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Figure 1: Schematic representation of role of Hypoxia inducible factor in anemia and its regulation. EPO,
Erythropoietin; HIF, Hypoxia Inducible Factor; PHD, Prolyl Hydroxylase Domain; PHI, Prolyl Hydroxylase Inhibitor
(HIF Stabilizers); vHL, von Hippel Lindau
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Figure 1. Hypoxia-inducible factor (HIF) pathway. Abbreviations: DcytB, duodenal cytochrome B; DMT1, divalent metal transporter
1; EPO, erythropoietin; PH, prolyl hydroxylase.
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Table 1 HIF-PHIs in clinical development for the treatment of anemia

Compound

AKB-6548
(Vadadustat)

Akebia Therapeutics
GSK-1278863
(Daprodustat)
GlaxoSmithKline
FG-4592
(Roxadustat)
Fibrogen/Astellas Pharma/
AstraZeneca

BAY 85-3934
(Molidustat)

Bayer Pharma
JTZ-951

Japan Tabacco, Inc.
/Akros Pharma, Inc.
Zyanl

Cadila Healthcare
JNJ-42905343
Janssen Pharmaceutica
DS-1093

Daiichi Sankyo, Inc.

Ref.
86,88,89

81,90-92

82,85

93-95

96

97,98

99

Development status

Phase 3

Phase 3

Phase 3

Phase 2

Phase 2

Phase 1
Pre-clinical

Discontinued for anemia, under
evaluation for other indications

HIF-« stabilization

HIF-20 > HIF-1a

HIF-1ae and HIF-2«

HIF-1a and HIF-2«

HIF-1a and HIF-2«

Not published

Not published
HIF-1a and HIF-2«

Not published

HIF-PHD targets
PHD3 > PHD2

PHD2 and PHD?3

PHDI1, 2 and 3

PHD2 >PHDI1/PHD3

Not published

Not published
PHDI1, 2 and 3

Not published

10 10
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fOLdzd yd™ RjyHbk tOL d d&zd HIFBHI§ Ot

Generic Name Investigational Name Sponsor Half-Life, h Dosing Frequency Investigational Status
Roxadustat FG-4592 FibroGen, Astellas, & AstraZeneca 12-13 3x/wk Phase 3
Vadadustat AKB-6548 Akebia 45 Daily Phase 3
Daprodustat ~ GSK-1278863 GlaxoSmithKline 4 Daily Phase 2 (US)

Phase 3 (Japan)
Molidustat BAY 85-3934 Bayer NA Daily Phase 2

Abbreviations: HIF-PH, hypoxia-inducible factor prolyl hydroxylase; NA, not available (data not published).

Gupta and Wish AmAm J Kidney Dis. 2017;69(6):815-826

Effective Daily
Oral Doses in Dosing Plasma Rel. Activity, IC50
Compound Phase Il Trials Schedule  Half-Life (h) EPO (IU/L) Metabolism for PHD2 (uM)
Daprodustat 5-25 mg (50 and Qb ~1-7% 24.7 and CYP2C8 with PHD3>PHD1>PHD2,
(GSK-1278863) 100 mg also 34.4, 82.4+1 minor CYP3A4  0.067
examined)
Molidustat 25-150 mg (=75 mg QD 4-105% 39.85 n.r. PHD3>PHD1/PHD2,
(BAY 85-3934) in DD-CKD) 0.007
Roxadustat 0.7-2.5 mg/kg TIW 12-15| 113 and CYP2C8 PHD1,2,3 equally,
(FG-4592, ASP1517) 397, 1309 0.027
Vadadustat 150-600 mg QD (TIW)  4.7-9.17 32%% n.r. PHD3>PHD1>PHD2,
(AKB-6548, MT-6548) 0.029

Sanghani and Haase. Adv Chronic Kidney Dis. 2019;26(4):253-266

10 10 fyj dzlsw B thovs S An0DH Mz )dstOd@® | ¢  Mistodtotso Odz 20 Isjtetedlsstedd t A. RMflssyddS: https:/



md dB8d Ui MS Ow MistelzS KHIE®B §tcj f OtcOls

S OteB sdzGc dzd g f Bztso OW  y J
Mo BH dZOWS fd @dzEZ Is Otc Ols 5«
HIF-PHI <

02

w HOOC-C-C-COOH
OH OH Fe2+ COs

(0]
2-oxoglutarate

Q.

