval. The incremental QALY and incremental cost value
for roxadustat treatment in comparison with a placebo were 0.49 QALYs and 12,526
USD, respectively, resulting in an incremental cost-effectiveness ratio (ICER) of

$25,563 USD per QALY.
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B.3.2 Economic analysis

No previous Health Technology Assessment (HTA) submissions for treatments of
anaemia associated with CKD were identified, hence there was no precedent in any
preferred methods to model this disease area. From the economic analyses
identified through literature review no preferred method was identified, as authors
employed different modelling methods (empirical models, Markov models and patient
level simulations) and assumptions related to long term efficacy survival and QoL. In
addition, treatment dose (and costs) for anaemia associated with CKD is highly
related to treatment response and varies from patient to patient. Based on our
assessment, none of the identified models captured these costs in an accurate

manner.

Therefore, a de novo model was developed to estimate the costs and health
outcomes of roxadustat for the treatment of symptomatic anaemia associated with
CKD from a UK National Health Services (NHS) and Personal Social Services (PSS)

perspective.

B.3.2.1 Patient population

In line with the clinical efficacy data presented in section B.2, roxadustat expected
indication and the decision problem stated in section B.1, the cost-effectiveness

analysis evaluates roxadustat for the treatment of adult patients with symptomatic
anaemia associated with CKD who are NDD at the time of treatment initiation (all

patients were allowed to continue roxadustat after starting dialysis).

B.3.2.2 Model perspective
The perspective adopted for the analyses is that of the NHS and PSS in England

and Wales (in line with current NICE guidance) (64). Unless stated otherwise, all

costs are report in pounds sterling (2020/21).

B.3.2.3 Model structure

The model estimated costs and health outcomes for a hypothetical cohort of patients
with anaemia associated with CKD over a lifetime horizon (25 years). A three-month
cycle was considered appropriate for the decision problem addressed in the model.
The key clinical event of Hb level change is expected to occur multiple times a year

but not necessarily expected to change rapidly. Considering regular monitoring of Hb
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in clinical practice, a three-month cycle was considered appropriate to capture the
changes in Hb levels a patient may experience, as well as any resultant changes to

therapy.

Eight health states were defined to reflect the anaemia status based on different

ranges of Hb levels (Figure 8).

Figure 8. Model schematic
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Abbreviations: ESA: erythropoiesis-stimulating agents; Hb: haemoglobin; Tx: treatment; IV, intravenous; TRAE: treatment-related adverse
events; HRQoL: health-related quality of life; QALY: quality adjusted life year.

A hypothetical patient cohort was modelled on the demographic and baseline
characteristics from patients enrolled in the NDD roxadustat clinical trials (42, 43, 45,
46). Patient transitions were allowed between the eight Hb health states and death.
The transition probabilities between health states at each cycle were informed by

pooled analyses of IPD from the clinical trials as follows:

e The proportion of patients alive at each cycle was estimated using a

parametric function fitted to survival data

e Patients alive at the beginning of each cycle were distributed across the eight
Hb health states using a multinomial regression equation (time dependent
transition probabilities). The treatment (roxadustat or ESA) impacted the
transition probabilities over time
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e Another parametric function fitted to time to dialysis data was used to estimate

the proportion of patients on dialysis

In this process, costs and outcomes assigned for each health state were weighted by
the patient distribution in each cycle. Several parameters to estimate costs and

QALYs were also informed by IPD:

e Dosage of active therapy received (roxadustat or ESA)
e Supplementary iron usage

e Number of blood transfusions required per cycle

¢ HRQoL associated with each Hb health state

Outcomes that were captured implicitly within the model structure such as the
relationship between dialysis status, survival and HRQoL, and the relationship
between treatment related adverse events (TRAE), survival and HRQoL were not
analysed directly by any statistical analyses (Figure 8). Instead, the relationship
between the model inputs and these outcomes were based on the cohort average
from the sample obtained from the non-dialysis trials (42, 43, 45, 46). For example,
because survival was an explicitly modelled outcome in the model, the impact of
dialysis status on mortality was not modelled directly in the non-dialysis population,
but implicitly captured (i.e. it is an average of those who were not receiving dialysis
and those that start dialysis treatment). By not directly modelling the relationship
between all model inputs and outcomes, we avoid the possibility of double counting
the outcome in the cost effectiveness model (CEM) where multiple inputs may have

an impact on the outcome.

B.3.24 Intervention technology and comparators

The intervention considered for the analysis is roxadustat, a first in class oral HIF-
PHI, and the comparator of interest is ESA. As indicated by NG8, ESAs are
considered to have equal efficacy at equivalent doses. As such, ESAs have been
modelled as a class within the present analysis (11). The primary set of comparators
were selected to reflect UK clinical practice by including all available ESA in the
British National Formulary (BNF) (65-69), as shown in Table 28.
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Table 28. ESA therapies available in the BNF

Treatment Brand name
Epoetin alfa Eprex®

Epoetin beta NeoRecormon®

Epoetin zeta Retacrit®

Darbepoetin alfa Aranesp®

Methoxy polyethylene glycol-epoetin beta Mircera®

ESA are modelled as a class which assumes that the efficacy of treatment will not
vary by different types of ESA, as per the UK NICE guidelines (11). As well, the
comparators selected are in line with the phase Il clinical trials programme of

roxadustat described in detail in Section B.2.

Roxadustat is administered orally and ESA are administered either intravenously or

subcutaneously.

B.3.3 Clinical parameters and variables

The population baseline characteristics and main clinical inputs informing the model
have been obtained via IPD statistical analysis (56) of the non-dialysis trials (42, 43,
45, 46). A set of interrelated statistical equations have been used to generate
estimates of the lifetime costs and benefits associated with the interventions of
interest. Final model distributions were determined by the lowest Akaike Information
Criteria (AIC) score, visual fit to the raw data and clinical plausibility of the long-term
extrapolations (validated with clinical experts). Supporting materials around the IPD

analysis methodology can be found in the IPD analyses report (56).

B.3.3.1 Patient baseline characteristics

Patient baseline characteristics were informed by the NDD trials (42, 43, 45, 46).
Pooling was conducted by merging the different clinical trial datasets into one large
dataset, grouping by individual patients. Each clinical trial was assigned a unique
study identification to allow for nesting effects to be controlled for in all statistical

analyses.

The population characteristics from the pooled dataset of the four NDD trials (42, 43,
45, 46) which included roxadustat, ESA and placebo patients, (42, 43, 45, 46) are
presented in Table 29.

Table 29. Population characteristics

Characteristic Value

Number of individuals 4,847
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Starting age of population (years) 63.0

Proportion of patients: male 42.5%
Proportion of patients: female 57.5%
Proportion of patients with CVD history 38.3%
Proportion of patients with diabetes 55.5%
Median baseline eGFR 171

Proportion of patients from DOLOMITES 12.7%
Proportion of patients from ALPS 12.2%
Proportion of patients from ANDES 18.8%
Proportion of patients from OLYMPUS 56.3%

Abbreviations: CVD: cardiovascular disease; ESA: erythropoiesis-stimulating agents; eGFR: estimated glomerular filtration rate; NA: not
available.

Health state occupancy at baseline is shown in Table 30. The baseline distribution of
patients in the clinical trials were used to allocate patients at the start of the first

cycle in the model.

Table 30. Health state occupancy at baseline

Health state

Hb <7

Hb 7.00 to 7.99
Hb 8.00 to 8.99
Hb 9.00 to 9.99
Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

Hb >= 13

Abbreviations: Hb: haemoglobin.

At baseline, there are no DD patients, but CKD progression to dialysis is taken into
account and modelled as shown in Section B.3.3.4. In the model, the percentage of
patients on dialysis after 10 years is . Once in this state, the model splits the
proportion of patients on haemodialysis and peritoneal dialysis. Data from the
DOLOMITES trial was used to inform these parameters, as clinical experts

confirmed these were in line with UK clinical practice (Table 31) (39, 42).

Table 31. Health state occupancy at baseline

Dialysis type Value
Haemodialysis 182 (87.9%)
Peritoneal dialysis 25 (12.1%)

B.3.3.2 Mortality

Annual mortality rates for the general population were sourced from Office for
National Statistics (ONS) life tables (70) and converted to three-monthly rates. A
standardised mortality ratio (SMR) was then applied to these survival rates to ensure
the all-cause mortality rate predicted by the IPD analysis did not happen at a slower

rate than the expected mortality rate than that of the CKD population (i.e. this
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ensures that using the IPD mortality extrapolations do not cause patients to live
longer than expected for individuals with their condition). The SMR applied for NDD

patients the model was 3.6, as sourced from a population-based cohort study (71).

The trial population survival was estimated using a range of conventional parametric
survival regression models (exponential, Weibull, Gompertz, log-normal, log-logistic,
and generalised Gamma). The statistical models controlled for treatment, CVD
history, diabetic status, trial, baseline GFR and interaction terms between treatment
type and baseline eGFR. The AIC, Bayesian information criterion (BIC) values, and

graphical checks were used to determine the best fitting function to the data.