PHD1
PHD2 :

PHD3
> —>  VHL-mediated

Pro-OH
Pro-OH

OJ\ N o
AKB-6548 / Vadadustg GSK-1278863 / Daprodustat
polyubiquitylation J MW: 306.9 g/mol NN 395.4.g/mo]
and proteasomal
02 degradation o Ao
os 0 -
erythropoiesis | f\ J I/\ 0
& N N |
energy metabolism pr = N,/ N N\)
EPO inflammation o \"/\(
VEGF endothelial health FG-4592 / Roxadustat N 2"
PGK1 and vascular repair MW: 352.3 g/mol
LDH oxidative stress responses
others

BAY-85-3934 / Molidustat
t MW: 314.3 g/mol
renoprotective factors 9

EPO, erythropoietin; HIF, hypoxia-inducible factor; LDH, lactate dehydrogenase; PGK1,

phosphoglycerate kinase 1; PHD, prolyl hydroxylase domain; PHI, prolyl hydroxylase inhibitor; VEGF,
vascular endothelial growth factor; VHL, von Hippel-Lindau.
10 10 fj dzlsw B tevs CANDOHHdSEOBE | ¢ dMistedtetss Odz 20 Isjtetedlsstedd tA. RfjssyddS: htt)
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HIF, hypoxia-inducible factor.

o HOf ks q te s SOdiedd @ and Ratcliffe PJ. 2004.

1. S c h ° dand Ratcliffe PJ. Nat Rev Nephrol. 2019;15(10):6411 659; 2. Schofield CJ and Ratcliffe PJ. Nat Rev Mol Cell Biol. 2004;5(5):343i 354. ,asteuas

ASTELLAS NON PROMOTIONAL MEDICAL MATERIAL FOR DISEASE STATE EDUCATION (DSE) PURPOSES.
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Features and properties of roxadustat

Alternative names
Class

Mechanism of action
Route of administration

Pharmacodynamics
Pharmacokinetics

Most frequent adverse events

ATC codes
WHO ATC code
EphMRA ATC code

Chemical name

ASP 1517; AZD 9941; FG-4592

Amide; antianaemic; carboxylic acid; isoquinoline; small molecule

Binds to and potently inhibits HIF-PHD, reducing HIF breakdown and promoting its activity
Oral

Dose-dependently increased Hb levels, reduced hepcidin and cholesterol levels and transiently increased endog-
enous EPO levels within or near physiologic range

Exposure increased dose-dependently (approximately proportional to dose) across 1-4 mg/kg dose range; half-life
was 8-12 h

Nasopharyngitis, back pain, diarrhoea, vomiting, decreased appetite, muscle spasms, hypertension, decreased
transferrin saturation, headache, fatigue, hyperkalaemia

B0O3X-A05
B3

(((4-Hydroxy-1-methyl-7-phenoxyisoquinolin-3- yl)carbonyl)amino)acetic acid

EPO erythropoietin, Hb haemoglobin, HIF hypoxia-inducible factor, HIF-PHD hypoxia-inducible factor prolyl hydroxylase enzyme

Ha 10 ceHTabpa 2021 roga pokcagycTaT He 3apernucTpupoBaH Ha Tepputopun P®. MeTouHuk: https://grls.rosminzdrav.ru/Default.aspx
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Roxadustat,

Roxadustat

Roxadustat

Roxadustat,

Roxadustat,

Roxadustat,

alfa

Roxadustat,

Roxadustat,

Roxadustat

Roxadustat

placebo

epoetin alfa
epoetin alfa
darbepoetin
placebo

placebo

Primary MDS

CKD anaemia in dialysis
and nondialysis pts

CKD anaemia incident to
HD or PD

CKD anaemia in HD pts
with ESRD

CKD anaemia in HD pts
with ESRD

CKD anaemia in pts on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

[
==
L]