Based on statistical information criteria (Table 32), the exponential function was
found to be the best in terms of BIC score, as well as long term clinical plausibility
and a good visual fit. The extrapolated survival curves derived from the base case
assumptions are presented in Figure 9. It should be noted these are shown as used
in the model (i.e. constrained by the CKD adjusted general population mortality
described in the previous section and assuming no treatment effect. The economic
model has the functionality to select all the fitted curves for sensitivity analyses
(Section B.3.7.3).

Table 32. AIC and BIC values

Curve AIC BIC

Exponential 6,798 6,869
Weibull 6,796 6,874
Gompertz 6,797 6,875
Log-normal 6,804 6,882
Log-logistic 6,796 6,874
Generalised gamma 6,798 6,882

Notes: *P <0.050; *Exp(Cl).

Abbreviations: AIC: Akaike Information Criterion; Bayesian Information Criterion

The coefficients used to estimate the all-cause mortality curve following the

methodology described above are shown in Table 33.

Table 33. Coefficients for covariates used in survival analyses

Parameter Coefficient

Rate

ESA

Roxadustat?

History of CVD - Yes

Diabetic — Yes

Baseline eGFR

ESA: eGFR

Roxadustat: eGFR?

Notes: *P <0.050; Exp(Cl); ?In the base case analysis this coefficient is not taken into consideration and all patients are assumed to be on
ESA for the calculations.
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Abbreviations: ESA: erythropoietin stimulating agents; CVD: cardiovascular disease; Exp: exponential; Cl: confidence interval; eGFR:
glomerular filtration rate

No treatment effect was applied in patient survival in the base case analysis. Data
from DOLOMITES reported a favourable non-significant numerical trend benefit in
mortality for roxadustat compared to ESA, but clinical experts suggested significant
differences in survival would not be expected directly from the anaemia treatment
(39, 42). Therefore, in order to reflect these recommendations, the roxadustat related
coefficients described in Table 33 were omitted and the mortality estimations for
roxadustat were set equal to those for patients treated with ESA.. By doing so, no
treatment related effect was considered for the modelled population. A case where
roxadustat treatment effect on mortality is incorporated in the mortality estimations is

explored as part of the scenario analyses (Section B.3.7.3).

The Kaplan Meier data and extrapolated survival curves derived from the base case
assumptions are presented in Figure 9. The extrapolated curves appear to
underestimate survival as these were constrained by the CKD adjusted general
population mortality (as described above). The economic model has the functionality

to select all the fitted curves for sensitivity analyses (Section B.3.7.3).
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Figure 9. Survival curves in the base case analysis

Abbreviations: KM: Kaplan Meier

The predicted median, 5-year, 10-year, 20-year, and 25-year survival (based on the
exponential distribution, CKD adjusted background mortality and no treatment effect)

are presented in Table 34.

Table 34. Median and landmark survival

Survival Roxadustat ESA

Median survival (years)

5-year survival (%)

10-year survival (%)

20-year survival (%)

25-year survival (%)

Abbreviations: ESA: erythropoiesis stimulation agent.

B.3.3.3 Hb level

In the first cycle of the model, the proportion of patients in each health state at
baseline are derived from the respective clinical trials (42, 43, 45, 46) as shown in
Table 30.
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In order to estimate the proportion of patients in any given Hb health state at any
moment of time a multinomial regression model was used, controlling for treatment
type, time, CVD history at baseline, diabetic status at baseline and an interaction
between time and treatment type. The Hb g/dL were presented as categorical
variables. Nesting effects due to the use of multiple studies were controlled for by
incorporating study identification as a covariable within the model. The health state
10 < Hb < 10.99 was used as the reference case in all statistical analyses due to it
being within the clinical target Hb range (10 < Hb < 12). The model which gave the
best fit (in terms of statistical fit, visual fit and clinical plausibility) to the raw data was

chosen.

The coefficients used to estimate the proportion in state following the methodology
described are shown in Table 35. If a coefficient is greater than 0, the item increases
the likelihood a patient will end up in that Hb level compared to the Hb level 10 -11
and if the coefficient is less than 0, the item decreases the likelihood a patient will

end up in that Hb level compared to the Hb level 10 -11.

Company evidence submission for roxadustat for treating anaemia in people with chronic
kidney disease

© Astellas Pharma (2021). All rights reserved Page 90 of 379



Table 35. Coefficients for Hb level regression analysis

Intercept

Hb level
0-7

Hb level
7-8

Hb level
8-9

Hb level
9-10

Hb level
11-12

Time!

ESA?

Roxadustat

Time:ESA'

Time:
Roxadustat’

CVD
history at
baseline

Yes

Diabetic at
baseline
(Yes)

Study
OLYMPUS

Study
ANDES

Study
DOLOMITES

Hb level
12-13

Hb level
13-20

ALLLEL
T
1111111
1111111
TILLLL

Il E
||[II||
ST
ML
HUHHIIL

Notes: * P <0.050, ** P <0.010, *** P <0.001. * Time has been log transformed to be log (Time + 1) ;2In the model, darbepoetin alfa is being used as a proxy

Abbreviations: ESA: erythropoietin stimulating agents; CVD: cardiovascular disease; Exp: exponential; Cl: confidence interval.
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The observed trial data, along with the regressions used to estimate the health state
distribution in the model are presented in Figure 10. These data expand the period of
the clinical trials and shows that the regressions provide a good fit to the observed

data.

Figure 10. Proportion in state over trial period

Abbreviations:ESA: erythropoietin stimulating agents; Hb: haemoglobin

To model a lifetime horizon, the health state occupancy was extrapolated using the
regressions described above. The resultant health state occupancy (i.e. anaemia

level) over the time horizon of the model is represented in Figure 11.
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Figure 11. Health state distribution over model time horizon

Abbreviations: Hb: haemoglobin.

B.3.3.4 Time to dialysis

Time to dialysis was estimated using the same parametric survival regression
models (exponential, Weibull, Gompertz, log-normal, log-logistic and generalised
Gamma) used for survival. As before, the parametric models controlled for CVD
history, diabetic status, and baseline eGFR. As with patient survival, no treatment
effect was included in time to dialysis. This is in line with clinical expert advice and
data from the DOLOMITES trial (39, 42).

The coefficients used to estimate the time to dialysis curve are shown in Table 36. If

a coefficient is larger than 0 it means an increase in the likelihood of going onto
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dialysis, while if it is smaller than O it means a decrease in the likelihood of going
onto dialysis. Further information as the Variance-Covariance matrix and the

Cholesky decomposition are shown in the cost-effectiveness model.

Table 36. Coefficients for covariates included in analyses of time to dialysis
Parameter Coefficient
Shape -
Scale -
History of CVD - Yes -
Diabetic — Yes -
Baseline eGFR -

Notes: * P <0.050; Exp (ClI).

Abbreviations: CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate.

The log-logistic distribution was found to be the best function in terms of long-term
clinical plausibility, presenting a long tail capturing a fraction of patients who will

never start dialysis (Figure 12), and also gave the best statistical fit (Table 37).

Table 37. AIC and BIC values for time-to-dialysis

Curve AIC BIC

Log-logistic 19,300 19,346
Exponential 19,329 19,368
Weibull 19,330 19,375
Gompertz 19,325 19,370
Log-normal 19,323 19,368
Generalised gamma 19,303 19,355

Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.

Figure 12. Time to dialysis survival curves

Abbreviations: KM: Kaplan Meier

Company evidence submission for roxadustat for treating anaemia in people with chronic
kidney disease

© Astellas Pharma (2021). All rights reserved Page 94 of 379



B.3.4 Measurement and valuation of health effects

In accordance with NICE'’s reference case, health effects in the economic evaluation
are expressed in terms of QALY's, which measure both the quality and length of
remaining life. A score of zero is equivalent to death and one equivalent to a single
year of life at perfect health. This allows for a consistent and standard measurement

of patient HRQoL across different interventions and indications.

In the economic model, patient’s baseline utilities are estimated based on age
gender-adjusted general population norms from Kind et al (72) and CKD specific
utility decrements. Hb health state utilities were derived from the roxadustat clinical

trial data (42, 43, 45, 46) as described in the following sections.

B.3.4.1 Baseline utilities

Firstly, age gender-adjusted general population norms from Kind et al (72) were

entered into the economic model. A summary is presented in Table 38.

Table 38. Population utility norms

Age category Assumed mid-point Male (SE) Female (SE) Source
Under 25 20 0.94 (0.01) 0.94 (0.01)

25t0 34 30 0.93 (0.01) 0.93 (0.01)

35t0 44 40 0.91 (0.01) 0.91 (0.01)

45 to 54 50 0.84 (0.02) 0.85 (0.01) Kind et al (72)
55 to 64 60 0.78 (0.02) 0.81 (0.02)

65to 74 70 0.78 (0.02) 0.78 (0.02)

Above 75 80 0.75 (0.03) 0.71 (0.02)

Abbreviations: SE: standard error.