[
==
L]

Recruiting
Unknown

Completed
Completed
Completed
Completed
Completed
Completed
Completed

Completed

OH kMO o' |

China

USA, Puerto Rico
USA, Hong Kong,

Russia, Singapore

China

USA

Japan

China

Japan

USA, Puerto Rico

USA

C dzd dzd yd Mm& «

NCT03303066; FGCL-
4592-813

NCT01630889; FGCL-
4592-059

NCT01414075; FGCL-
4592-053

NCT01596855; FGCL-
4592-048

NCTO01147666; FGCL-
4592-040

NCTO01888445; 1517-CL-
0304

NCT01599507; FGCL-
4592-047

NCT01964196; 1517-CL-
0303

NCT01244763; FGCL-
4592-041

NCTO00761657;
FGCLSM4592-017

FibroGen

FibroGen

FibroGen

FibroGen

FibroGen

Astellas Pharma

FibroGen

Astellas Pharma

FibroGen

FibroGen

CKD chronic kidney disease, ESA erythropoiesis stimulating agent, ESRD end-stage renal disease, ID incident dialysis, HD haemodialysis, MDS
myelodysplastic syndrome, PD peritoneal dialysis, pts patients

S. Dhillon Drugs https://doi.org/10.1007/s40265-019-01077-1

Ha 10 ceHTsbpa 2021 roga pokcagycTaTt He 3aperucTpuposaH Ha Tepputopun PO, MeTouHuk: https://gris.rosminzdrav.ru/Default.aspx
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Table 3. Summary of Published Peer-Reviewed Phase Il Studies in DD-CKD

I r
td L I d rlsq%dlgm dzr?jﬁ]quFdPJ dzls T

HS9

Duration
Compound Study n (wk) Comp Ferritin TIBC Hepcidin VEGF Cholesterol
Daprodustat  Holdstock et al.*” 82 4 rhEPO " 1 No chg. (5 mg) No chg. l
(GSK- Brigandi et al.** 83 4 Placebo ! 1 | (10 and 25 mg) Lg. variation n.r.
1278863) Akizawa et al.”® 97 4 Placebo l i) l No chg. il
Meadowcroft et al.” 216 24 Placebo ! 0 ! No chg. n.r.
Molidustat Macdougall et al.”’ 199 16 rhEPO Nochg. No chg. No chg. n.r. No chg.
(BAY 85-3934)
Roxadustat Provenzano et al.** 54 (part1) 6 or19* rhEPO [ 1 (part 11) Lt n.r. l
(FG-4592, and 90
ASP1517) Besarab et al.”” 60 12 None It 14 1 ALk n.r.
Chen et al.”® 87 6 rhEPO ! 1+ ! n.r. It
Vadadustat Haase et al.”* 94 16 None ) ey It No chg. No chg.
(AKB-6548, . .
MT-6548) ltej Hd OdzdtL @) ¢ j dzls!
Table 4. Summary of Published Peer-Reviewed Phase Il Studies in NDD-CKD
Duration
Compound Study n (wk) Comp Ferritin ~ TIBC Hepcidin VEGF Cholesterol
Daprodustat Holdstock et al.>® 72 4 Placebo 1 1 l No chg. l
(GSK- Brigandi et al.” 70 4 Placebo | ) | Lg. variat. n.r.
1278863)
Enarodustat Akizawa et al.*° 94 30 Placebo 1* 1% 1* No chg. n.r
(JTZ-951) (correct.) (first 6 wk)
107
(conv.)
Molidustat Macdougall et al.”" 1214 16 Placebo ! No chg. l n.r. No chg.
(BAY 85-3934) Macdougall et al.”” 124+ 16 Darbepoetin alfa l No chg. ! n.r. No chg.
Roxadustat Besarab et al.*? 116 4 Placebo 1 i 1* n.r. n.r.
(FG-4592, Provenzano et al.*® 145 16-24  None 1* T* 1* n.r. 1*
ASP1517) Chen et al.*® 91 6 Placebo 1* T 1* n.r. 1*
Vadadustat Pergola et al.”® 210 20 Placebo ¥ T* 1* No chg. No chg.
(AKB-6548, Martin et al.*® 93 6 Placebo 1* T 1* No chg. No chg.
MT-6548) 10 10 fjdzsve tts@QH dgs@DtE | c Mlstcdeso Odz dz0 Ik jetedlsstedd tA. RMissydsdS :