For the starting values to be representative of the population in the CEM,
decrements for CKD (using kidney complaints as a proxy) and dialysis were
subtracted from the population norms. The absolute utility value for somebody with
kidney complaints and a mean age of 44.8 years old was 0.845 (73). In order to use
age-adjusted utility values in the model, this was converted into a utility decrement
by subtracting the absolute utility value for somebody with kidney complaints from
the absolute utility value for the general population at age 45 (0.878 — 0.845). This
produced the utility decrement for CKD for each health state (0.033). Further utility
decrements were applied specific to whether a person was on haemodialysis or
peritoneal dialysis (0.35 and 0.26, respectively) (Table 39). These were sourced from
a NICE technology appraisal (NICE TA358, Table B35) (74).

The general population norms, minus the CKD and dialysis decrements, result in the

baseline utility value.
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Table 39. CKD and dialysis utility decrements

Utility decrement (SE)

Source

CKD decrement

Derived from Kind et al. (72) and Ara R.

and Brazier J.E. (73)

Haemodialysis

0.352 (0.041)

Peritoneal dialysis

0.262 (0.049)

NICE TA358 (74)

Abbreviations: CKD: chronic kidney disease; SE: standard error; TA: technology appraisal.

B.3.4.2 Health-related quality-of-life data from clinical trials

A generalised linear mixed model (GLMM) with a Gaussian distribution and an
identity link was used to predict mean utility score for each Hb level, controlling for
CVD history at baseline and diabetic status at baseline (56). This information used
for this analysis was derived from the EQ-5D-5L instrument cross-walked to an
EuroQol five-dimension three level (EQ-5D-3L) value set. The utility values from the
EQ-5D-5L questionnaires were mapped from the clinical trial programmes onto the
UK EQ-5D-3L value set using the crosswalk developed by van Hout et al. (2012)
(75).

The EQ-5D-3L derived utilities were preferred for the base case in accordance with
NICE guidelines. Nesting effects from using multiple studies, and repeated measures
of subjects were both controlled for, using study identification and unique subject

identification as random factors.

The coefficients used to estimate the mean EQ-5D-3L values are shown in Table 40.
If a coefficient is smaller than 0 this means the parameter decreases the utility of a
patient while if the coefficient is larger than 0 it means the parameter increases the

utility of a patient.

Table 40. Coefficients for EQ-5D-3L regression analysis
Parameter Coefficient Standard error
Intercept

Hb level <7

Hb level 7-8

Hb level 8-9

Hb level 9-10

Hb level 11-12

Hb level 12-13

Hb level >13

History of CVD - Yes

Diabetic - Yes
Notes: * P <0.050, ** P <0.010, *** P <0.001.

Abbreviations: CVD: cardiovascular disease.
A scenario analysis in was performed in the model using the EQ-5D-5L utility scores

directly (without crosswalk).
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The health state utilities obtained by the regressions estimated from the clinical trial

analysis and model patient characteristics are presented in Table 41.

Table 41. Health state absolute utilities

Health state Utility (IPD EQ5D-3L) Utility (IPD EQ5D-5L)

Hb <7

Hb 7.00 to 7.99

Hb 8.00 to 8.99

Hb 9.00 to 9.99

Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

Hb 213

Abbreviations: Hb, haemoglobin; IPD, Individual patient level data; Hb: haemoglobin; EQ-5D-3L, EuroQol five-dimension three level; EQ-5D-
5, EuroQuol five-dimension five level.

The utility decrement for each health state was then calculated by subtracting the
utility from the reference health state utility (Hb = 13). These utility decrements
(Table 42) were subtracted from the baseline utility value to estimate the health state

specific utility values.

Table 42. Health state decrements

Health state Utility (IPD EQ5D-3L) Utility (IPD EQ5D-5L)

Hb <7

Hb 7.00 to 7.99

Hb 8.00 to 8.99

Hb 9.00 to 9.99

Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

Hb 213

Abbreviations: Hb, haemoglobin; IPD, Individual patient level data; Hb: haemoglobin; EQ-5D-3L, EuroQol five-dimension three level; EQ-5D-
5, EuroQol five-dimension five level.

B.3.4.3 Health-related quality-of-life studies

B.3.4.3.1 Literature
A SLR was conducted in February 2019 and updated in March 2021 to identify the

relevant HRQoL data available in the published literature. A detailed account of the
SLR and update is provided in Appendix H. Although the SLR identified nine studies
that provided HRQoL data for anaemic CKD patients, none of the utilities reported in
these studies were deemed appropriate for the cost-effectiveness model.

One publication identified during an additional targeted literature review of cost-
effectiveness studies in anaemia associated with CKD reported utility values that
were deemed appropriate for the cost-effectiveness model. In this study, Yarnoff et
al (76) aimed to explore the most cost-effective Hb target for anaemia treatment in
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patients with CKD stages 3-4 not on dialysis, based on an already existing

microsimulation model of CKD progression.

Table 43. Utility values identified from the literature

Published studies Utility values (SD) used in the model (scenario analyses)
identified in SLR

Yarnoff et al (76) Utility loss per 1 g/dL decrease in Hb
(reference Hb=13 g/dL): 0.0114

Utility loss from stroke: 0.582

Utility loss from myocardial infarction: 0.12
Utility loss from myocardial infarction: 0.12

Abbreviations: CKD: chronic kidney disease; SD: standard deviation; SLR: systematic literature review.

The relevant extracted utility values are presented in Table 43, and these were
added per 1g/dL decrease in Hb level to calculate the utility decrements applied to
each health state as shown in Table 44. These values were considered in the model
as an alternative way of informing the utility decrements associated to different Hb
levels and its impact was explored and further studied in Scenario Analysis 3
(Section B.3.7.3).

Table 44. Health state decrements from published literature

Health state Utility decrement
Hb <7 0.080
Hb 7.00 to 7.99 0.068
Hb 8.00 to 8.99 0.057
Hb 9.00 to 9.99 0.046
Hb 10.00 to 10.99 0.034
Hb 11.00 to 11.99 0.023
Hb 12.00 to 12.99 0.011
Hb =13 0.000

Abbreviations: Hb: haemoglobin.

B.3.4.3.2 Patient preference study

Since the EQ-5D instrument is not sensitive to changes in mode of administration, a
patient preference study was conducted to estimate the utility gains associated with
moving from SC injections at home once every two weeks (reference case) to
alternative modes of administration (77). The findings from this study were not
included in the base case analysis but have been evaluated in Scenario Analysis 4
(See B.3.7.3).

A discrete choice experiment (DCE) was undertaken to elicit preferences. DCE can
be used to estimate outcome equivalents that are valid measures of utility changes
consistent with the principles of welfare economics (78). There is an increasing

interest in using patient preference data in HTA, and DCE offers a robust approach

for generating insights in the relative importance and trade-offs about different
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treatment attributes. A similar approach was used in NICE High Specialised

Technology (HST) committee’s assessment of migalastat for Fabry disease (79).

An online survey was undertaken with 200 patients with anaemia associated with
CKD in France, Germany, Spain and the UK (data on file). The survey included a
DCE that consisted of a series of treatment choice scenarios. In each scenario
participants were asked to choose between two hypothetical treatments for CKD
related anaemia. Each treatment was described by five treatment attributes: energy
level, mode of administration, need for iron supplements, risk of major cardiovascular
event and risk of gastrointestinal side effects. The levels on the ‘energy level’

attribute were defined as those on the SF-6D vitality scale.

The analysis of participants’ choices provided estimates of the marginal value of
changes in each attribute. By comparing the marginal values generated by each
attribute, it is possible to estimate the change in energy levels that generate the
same utility as changing the mode of drug administration (‘equivalent change in
energy levels’ in Table 45). For instance, moving from a SC injection at home once
every two weeks to an oral pill at home three times a week would provide patients
with 0.58 of the value associated with improving energy levels from “You sometimes
have a lot of energy” to “You always have a lot of energy” on the Short-Form Six-

Dimension (SF-6D) vitality scale.

Published studies estimate that there is a 0.071 QALY increment associated with
moving from one year in the health state “You sometimes have a lot of energy” to
one year in the health state “You always have a lot of energy” on the SF-6D vitality
scale (80). Given that moving from a subcutaneous injection at home once every two
weeks to an oral pill at home three times a week generates [JJj of the value
associated with improving energy levels from “You sometimes have a lot of energy”
to “You always have a lot of energy” on the SF-6D vitality scale, after one year this

change in method of administration (MoA) generates utility the equivalent of a 0.041

QALY increment [ GTEIR
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Table 45. Incremental utility associated with alternative methods of drug

administration

Equivalent change

Equivalent
incremental QALY

at home

MoA . 5
in energy level of one year of
MoA
Oral pill, once daily, at home [ ] I
Oral pill, three times weekly, at home - -
Subcutaneous injection, once every four weeks, - -

Subcutaneous injection, once every two weeks,

Reference level

Reference level

at home**
Notes: *Defined as the proportion of the change in utility gained by moving from “You sometimes have a lot of energy” to “You always have
a lot of energy” on the SF-6D vitality scale (80). **Reference level

The method adopted to estimate the QALY gains reported in Table 55 varied from
those commonly adopt by NICE in two important ways — a DCE was adopted rather
than time trade-off (TTO) or standard gamble (SG), and patients’ preferences were
used rather than general population preferences. Patients’ rather than public
preferences were elicited as it was thought their experience of subcutaneously
MoA’s would allow them to provide more insight into the utility gains associated with
avoiding such MoAs. A number of authors have made this case for putting more
weight on patient preferences (81-83). This is supported by comparisons of patient
and public preferences, which conclude that, on average, patients give higher values

to their health states than non-patients (84).