Key clinical trials of roxadustat

Drug(s)

Roxadustat, epoetin alfa

Roxadustat, epoetin alfa

Roxadustat, darbepoetin
alfa

Roxadustat

Roxadustat, epoetin alfa

Roxadustat, epoetin alfa,
darbepoetin alfa

Roxadustat, epoetin alfa

Roxadustat, placebo

Roxadustat, placebo

Roxadustat, darbepoetin
alfa

Roxadustat, darbepoetin
alfa

Roxadustat, placebo

Roxadustat, placebo

Roxadustat, placebo

Indication

CKD anaemia in stable
dialysis pts

CKD anaemia in stable
dialysis pts

CKD anaemia in ESA-
naive HD pts

CKD anaemia in PD pts

CKD anaemia in pts on HD
or PD

CKD anaemia in ESRD pts
on stable dialysis

CKD anaemia in pts with
newly initiated dialysis
for ESRD

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

CKD anaemia in pts not on
dialysis

Primary MDS

Phase

3

3

Status

Completed
Completed
Completed
Completed

Completed

Completed

Completed

Completed

Completed

Ongoing

Recruiting
Completed

Completed

Recruiting

Location(s)

USA, Puerto Rico
China
Japan
Japan

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Japan
China

Worldwide

Worldwide

Identifier

NCT02273726; FGCL-
4592-064; SIERRAS

NCT02652806: FGCL-
4592-806

NCT02952092; 1517-CL-
0307

NCT02780726; 1517-CL-
0302

NCTO02174731;
D5740C00002; ROCK-
IES

NCT02278341; 1517-CL-
0613; 2013-001497-16;
PYRENEES

NCT02052310; FGCL-
4592-063; 2013-002753-
30: HIMALAYAS

NCTO01750190; FGCL-
4592-060; ANDES

NCT02174627:
D5740C00001; OLYM-
PUS

NCT02021318; 1517-CL-
0610; 2013-000951-42;
DOLOMITES

NCT02988973: 1517-CL-
0310

NCT02652819; FGCL-
4592-808

NCTO01887600; 1517-CL-
0608; 2012-005180-27;
ALPS

NCT03263091:; FGCL-
4592-082

Sponsor

FibroGen
FibroGen
Astellas Pharma
Astellas Pharma

AstraZeneca

Astellas Pharma Europe
B.V.

FibroGen

FibroGen

AstraZeneca

Astellas Pharma Europe
B.V.

Astellas Pharma
FibroGen

Astellas Pharma Europe
B.V.

FibroGen

S. Dhillon Drugs https://doi.org/10.1007/s40265-019-01077-1

Ha 10 ceHTabpa 2021 roga pokcagycTaT He 3apernucTpupoBaH Ha Tepputopun P®. MeTouHuk: https://grls.rosminzdrav.ru/Default.aspx



ORIGINAL ARTICLE

Roxadustat for Anemia in Patients with Kidney Disease Not Receiving
Dialysis

Nan Chen, M.D., Chuanming Hao, M.D., Ph.D., Xiaomei Peng, B.Sc., Hongli Lin, M.D., Ph.D., Aiping Yin, Ph.D., Li Hao, M.Sc., Ye Tao, M.D., Xinling Liang, M.D., Ph.D.,
Zhengrong Liu, M.Sc., Changying Xing, M.D., Ph.D., Jianghua Chen, M.Sc., Laimin Luo, M.Sc., et al.