DCE was adopted as it is the preference elicitation instrument most frequently used
with patients, placing a lower cognitive burden on participants, facilitating online data
collection (85). Both TTO and DCE are recommended by the EuroQol Group (86).
Direct comparisons of TTO and DCEs when used to estimate value sets of health
outcomes provide mixed evidence on the consistency, relative validity and reliability,

and ease of completion of the TTO and DCE instruments (87-91).

To calculate the utility increments associated with the modes of administration in
each treatment arm, the estimates of utility increments in Table 45 were weighted by

the proportion of patients expected to be prescribed each regimen (Table 46).

Table 46. Weighted method of administration incremental utility for each treatment
arm

Method of administration :;’I(:ﬂ:s(tozt) ESA patients (%)
Oral pill, three times weekly, at home 100% 0%
aSturl?g:::neous injection, once every four weeks, 0% 35%
aSturl?g:::neous injection, once every two weeks, 0% 65%
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Roxadustat . 0
patients (%) ESA patients (%)

Weighted utility ] [ |

Notes: Proportion of patients on each mode of administration is derived from the proportion of patients on each mode of administration
within the patient preference study and adjusted to 100% (data on file).

Method of administration

B.3.44 Adverse reactions

Patients with CKD and ESRD are at high risk of MACE, and these events are of

special relevance as can result in death, worsening of CKD disease, and significantly
impact HRQoL. For the patient population considered in the model (i.e. NDD patients
who are not adequately managed with |V iron alone and require an ESA), MACE are
especially important as increased doses of ESA further expose patients to increased

risk of adverse events (92).

The model included three key treatment emergent adverse events (TRAE): two
major cardiovascular adverse events (MACE) (stroke and MI) and vascular access
thrombosis (VAT). Other adverse events were not explicitly modelled as they were
expected to have a substantially lower impact in patients HRQoL and NHS resource
use. In addition, rates of TRAEs were similar for roxadustat and ESA (see Appendix
F).

These events were modelled separately to apply separate costs and utility
decrements to each type of event. Clinical trial data from the NDD trials (42, 43, 45,
46) informed the event rates for the base case analysis. Since there was insufficient
data to make a robust regression model linking the risk of MACE and Hb levels,

these analyses were not carried out.

B.3.44.1 TRAE rates

The three-monthly probability of stroke (haemorrhagic, ischaemic and cerebellar), Mi
and VAT were derived separately for each treatment arm using the number of events
and total patient exposure time (independent of Hb level) derived from pooled NDD
dataset (42, 43, 45, 46) . The three-month probability for each adverse event is
presented in Table 47.

Table 47. Probability of TRAE in the model

Total exposure in
Number of events three-monthly
cycles

Cycle probability
of stroke

Stroke

ESA (n=293)
Roxadustat (n=2709)
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Total exposure in Cvcle probabilit
Number of events three-monthly yele p y
of stroke
cycles
MI
Soradotat i i N
Roxadustat (n=2709)
VAT
ESA (n=293)
Roxadustat (n=2709)

Abbreviations: ESA: erythropoiesis-stimulating agent; TRAE: treatment related adverse event; MI: myocardial infarction; VAT: vascular
access thrombosis

TRAE specific utility decrements applied to the model are presented in Table 48. The
stroke decrements were derived from a study by Meenan et al (93). This paper
presents absolute utilities for minor, moderate and severe stroke. To calculate the

utility decrements, the absolute utilities for each event were subtracted from one.
The utility decrement for MI events was sourced from Yarnoff et al. 2016 (76).

For VAT events, the utility loss was sourced from Xue et al 2010 (94), a study which
reported the disutility of VAT with surgical intervention for patients starting on

haemodialysis.

Table 48. TRAE event utility decrements

Event Utility decrement (SE) Source
Non-disabling stroke 0.350 (0.018)

Moderately disabling stroke 0.500 (0.025) Meenan et al. 2007 (93)
Severely disabling stroke 0.730 (0.037)

Myocardial infarction 0.120 (0.006) Yarnoff et al. 2016 (76)
Vascular access thrombosis 0.100 (0.005) Xue et al. 2010 (94)

Abbreviations: SE: standard error.

B.3.4.5 Health-related quality-of-life data used in the cost-effectiveness

analysis
A summary of the utility values included in the model is provided in Table 49.

Table 49. Summary of utilities used in the model

State Mean utility 95% confidence Reference in Justification
value (SE) interval submission

Baseline utilities
Male under 25 0.94 (0.01) NA
Male 25 to 34 0.93 (0.01) NA
Male 35 to 44 0.91 (0.01) NA
Male 45 to 54 0.84 (0.02) NA :
Male 55 to 64 0.78 (0.02) NA K%”'éeodm
Male 65 to 74 0.78 (0.02) NA See section gl tion
Male above 75 0.75 (0.03) NA B.3.4.1 %%‘?“mz or
Female under 25 0.94 (0.01) NA EQ-5D
Female 25 to 34 0.93 (0.01) NA
Female 35 to 44 0.91 (0.01) NA
Female 45 to 54 0.85(0.01) NA
Female 55 to 64 0.81 (0.02) NA
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State Mean utility 95% confidence Reference in Justification
value (SE) interval submission
Female 65 to 74 0.78 (0.02) NA
Female above 75 0.71(0.02) NA
CKD decrement 0.033 (NA) NA
dHaemOd'a'yS'S 0.352 (0.041) | (0.27164, 0.43236) Baseline
ecrement utilities
(I;’eritoneal dialysis 0.262 (0.049) (0.16596, 0.35804) calibration
ecrement
Health state utility increments/decrements
Hb <7 = NA
Hb 7.00 to 7.99 NA
Hb 8.00 to 8.99 e NA Balsed on
Hb 9.00 to 9.99 ] NA See section I.re.e"f‘t”.t |
Hb 10.00 to 10.99 [ NA B.3.4.2 d‘;'tg"(:j‘z rfs
Hb 11.00 to 11.99 | NA 45 48)
Hb 12.00 to 12.99 [ NA ’
Hb > 13 | ] NA
Adverse events utilities
Stroke (mild) 0.350 (0.018) (0.3147, 0.3852) Relevant
. literature due
Stroke (medium) 0.500 (0.025) (0.4510, 0.5490) to insufficient
Stroke (severe) 0.730 (0.037) (0.6574, 0.8025) See section data in
M 0.120 (0.006) (0.1082, 0.1317) B.3.4.4 relevant
clinical
VAT 0.100 (0.005) (0.0902, 0.1098) trials(42, 43,
45, 46)

Abbreviations: SE: standard error; Hb: haemoglobin; MI: miocardial infarction; VAT: vascular access thrombosis.
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B.3.5 Cost and healthcare resource use identification,

measurement, and valuation

B.3.5.1 Intervention and comparators’ costs and resource use

B.3.5.1.1 Treatment dose

Accurate treatment doses for roxadustat and ESA are challenging to estimate due to
the number of dose adjustments made in clinical practice. Starting doses are usually
weight dependent but the titrations and optimal maintenance doses are tied to each
patient’s response to treatment and evolution of Hb levels. Therefore, there is an
intrinsic link between the treatment effect and the treatment dose associated with it.
To capture this relationship in the model, treatment dosing was estimated from

patient level data. The dosing data was split in two datasets:

e Correction phase: up to three months from treatment imitation (i.e. 15 model

cycle)
e Maintenance phase: from three months after treatment initiation

The weekly dose in the correction phase (15t model cycle) was estimated as an
average from all patients in the roxadustat trials during their first 3 months of
treatment. This was deemed long enough to capture the majority of the dose
adjustments that patients experienced during the correction phase of the trials. All
costs incurred from any dose changes observed in the trials during this phase were

accounted for in the average doses used in the model.

For cycles 2 onwards (maintenance phase), a GLMM with a Gamma distribution and
a log link was used to predict the mean weekly dose (mg) of roxadustat and ESA for
Hb level, controlling for CVD history and diabetic status at baseline. It should be
noted that the model is not time dependent and the derived weekly dose from the
GLMM is used in all subsequent cycles. The coefficients used to estimate the
roxadustat and ESA dose are shown in Table 50 and Table 51 respectively. If a
coefficient is smaller than 0 this means the parameter decreases the mean dose
assigned to a patient while if the coefficient is larger than 0 it means the parameter

increases the mean dose assigned to a patient.
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Table 50. Coefficients for roxadustat treatment dose regression analysis

Parameter Coefficient Standard error p-value

Intercept || |
Hb level <7 | | N
Hb level 7-8 . || .
Hb level 8-9 . || .
Hb level 9-10 | | | B
Hb level 11-12 [ | B
Hb level 12-13 | | B
Hb level >13 ] | [ | N
History of CVD - Yes - - f
Diabetic - Yes - - f

Notes: * P <0.050, ** P <0.010, *** P <0.001.

Abbreviations: CVD: cardiovascular disease; Hb: haemoglobin.

Table 51. Coefficients for ESA treatment dose regression analysis

Parameter Coefficient Standard error p-value
Intercept

Hb level <7

Hb level 7-8

Hb level 8-9

Hb level 9-10

Hb level 11-12

Hb level 12-13

Hb level >13

History of CVD — Yes

Diabetic - Yes
Notes: * P <0.050, ** P <0.010, *** P <0.001.

i

Abbreviations: CVD: cardiovascular disease; Hb, haemoglobin.
The average weekly roxadustat and ESA doses used in the 15t cycle of the model

(correction phase) are presented in Table 52.

Table 52. Average weekly doses applied in the 15t cycle of the economic model
Haemoglobin level Roxadustat (mg) ESA (mc

Hb level <7

Hb level 710 8
Hb level 8 to 9
Hb level 9 to 10
Hb level 10 to 11
Hb level 1110 12
Hb level 12 to 13
Hb level >13

Abbreviations: ESA: erythropoietin stimulating agents; Hb: haemoglobin; mcg: microgram; mg: milligram.

1;

From cycles 2 onwards, the average dose at any given cycle was dependent on the
distribution of patients across the Hb health states. Table 53 shows the average
dose for a patient with Hb level 10 to 11 and the increments/decrements applied

based on the remaining levels.

Table 53. Weekly doses by Hb level applied in the subsequent cycles of the economic
model

Haemoglobin level Roxadustat (mg) ESA (mc
Baseline (Hb level 10 to 11)
| Hb level <7
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Haemoglobin level Roxadustat (mg) ESA (mc
Increment / Hblevel 7 to 8
decrement Hb level 8 to 9
by Hb level Hb level 9 to 10
Hb level 11 to 12
Hb level 12 to 13
Hb level >13

Abbreviations: ESA: erythropoietin stimulating agents; Hb: haemoglobin; mcg: microgram; mg: milligram.

B.3.5.1.2 Drug acquisition costs

Roxadustat will be available in several strengths, as presented in Table 54. The
model estimates drug costs based on the calculated dose required for each health
state (section B.3.5.1.1). Considering the cost per mg/mcg can vary depending on
the pack strength, the model uses the cost per mg/mcg of the strength closest to the

calculated dose to estimate the drug costs.

Table 54. Roxadustat costs applied in the model

'(I';ZI)et S Qua:;:t:i per Cost per pack Cost per tablet Cost per mg
20 - B B B
50 12

70 12 [ | |

_— R B
150 12

Abbreviations: mg: milligram.

Different types of ESA are assumed to have equivalent efficacy and safety when
given at equivalent doses as per NICE guidelines (11). The CEM includes the drugs
that are listed in the BNF under the class of epoetin: epoetin alfa, darbepoetin alfa,
epoetin beta, epoetin zeta and methoxy polyethylene glycol-epoetin beta.
Conversion of one ESA dose to the equivalent dose of an alternative ESA is not
straightforward due to differing half-lives and route of administration of the different
drugs (95), with both factors impacting on the dose required to achieve the same
effect. Furthermore, half-lives of the drug can differ according to the patient’s
condition, including dialysis status (95, 96). The model takes a pragmatic approach
to estimation of equivalent dose conversion between the available ESA; where the
recommended weekly dose (in mcg) derived from the BNF (65-69) was utilised to

calculate equivalent dose conversion ratios between the available ESA (Table 55).

Table 55. Conversion ratios to adjust the clinical trial derived ESA dose

ESA Dose conversion factor
Epoetin alfa 1.40
Darbepoetin alfa 1.00
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ESA

Dose conversion factor

Epoetin beta

1.

11

Epoetin zeta

1.

38

Methoxy polyethylene glycol-epoetin beta

0.

62

Notes: * P <0.050, ** P <0.010, *** P <0.001.

Abbreviations: ESA, erythropoietin stimulating agents; Hb, haemoglobin.

The unit cost per injection and per microgram (mcg) of each ESA was derived from

the BNF (65-69), converting international units (IU) to mcg where required (97, 98).

The cost per injection and microgram for all available formulations of ESA included in

the economic model are presented in Table 56.

Table 56. ESA costs per mcg

applied in the model

Pack size (mcg) I:j:rc;::; C(:,s;tcﬁer icn?::t'io:r: Cost per mcg

Epoetin Alfa

8.4 6 £33.18 £5.53 £0.66
16.8 6 £66.37 £11.06 £0.66
25.2 6 £99.55 £16.59 £0.66
33.6 6 £132.74 £22.12 £0.66
42.0 6 £165.92 £27.65 £0.66
50.4 6 £199.11 £33.19 £0.66
67.2 6 £265.48 £44.25 £0.66
84.0 6 £331.85 £55.31 £0.66
168.0 1 £110.62 £110.62 £0.66
252.0 1 £199.11 £199.11 £0.79
336.0 1 £265.48 £265.48 £0.79
Darbepoetin alfa

10 4 £58.72 £14.68 £1.47
20 4 £117.45 £29.36 £1.47
30 4 £176.17 £44.04 £1.47
40 4 £234.90 £58.73 £1.47
50 4 £293.62 £73.41 £1.47
60 4 £352.35 £88.09 £1.47
80 4 £469.79 £117.45 £1.47
100 4 £587.24 £146.81 £1.47
130 4 £763.24 £190.81 £1.47
150 4 £880.86 £220.22 £1.47
300 1 £440.43 £440.43 £1.47
500 1 £734.05 £734.05 £1.47
Epoetin beta

4.2 6 £21.05 £3.51 £0.85
16.6 6 £84.17 £14.03 £0.85
24.9 6 £126.25 £21.04 £0.85
33.2 6 £168.34 £28.06 £0.85
41.5 6 £210.42 £35.07 £0.85
49.8 6 £252.50 £42.08 £0.85
83.0 6 £420.85 £70.14 £0.85
166.0 6 £841.71 £140.29 £0.85
Epoetin zeta

8.3 6 £28.85 £4.81 £0.58
16.6 6 £57.70 £9.62 £0.58
24.9 6 £86.55 £14.43 £0.58
33.2 6 £115.40 £19.23 £0.58
41.5 6 £144.25 £24.04 £0.58
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Pack size (mcg) I:j:rc;f:; Cc:)satcﬁer icn?:ct:tli:,:r: Cost per mcg

49.8 6 £173.09 £28.85 £0.58
66.4 6 £230.79 £38.47 £0.58
83.0 6 £288.48 £48.08 £0.58
166.0 1 £96.16 £96.16 £0.58
249.0 1 £144.25 £144.25 £0.58
332.0 1 £193.32 £193.32 £0.58
Methoxy polyethylene glycol-epoetin beta

30.0 1 £44.05 £44.05 £1.47
50.0 1 £73.41 £73.41 £1.47
75.0 1 £110.11 £110.11 £1.47
100.0 1 £146.81 £146.81 £1.47
120.0 1 £176.18 £176.18 £1.47
150.0 1 £220.22 £220.22 £1.47
200.0 1 £293.62 £293.62 £1.47
250.0 1 £367.03 £367.03 £1.47
360.0 1 £528.56 £528.56 £1.47

Abbreviations: mcg: microgram.

The comparator arm in the model was costed based on the proportion of each ESA
presented in Table 57. These values were sourced from the TUNE study, a
retrospective study aiming to generate real-world evidence documenting treatment
patterns, health care resource utilisation, and costs associated with the management
of anaemia among patients with non-dialysis-dependent CKD stages 3b to 5 who
have initiated ESA therapy in three European countries: Germany, Spain, and the

UK (99). Data specific for the UK was used to inform the model base case.

Table 57. Proportion of patients receiving each ESA
ESA Proportion of patients (%)
Epoetin alfa

Darbepoetin alfa

Epoetin beta

Epoetin zeta

Methoxy polyethylene glycol-epoetin beta

Abbreviations: ESA: erythropoietin stimulating agents.

B.3.5.1.3 Drug administration costs

The TUNE study results suggested that not all ESA patients were able to self-
administer (99). In addition, clinical experts contacted by Astellas for model
validation suggested that around 20% of patients not on dialysis would require
assistance to administer ESA (39). The model assumes that 15% of patients require
a home district nurse, with a further 5% requiring hospital administration. Based on
hourly costs sourced from the PSSRU (100), and assuming a 15-minute
appointment, administration costs per injection were calculated as shown in Table

58. The final weighted cost per patient was applied to every ESA injection and
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divided by the dose contained in each of these to allow accounting for this concept
when assuming no wastage. ESA administration costs was then applied to those

patients not on dialysis along the modelled time horizon.