September 12, 2019 N Engl J Med 2019; 381:1001-1010

A H lobi
e DOI: 10.1056/NEJMoa1813599
12.54
— 120
a7 Roxadustat Table 3. Adverse Events (Safety Population).
2 110 p
e ] 3
£ 1054
% 10.04 Roxadustat Placebo
§ g'g: Adverse Event (N=101) (N=51)
I g5 “E--F-g . F------ --%--3 =¥ .
2 o5 Placebo no. of patients (%)
7.5
704 Any adverse event* 37 (37) 25 (49)
0.0 T T T T T T T T
Baseline 2 3 4 5 7 8 9 79 Anemia 0 3 (6)
T Diarrhea 0 3 (6)
No. at Risk
Roxadustat 101 100 96 97 94 88 87 87 93 Periphera| edema 7 (7) 3 (6)
Placebo 50 49 50 47 44 43 45 45 46
Pyrexia 2(2) 3 (6)
B Hepcidin q y )
B Roxadustat (N=86) [l Placebo (N=44) Upper respiratory tract infection 5(5) 4 (8)
'®] LI ! { Hyperkalemia 16 (16) 4 (8)
4 £.S
E ol £ 3 20 Metabolic acidosis 12 (12) 1(2)
< bnf =
= Sc< Gout 1(1) 3 (6)
b Ceg 409
g 50 3 Back pain 0 3 (6)
T s _god
=& = Dizziness 1(1) 4(8)
Baseline Week 9 Week 9 Hypertension 6 (6) 2 (4)
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Table 2. Change from Baseline in Serum Iron Measurements (Intention-to-Treat Population).*
Total Iron-Binding Transferrin
Trial Group and Timeline Transferrin Capacity Saturation Ferritin Iron
g/liter pumol/liter % ug/liter pmol/liter
Roxadustat
Baseline 2.18+0.48 54.64:11.98 20.6+9.2 191.4+200.5 10.69+3.93
wk 9 2.89+0.71 72.49+17.75 15.6+£10.8 98.0+146.7 10.47+6.36
Change 0.73+0.48 18.20+11.96 -5.2+10.4 -93.3x146.3 -0.24+6.31
Placebo
Baseline 52.08+12.33 23.2+11.1 11.36+4.58
Wk 9 2.07+0.46 51.80+11.41 21.4:+8.2 10.78+3.89
Change -0.01+0.39 -0.33+9.72 -1.7+£9.2 -21.9+115.5 -0.64+4.36
Between-group difference in change
Least-squares mean +SE 0.75+0.08 18.89+2.07 -4.3£1.6 -102.2+20.4 0.24+0.97
95% ClI 0.59100.92 14.79 to 22.98 -7.4t0-1.1 -142.6 to -61.7 -1.67 to 2.15

* Plus—minus values are means +SD unless otherwise stated. Included in this analysis were 85 patients in the roxadustat group and 43 in the
placebo group for whom data were available. To convert the values for iron to micrograms per deciliter, divide by 0.1791.
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Table 3. Adverse Events Occurring in at Least 5% of Patients in Either Treatment Group and All Serious Adverse Events
(Intention-to-Treat Population).*

Roxadustat Epoetin Alfa Total
Event (N=204) (N=100) (N=304)

number of patients (percent)

Adverse events

Any adverse event during treatment 96 (47.1) 38 (38.0) 134 (44.1)
Upper respiratory tract infection 37 (18.1) 11 (11.0) 43 (IS‘S}I
Hypertension 25 (12.3) 16 (16.0) 41 (13.5)
| Hyperkalemiaf 15 (7.4) 1(1.0) 16 (5.3)
Chest discomfort 13 (6.4) 0 13 (4.3)
| vomiting 12 (5.9) 2 (2.0) 14 (4.6) | ‘
Asthenia 12 (5.9) 2 (2.0) 14 (4.6)
Alanine aminotransferase increased 11 (5.4) 4(4.0) 15 (4.9)
Dizziness 10 (4.9) 6 (6.0) 16 (5.3)
Hypotension 10 (4.9) 6 (6.0) 16 (5.3)
Muscle spasms 5(2.5) 5(5.0) 10 (3.3)
Serious adverse events, according to system organ class§
Any serious adverse event during treatment 29 (14.2) 10 (10.0) 39 (12.8)
Blood or lymphatic system disorder 1 (0.5) 4] 1(0.3)
Cardiac disorder 5(2.5) 1(10) 6 (2.0)
Endocrine disorder 1(0.5) 0 1(0.3)
Gastrointestinal disorder 2 (1.0) 0 2(0.7)
Hepatobiliary disorder 2(1.0) o] 2(0.7)
Immune system disorder 2(1.0) 0 2 (0.7)
Infection or infestation 5(2.5) 3(3.0) 8 (2.6)
Injury, poisoning, or procedural complication] 7(3.4) 5 (5.0) 12 (3.9)
Metabolism or nutrition disorder 1(0.5) 0 1(0.3)
Nervous system disorder 3(1.5) 0 3 (1.0)
Product issue 0 1(1.0) 1(0.3)
Renal or urinary disorder 4(2.0) o] 4 (1.3)
Reproductive system or breast disorder 1(0.5) 0 1(0.3)
Vascular disorder 2(1.0) 0 2(0.7)