Table 58. ESA administration costs

Proportion of r— Weighted cost

Item . -
patients per patient

Home district nurse appointment
(Band 6, per hour of patient related 15% £21.00
work [15-minute appointment])

Hospital administration (Band 6, per
hour of patient related nurse work [15- 5% £28.25
minute appointment])

£8.16

B.3.5.1.4 Monitoring costs

Based on clinical advice received during the model validation (39), NICE guidance
(11) and the roxadustat draft SmPC (Appendix C), both interventions were
associated with an average of four monitoring appointments in the first model cycle

(the first 12 weeks of treatment) and 1.5 visits for subsequent cycles.

It was assumed that a monitoring visit is conducted by a consultant in a hospital
setting. With an hourly cost of £119, and assuming a 15-minute appointment, each

monitoring visits costs £29.25 (101).
B.3.5.2 Health-state unit costs and resource use

B.3.5.2.1 Dialysis

The proportion of patients on dialysis in any given model cycle was estimated from

the time to dialysis curves presented in section B.3.3.4.

Haemodialysis and peritoneal weekly dialysis costs were calculated from NHS Cost
Collection (102) and are presented in Table 59. For haemodialysis the weighted
average of healthcare resource group (HRG) codes LDO1A and LD0O2A was used.
For peritoneal dialysis the weighted average of HRG codes LD11A and LD12A was
used. It was assumed that dialysis occurred three times a week for haemodialysis
and seven times a week for peritoneal dialysis (103-105).

The distribution of patients receiving each type of dialysis was derived from
roxadustat DOLOMITES data (42) as shown in Table 60. Clinical experts contacted
by Astellas confirmed these proportions were representative of UK clinical practice
(39).
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Table 59. Haemodialysis and peritoneal dialysis costs

Cost item HRG code Activity Unit cost
Haemodialysis
Haemodialysis LDO1A 430,431 £148.36
catheter
Arteriovenous Fistula LDO02A 709,145 £156.64
Peritoneal dialysis
Continuous LD11A 309,480 £66.16
Ambulatory
Automated LD12A 570,798 £73.19

Abbreviations: HRG, Healthcare resource group.

Table 60. Distribution of patients per type of dialysis

Cost item Percentage
Haemodialysis 78.3%
Peritoneal dialysis 21.7%

B.3.5.2.2 Blood transfusion

To estimate the cycle probability of receiving a blood transfusion, a GLMM with a
binomial distribution and a logit link was used, controlling for Hb level, treatment

type, and CVD history and diabetic status at baseline.

RBC transfusion use estimation
The coefficients used to estimate the proportion requiring an RBC transfusion are
shown in Table 61. If a coefficient is larger than 1 it means an increase in the
likelihood of RBC transfusion, while if it is smaller than 1 it means a decrease in the

likelihood of receiving an RBC transfusion.

Table 61. Regression coefficients for blood transfusion rates
Parameter Coefficient Standard error
Intercept

Hb level <7

Hb level 7-8

Hb level 8-9

Hb level 9-10

Hb level 11-12

Hb level 12-13

Hb level >13

ESA

Roxadustat

History of CVD - Yes

Diabetic - Yes
Notes: * P <0.050, ** P <0.010, *** P <0.001.

Abbreviations: CVD: cardiovascular disease; ESA: erythropoiesis-stimulating agents; Hb: haemoglobin.

The cycle probabilities applied in the model are summarised in Table 62.

Table 62. Probability of receiving a blood transfusion

Health state Total exposure time Weekly probability of Three-month
(weeks) needing a transfusion | probability of needing
a transfusion

Roxadustat
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Health state Total exposure time Weekly probability of Three-month
(weeks) needing a transfusion | probability of needing
a transfusion

Hb <7

Hb 7.00 to 7.99

Hb 8.00 to 8.99

Hb 9.00 to 9.99

Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

Hb =13

ESA

Hb <7

Hb 7.00 to 7.99

Hb 8.00 to 8.99

Hb 9.00 to 9.99

Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

Hb > 13

Abbreviations: Hb: haemoglobin; ESA: Erythropoiesis-stimulating agents.

Unit costs
The unit cost for a blood transfusion was sourced from the National Cost Collection
2018/19 (HRG code SA44A) (102). A weighted average cost of a day case and

outpatient was calculated.

Table 63. Unit costs for blood transfusion

HRG Code Patient type Activity Unit cost
SA44A Day case 117,906 £530
SA44A Outpatient 8,113 £308
Average £516

Abbreviations: HRG: healthcare resource group.

B.3.5.2.3 IV Iron supplementation

IV iron use in the model is based in both the proportion of patients requiring the
intervention, and the dose required. A generalised linear model (GLM) with a
binomial distribution and a log link was used to estimate the proportion of patient
needing IV iron, controlling for Hb level, treatment type, study ID, CVD history at
baseline, diabetic status at baseline, as well as an interaction between Hb level and
treatment type. To estimate mean weekly IV iron dose, a GLMM with a Gaussian
distribution and an identity link was used, controlling for treatment type, CVD history
at baseline and diabetic status at baseline. Repeated measures of subjects were
controlled for, using a unique subject identification for each participant as a random

factor. Analysis showed that Hb had no significant effect on the average weekly dose
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of IV iron, and this evidence was confirmed by clinical experts during the model

validation. Therefore, the same IV iron dose was applied for all health states.

1V iron use estimation

The coefficients used to estimate the proportion of patients needing IV iron treatment

are shown in Table 64. If a coefficient is larger than 1 it means an increase in the

likelihood of needing IV iron treatment, while if it is smaller than 1 it means a

decrease in the likelihood of needing IV iron treatment.

Table 64. Regression coefficients for proportion of patients receiving IV iron

Parameter

Coefficient

Standard error

p-value

Intercept

Hb level <7

Hb level 7-8

Hb level 8-9

Hb level 9-10

Hb level 11-12

Hb level 12-13

Hb level >13

ESA

Roxadustat

History of CVD - Yes

Diabetic - Yes

STUDY: OLYMPUS

STUDY: ANDES

STUDY: DOLOMITES

L]

il

Notes: * P <0.050, ** P <0.010, *** P <0.001.

Abbreviations: CVD: cardiovascular disease; ESA: erythropoiesis-stimulating agents; Hb: haemoglobin.

The weekly and three-month cycle probabilities of requiring IV iron are summarised

in Table 65.

Table 65. Proportion of patients receiving IV iron

Health state

Total exposure time
(weeks)

Weekly probability of
needing IV iron

Cycle probability of
needing IV iron 1

Roxadustat

Hb <7

Hb 7.00 to 7.99

Hb 8.00 to 8.99

Hb 9.00 to 9.99

Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

ESA

Hb <7

Hb 7.00 to 7.99

Hb 8.00 to 8.99

Hb 9.00 to 9.99

Hb 10.00 to 10.99

Hb 11.00 to 11.99

Hb 12.00 to 12.99

i
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Notes: * Cycle probability is calculated as follows: 1) Calculate the number of weeks in 3 months, the cycle length [52/12*3 = 13] 2) Use this
to convert the weekly probability into a cycle probability [1-exp(-(5/998)*13) = 6.47% (excluding rounding errors that do not occur in the
CEM)]. ** If the capped values are selected, the weekly probability will be capped at 0.02% and 1.11% for the weekly and cycle probability of
requiring IV iron, respectively.

Abbreviations: CVD: cardiovascular disease; ESA: erythropoiesis-stimulating agents; Hb: haemoglobin; IV: intravenous.

To estimate the dose of IV iron, a single predictive GLMM model was used for all Hb
levels. The derived weekly mean doses of |V iron for patients on roxadustat and ESA
are detailed in Table 66. The model assumes that patients requiring IV iron take a

dose every cycle.

Table 66. Dose of IV iron per administration

Intervention Per cycle dose of IV iron (mg)
Roxadustat
ESA

Abbreviations: ESA: erythropoiesis-stimulating agents; IV: intravenous; mg: milligram.

Unit costs
The cost per mg of IV iron was calculated by a weighted average of the types of IV
iron preparations shown in Table 67. The costs per unit were derived from the BNF
(106-108) and the quantity prescribed (to calculate the weighted average) were
sourced from the TUNE study (99) UK specific data. The same quantities were

assumed for both treatment arms in the economic model.

Table 67. IV iron unit costs

Name Cost per vial | Cost per mg Use
Iron Isomaltoside (Pharmacosmos) £16.95 £0.17
Iron Sucrose (Venofer) £8.70 £0.09
Ferric Carboxymaltose (Ferinject) £19.10 £0.19
Average cost per mg £0.17

Abbreviations: mg: milligram.

The IV iron administration cost was derived from the National Cost Collection
2018/2019 (102). A weighted average of the cost of HRG codes SA04G to SAO4L
was calculated, leading to a cost of £274.73 per administration. This cost was

applied once a week to the proportion of patients who received |V iron.