* Adverse and serious adverse events during treatment were defined as those that occurred from randomization up to
and including 2 days after trial-drug discontinuation.

T An adverse reaction is defined as an adverse event that is considered to be related or possibly related to the trial drug
by the investigator. The trial sites had different criteria for the reporting of hyperkalemia as an adverse event during
treatment. Trend analyses from baseline to the end of the trial did not show any mean increase in potassium levels.
Considering the underlying disease (chronic kidney disease), the causal relationship between the adverse reaction of
hyperkalemia and roxadustat is unclear.

1 Patients with chest discomfort had events that were noncardiac in nature.

§ Serious adverse events are reported according to system organ class preferred terms from the Medical Dictionary for
Regulatory Activities, The patient with a blood or lymphatic system disorder had anemia, the patient with an endocrine
disorder had an event related to hyperparathyroidism, the patient with a metabolism or nutrition disorder had fluid
overload, the patient with a product issue had a device malfunction, and the patient with a reproductive system or
breast disorder had hydrosalpinx.

9§ Vascular-access complications, including the terms arteriovenous fistula occlusion, arteriovenous fistula site complica-
tion, and arteriovenous fistula thrombosis, are included in this system organ class.
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Roxadustat for CKD-related Anemia i iid 2o
in Non-dialysis Patients

Daniel W. Coyne', Simon D. Roger?, Sug Kyun Shin®, Sung Gyun Kim*, Andres A. Cadena®,
Moustafa A. Moustafa®, Tak Mao Chan’, Anatole Besarab®, Willis Chou?, Charles Bradley®,
Meraf Eyassu'?, Robert Leong®, Tyson T. Lee'’, Khalil G. Saikali'', Lynda Szczech” and
Kin-Hung P. Yu®

CLINICAL RESEARCH DW Coyne et al.: Roxadustat for Anemia in Patients With NDD-CKD

Table 2. Summary of TEAEs® occurring in =5% of patients in either treatment group (0T-+28) (SAF)

Roxadustat (n = 611) Placebo (n = 305)

Preferred ferm” n (%) PEY = 1134.9° events (per 100 PEY) n (%) PEY = 377.3° events (per 100 PEY)
Hyperkalemia 111 (18.2) 154 (13.6) 41 (13.4) 47 (12.5)
Constipation 105 (17.2) 139 (12.2) 34 (11.1) 39 (10.3)
Viral upper respirafory tract infection 98 (16.0) 192 (16.9) 40 (13.1) 58 (156.4)
Hyperension 95 (15.5) 128 (11.3) 27 (8.9) 38 (10.1)
Edema peripheral 89 (14.6) 28 @1 3 28 (9.2) 38 (10.1)
Nausea 85 (13.9) 110 (9.7) 29 (9.5) 35 (9.3)
Upper respiratory fract infection 79 (12.9) 145 (12.8) 48 (15.7) 68 (18.0)
Diarrhea 78 (12.8) 106 (9.3) 31 (10.2) 39 (10.3)
Urinary fract infection 68 (11.1) 103 (9.1) 29 (9.5) 56 (14.8)
End-stage renal disease 67 (11.0) 74 (6.5) 18 (5.9) 18 (4.8)
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