B.3.5.3 Adverse reaction unit costs and resource use

The stroke, Ml and VAT acute costs were sourced from the NHS Cost Collection
(102). The weighted average cost of a non-disabling (CC score 0-6), moderately
disabling (CC score 8-12) and severely disabling (CC score 13+) stroke was
calculated from non-elective long stay patients, (HRG codes AA35A - AA35F). These
costs were multiplied by the proportion of patients with each severity of stroke (109)
(48.5%, 42.6% and 8.8% for non-disabling, moderately disabling and severely

disabling stroke, respectively).
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The cost of an M| event was calculated from non- elective long stay patients,
including excess bed days (HRG codes EB10A — EB10E).

VAT acute costs were calculated based on HRG codes YR48Z and YQ42Z.

The long term stroke and MI costs were sourced from literature (110, 111) and
inflated to 2020/21 prices using Hospital and Community Health Services (HCHS)
and NHS Cost Inflation Index (Cll) pay and prices inflation indices from the PSSRU
(101). It was assumed that no lifetime cost is associated with VAT, in alignment with
the feedback received by clinical experts during the model validation. The acute and
lifetime costs (assumed four-year for stroke and one year for MI) were summed and
applied to the expected number of TRAEs in each cycle of the model. These costs

are presented in Table 68.

Table 68. TRAE costs

TRAE Unit cost Source

Non-disabling stroke (acute) £2,960

Moderately disabling stroke (acute) £3,999 NHS Cost Collection (102)
Severely disabling stroke (acute) £6,912

Long term stroke £4.767 Xu et al. inflated wi1tf110I;SSRU index (101,
Stroke total £8,519*

MI (acute) £2,367 NHS Cost Collection (102)

Long term MI £680 TA317, inflated with PSSRU index (101, 111)
MI total £3,047

VAT (acute) £3,601 NHS Cost Collection (102)

Long term VAT £0 Assumed

VAT total £3,601

Notes: *Applies proportions of 48.5%, 42.6% and 8.8% to non-disabling, moderately disabling and severely disabling stroke, respectively.

Abbreviations: MI: myocardial infarction; NHS: National Health Service; PSSRU: Personal Social Services Research Unit; TA: technology
appraisal; TRAE: Treatment-Related Adverse Event; VAT: Vascular Access Thrombosis.

B.3.6 2 Summary of base-case analysis inputs and assumptions

B.3.6.1 Summary of base-case analysis inputs
A summary of the main model parameters is provided in Table 69

Table 69. Summary of parameters used in the economic analyses

Variable Value Measurement of Reference to
uncertainty and section in
distribution submission

Model settings
Cycle length in months 3 None
Time horizon in years 25 None .
Discount rate effects and costs 3.5% None Section B.3.2
Population 1,000 None
Population characteristics
Average starting age of population 62.8 years None .
Proportion of patients - male 43% None Section B.3.3.1
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Mortality regression parameters

Multivariate normal

Section B.3.3.2

Proportion in state

Proportion in state parameters |

Multivariate normal

Section B.3.3.3

Time to dialysis

Time to dialysis regression
parameters

Multivariate normal

Variable Value Measurement of Reference to
uncertainty and section in
distribution submission
Proportion of patients - female 58% None
Proportion of patients with CVD 38% None
history
Proportion of patients with diabetes 56% None
Median baseline eGFR 17.1 None
Haemodialysis 78.3% None .
Peritoneal dialysis 21.7% None Section B.3.5.2.1
Health state occupancy at baseline
Hb <7 [ ] None
Hb 7.00 - 7.99 [ ] None
Hb 8.00 - 8.99 | None
Hb 9.00 - 9.99 | None .
Hb 10.00-10.99 | | None Section B.3.3.1
Hb 11.00-11.99 [ ] None
Hb 12.00-12.99 | ] None
Hb >= 13 | ] None
Mortality
CKD hazard ratio 3.60 SE:0.05, Beta

Section B.3.3.4

Health-related quality-of-life

Health-related quality-of-life data
used in the cost-effectiveness
analysis

Multivariate normal

Section B.3.4

Blood transfusion

Blood transfusion regression
parameters

Multivariate normal

Section B.3.5.2.2

Iron supplementation

IV iron supplementation regression
parameters

Multivariate normal

Section B.3.5.2.3
and Table 64

Treatment dose

Roxadustat dose

Multivariate normal

Section B.3.5.1.1

epoetin beta

ESA dose - Multivariate normal

Drug costs

Roxadustat cost - None Section B.3.5.1.2
ESA cost - None Section B.3.5.1.2
Home district nurse appointment £21.00 None

cost

Outpatient administration resource o

use 15% None Section B.3.5.1.3
Hospital administration £28.25 None

Inpatient administration resource 5% None

use

ESA proportions

Epoetin alfa None

Darbepoetin alfa None

Epoetin beta None Section B.3.5.1.2
Epoetin zeta None

Methoxy polyethylene glycol- None

Monitoring costs
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Variable Value Measurement of Reference to
uncertainty and section in
distribution submission

Initial correction phase resource 4 None

use (first 12 weeks of treatment)

Maintenance phase resource use 1.5 Section B.3.5.1.4
None

(post 12 weeks of treatment)

Inpatient monitoring visit £29.25 None

Severity distribution of stroke

Non-disabling stroke 48.5% Beta

Moderately disabling stroke 42.6% Beta Section B.3.4.4

Severely disabling stroke 8.8% Beta

Health state costs

Blood transfusion cost £516 Gamma

Monitoring costs £30 Gamma

Haemodialysis £461 Gamma

Peritoneal Dialysis £495 Gamma

IV iron cost £0.17 Gamma

IV iron administration £275 Gamma .

Total cost of stroke £8,518.66 Gamma Sect|%n385.3é5.2 &

Total cost of Ml £3,047 Gamma R

Total cost of VAT £3,601 Gamma

Proportion of patients requiring 17% None

home district nurse

Unit cost of ESA administration by £21.00 None

a district nurse

TRAESs inputs

Stroke — Roxadustat - SE: 0.0003, Beta

Stroke — ESA | SE: 0.0003, Beta

MI — Roxadustat | SE: 0.0005, Beta B.3.4.4 Adverse

MI — ESA | SE: 0.0006, Beta reactions

VAT — Roxadustat - SE: 0.0004, Beta

VAT —ESA SE: 0.0001, Beta

Abbreviations: CVD, Cardiovascular disease; CKD, Chronic kidney disease; Cl, confidence interval; Hb, haemoglobin, SE; Standard error; M,
Myocardial infraction; ESA; Erythropoiesis stimulating agent; TRAEs, Treatment related adverse events; HRQoL, Health related quality of life;
IV, intravenous.

B.3.6.2 Assumptions

Table 70. Main assumptions in the economic model

Assumption Justification

The model is informed by a The key parameters driving the model engine were informed by
pooled analysis of all four trials | IPD analyses from the roxadustat NDD clinical trials. The
conducted in the NDD baseline characteristics of the patients across the four NDD
population roxadustat trials were balanced and the pooled population

baseline demographics and clinical characteristics were
considered representative of the UK population by clinical
experts.

Pooling the NDD trials was considered the most appropriated
approach to generate robust estimations from the regression
equations. This is aligned with the general principle of the NICE
methods guide of basing the analysis on data from all relevant
studies of the best available quality. The statistical analyses
controlled for treatment and make use of a much larger dataset to
estimate the effect of roxadustat and ESA. The approach was
validated with HTA experts.
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Assumption

Justification

It is assumed that roxadustat
and ESA are administered for
the patient’s lifetime

Treatment discontinuation rates were not modelled directly in the
statistical analyses due to a lack of long term follow up data to
model its impact accurately in both treatment arms. Instead,
treatment discontinuation was treated as a censoring event in all
statistical analyses (in line with the EMA submission).
Additionally, it was assumed that a patient not responding to a
specific ESA class would be managed with a different ESA (ESA
are considered equivalent in terms of efficacy and safety profile
by different guidelines (1, 11, 36)).

A patient receiving roxadustat can only currently switch to ESA
(as the only available alternative treatment). As the cost
effectiveness model assumes both treatments have the same
survival profile, similar list prices and similar impacts on
proportion in state, it is unlikely that switching from roxadustat to
ESA would have a substantial impact on the cost effectiveness
analysis.

No treatment effect is applied
on survival

The regression analysis performed based on IPD suggests a

small incremental benefit for roxadustat on patient survival (-
d). No

treatment effect was applied to patient survival in the model. This
was in line with expert clinical opinion to not expect significant
differences in survival directly from anaemia treatment. The
implementation of a treatment related mortality effect has been
tested in scenario analyses.

No treatment effect is applied
on time to dialysis

As with patient survival, no treatment effect was included in time
to dialysis. This is in line with clinical expert advice and data from
the DOLOMITES trial (i.e. no significant differences between
roxadustat and ESA were identified).

Treatment doses, IV iron
usage, blood transfusion and
quality of life are dependent on
the Hb level

The treatment effect of roxadustat is modelled through the effect
on the Hb level. In turn, the patient’s Hb level in the model affects
the resource use (treatment dose, IV iron, etc) and HRQoL
(health state utilities) accrued in each cycle. These dynamics are
captured in the regressions fitted to patient level data from the
relevant NDD roxadustat trials (42, 43, 45, 46)

This was deemed the most accurate manner to estimate the
treatment effect on roxadustat in the model, as the relationship
between Hb levels and resource use and utility are not well
established in the literature.

Dialysis status is not linked to
survival and transition
probabilities between Hb level
health states

Dialysis status does not explicitly impact survival or Hb level in
the model. Patients on dialysis receive a utility decrement and
accrue the dialysis associated costs. However, it should be noted
that the analysis did not censor patients when dialysis started.
Therefore, any impact of dialysis on Hb level, treatment doses
and HRQoL has been indirectly captured in the trial outcomes
used to model the patient cohort.

Abbreviations: ESA; Erythropoiesis stimulating agent; EMA, European Medicines Agency; IV: intravenous; Hb: haemoglobin; QoL: quality of
lifen NDD: non-dialysis dependent; HRQoL: health-related quality of Ifie.

B.3.6.3

Scenario analyses

Several scenario analyses were performed to explore the uncertainties and the

robustness of the model. Table 71 provides an overview of the scenarios analysed.
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Table 71. Scenarios included in the cost-effectiveness analyses

#

Scenario description

Justification

1

Using alternative
distribution for all-cause
mortality

Exponential distribution was selected as the base case curve
to estimate mortality. These scenarios explore the impact of
the alternative parametric distributions in the model outcomes

Using alternative
distribution for time to
dialysis

Log-logistic distribution was selected as the base case curve
to estimate time to dialysis. These scenarios explore the
impact of the alternative parametric distributions in the model
outcomes

Using alternative values to
inform QoL (by Hb level)

QoL

3.1 Investigate model sensitivity associated with the utility
based on EQ-5D-5L

3.2 Investigate the sensitivity of results to alternative source of
data (76)

Applying utilities associated
with method of
administration

A patient preference study (see section B.3.4.3.2) was
conducted to estimate the utility gains associated with moving
from subcutaneous injections at home once every two weeks
to oral administration.(77) This scenario evaluates the cost-
effectiveness of roxadustat when these utility gains are
modelled.

Using shorter time horizons
(5 and 10 years)

To access when how benefits of roxadustat are accrued over
the patient’s lifetime

5.1 Time horizon of 5 years

5.2 Time horizon of 10 years

5.3 Time horizon of 35 years

ESA cost increase (5%,
10%)

ESA are provided in syringes or pens that require cold storage
and, in some cases, specialised disposal. These can present
an additional cost burden as they require additional and
separate space, respectively. Once a syringe is used it
becomes biohazard material and always requires specialist
disposal and destruction which also presents cost burden.
Furthermore, not all staff can handle biohazard material due to
safety reasons.

Due to the challenges in quantifying these costs, they were
considered in the base case. This scenario aims to capture
the costs associated with cold chain storage and disposal.
Two variations were performed:

6.1 5% increase on ESA drug acquisition costs

6.2 10% increase on ESA drug acquisition costs

Comparator arm (ESA
proportion) based on
clinical trials

Investigate model sensitivity associated with ESA classes and
conversion factors used to estimate equivalent ESA doses.
7.1 100% Epoetin alfa use

7.2 100% Darbepoetin alfa use

7.3 100% Epoetin beta use

7.4 100% Epoetin zeta use

7.5 100% Methoxy polyethylene glycol-epoetin beta use

Abbreviations: ESA; Erythropoiesis stimulating agent; IV: intravenous; Hb: haemoglobin; QoL: quality of life; OS: overall survival; IPD:
individual patient data.

B.3.7

Base-case results

On average, a patient treated with roxadustat gains - additional QALY's

(discounted) compared to a patient treated with ESA over a lifetime horizon. The

additional QALY's with roxadustat are achieved with total costs per patient increasing

by . Roxadustat treatment for anaemic CKD patients is more effective and costly
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than ESA, resulting in an ICER of |l (Table 72). Additional clinical outcomes and

disaggregated costs are provided in Appendix J.

Table 72. Base case cost-effectiveness results 10,000 patients
Roxadustat ESA

N
|

Total costs
Total QALYs
Total LYs

Incremental costs
Incremental QALYs
ICER

NMB (£20,000 per QALY)

Abbreviations: ESA, erythropoiesis-stimulating agents, QALY: quality adjusted life year, LY: life year, ICER: incremental cost-effectiveness
ratio, NMB: net monetary benefit.

B.3.7.1 Probabilistic sensitivity analysis

A probabilistic sensitivity analysis was performed to account for multivariate and
stochastic uncertainty in the model. The uncertainties in the individual parameters for
treatment effect, costs, and utilities were characterised using probability distributions

and analysed with a Monte Carlo simulation of 10,000 iterations.

An overview of the probabilistic sensitivity analysis results for the cost effectiveness
are shown in Error! Not a valid bookmark self-reference.. Overall, the probabilistic
sensitivity analysis results produced slightly lower mean values than the base case
analysis with a dominant ICER (JJfl]) and net monetary benefit (NMB) of £jJ]. The
probabilistic sensitivity analysis (PSA) mean produced slightly lower incremental
costs for roxadustat (JJj- [l in the base case) for a similar QALY gain

() -1d roxadustat was the dominant strategy.

Table 73. Probabilistic sensitivity analysis results
Roxadustat ESA

Total costs (95% Cl)

Total QALYs (95% Cl)

Incremental costs (95% CI)

Incremental QALYs (95% CI)

ICER (95% Cl)

NMB £20,000 per QALY (95%
cl)

Abbreviations: Cl: confidence interval, ESA: erythropoiesis-stimulating agents, QALY: quality adjusted life year, ICER: incremental cost
effectiveness ratio, NMB: net monetary benefit.

The individual results of the probabilistic sensitivity analysis were plotted in cost

effectiveness planes to visualise the distribution of possible ICERSs relative to the
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ESA (Figure 13). Each dot represents one Monte Carlo simulation where the
effectiveness input parameters are sampled from their distributions. A total of 10,000
of such simulations were performed. The black line represents a willingness to pay
(WTP) threshold of £20,000 per QALY gained and the red circle represents the

mean output from the PSA.

Figure 13. Cost-effectiveness (CE) plane

Abbreviations: QALY: quality adjusted life year.

At list prices, the probability of roxadustat being cost effective versus ESA was [}
considering a threshold of £20,000/QALY (Figure 14). In addition, in [ of the

simulations, roxadustat was the dominant treatment option.
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Figure 14. Cost-effectiveness acceptability curve (CEAC)

Abbreviations: QALY: quality adjusted life year, CEAC: cost-effectiveness acceptability curve.

B.3.7.2 Deterministic sensitivity analysis (DSA)

DSA was conducted by varying key input parameters within their 95% confidence
interval or their most plausible ranges. It should be noted that parameters related to
the regression models used to estimate key parameters were not included in the
DSA.

Variables for which no confidence interval and/or SD or error was available have
been varied by an arbitrary range of £25%. The results were plotted in a tornado

diagram (Figure 15) and summarised in Table 74.
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Figure 15. Tornado diagram

|Abbreviations: ICER: incremental cost-effectiveness ratio; IV: intravenous; MI: miocardial infarction; QALY: quality adjusted life year; VAT:
vascular access thrombosis.

Overall, the DSA results suggest that the results of the cost effectiveness of
roxadustat compared to ESA are relatively stable when key parameters are varied
across their standard error or reported upper and lower ranges. Broadly, ICERs
remained within the cost-effectiveness range usually accepted by NICE for all

parameters tested.

Based on these results, the biggest driver of the model is || GcNGE
I s is a consequence of the weight of this baseline

characteristic in the regressions used to estimate Hb level occupancy, mortality, time
to dialysis, roxadustat and ESA treatment doses, IV iron supplementation and blood
transfusion. Varying this parameter from || ] ]l ICER results oscillated

between [l and roxadustat dominance (| ).

Other significant drivers are the costs adverse events (VAT and MI) and blood
transfusions. Although the differences in the rates of these events between
roxadustat and ESA are not significant, the total incremental QALYs between were
very low (JJl]) hence, changes in these costs (very small in comparison to the total

costs) had non-negligible impact on the ICER and NMB.

The remaining parameters included in the DSA had a very limited impact on the

model outcomes.
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Table 74. DSA results

Notes: *These variables are population dependent

Abbreviations: DSA: deterministic sensitivity analysis: ESA: erythropoiesis-stimulating agents, QALY: quality adjusted life year, CVD: cardiovascular disease, IV: intravenous, MI: miocardial infarction, VAT: vascular access

thrombosis, Hb: haemoglobin. g: gram, dlI: deciliter.
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Parameter nputs - IGER - NME -
Base case Low High Low High Low High

Discount rate - costs 3.5% 1.5% 6.0%

Discount rate - QALYs 3.5% 1.5% 6.0%

Proportion of patients with CVD history* 38.3% 28.7% 47.9%

Proportion of patients with diabetes* 55.5% 41.6% 69.4% .

Proportion on haemodialysis* 78.3% 58.7% 97.9%

Blood transfusion cost £516 £387 £645 .

Oral iron cost £0.001 £0.001 £0.001

IV iron cost £0.17 £0.13 £0.21 .

IV iron administration