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Study locations and investigators 

This study was performed at 385 centers in 25 countries worldwide: Argentina (18 

centers), Brazil (19 centers), Bulgaria (11 centers), Canada (22 centers), Colombia 

(4 centers), Czech Republic (10 centers), Germany (3 centers), Hungary (13 

centers), India (23 centers), Korea (13 centers), Malaysia (4 centers), Mexico (8 

centers), Peru (11 centers), Philippines (5 centers), Poland (7 centers), Romania (6 

centers), Russia (20 centers), Slovakia (6 centers), Spain (7 centers), Taiwan (10 

centers), Thailand (7 centers), Turkey (8 centers), Ukraine (25 centers), United 

States (US; 113 centers), and Vietnam (12 centers). 

In addition, 54 centers were opened but did not contribute any patients to the study 

analyses. 

Country Principal Investigators  

Argentina Sonia Angélica Sassone; Maria Cecilia Ponce; Carlos Alejandro Arias; Leonardo 
Sivak; Pablo Oscar Ramallo; Juan Antonio Muntaner; Javier Alejandro Parodi; 
Gabriela Susana Carnero; Pedro Gabriel Alvarez; Gustavo Cristian Greloni; 
Andres Alvarisqueta; Jose Ruben Zanchetta; Omar Claudio Brea; Ignacio Jorge 
Mackinnon; Juan Martín Loureyro; Lucas Rista; Gabriel Gustavo Gagliardino; 
Jorge Roberto Aiub; Marcos Alejandro Mayer 

Brazil Jose Jayme Galvao De Lima; Roberto Flavio Silva Pecoits Filho; Maria Eugenia 
Fernandes Canziani; Carlos Eduardo Poli De Figueiredo; Nelson Rassi; Adriana 
Costa E Forti; Miguel Carlos Riella; Elvino Jose Guardao Barros; Marcus Gomes 
Bastos; Raphael Pereira Paschoalin; Luciane Monica Deboni; Miguel Nasser 
Hissa; Renan Magalhaes Montenegro Junior; Margarete Mara Da Silva; Sergio 
Seiji Yamada; Guilherme Becker Sander; Marcelo Rodrigues Bacci; Irene De 
Lourdes Noronha; Fabiana Rodrigues Hernandes 

Bulgaria Rusanka Todorova Daneva; Vladimir Iliev Popiliev; Nikolinka Petrova Baranska-
Trifonova; Danail Borisov Popov; Pencho Yordanov Simeonov; Zvezdan Dimitrov 
Gatsev; Slavka Boyadzhieva; Daniela Kostadinova; Tsvetelina Dimitrova Vutova; 
Temenuga Stoyanova Tiholova; Elena Dimitrova Avramova 

Canada Philip Alan McFarlane; Alan William McMahon; Shivinder Singh Jolly; Sandra 
Donnelly; Norman Muirhead; Sanjay Pandeya; Paul Yiu Wing Tam; Gihad 
Nesrallah; Fabrice Mac-Way; Francois Madore; Stephen Chow; George Ireneus 
Soltys; Thomas Hewlett; Andrew William Steele; Paul Sohi; Joslyn Diane Conley; 
Gerald Daroza; Paul Vincent James Komenda; Iris S Gorfinkel; Naresh Aggarwal; 
Eric St-Amour; Vincent Pichette 

Columbia Jose Gabriel Charria; Gustavo Adolfo Guzman; Luis Alfonso Valderrama; Rodrigo 
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Botero 

Czech 
Republic 

Petra Ronova; Dalibor Lecian; Zuzana Novicka; Slavoj Slais; Daniel Olzbut; 
Zuzana Bitterova; Jitka Rehorova; Frantisek Senk; Petr Schlemmer; Jakub 
Sevcik; Petr Gorun; Ales Hruby 

Germany Christian Rosenberger; Volker Burst; Stephan Lüders 

Hungary Ilona Mezei; Péter Kevei; Mihály Gurzó; Gábor Varga; Péter Vörös; Károly 
Schneider; Mihály Dudás; Lajos Nagy; István Pintér; Gábor Zakar; Katalin Páll; 
Botond Csiky; Zsuzsanna Szigeti 

India Manjunath S Shetty; Abhay Gopal Huprikar; Ashwani Gupta; Dinesh Khullar; 
Budithi Subba Rao; Gullipalli Prasad; Narinder Pal Singh; Sandip Kumar 
Bhattacharya; Sudhakar Kancharla; Satyanarayanarao Kakollu; Satyendra Kumar 
Sonkar; Charulata Prashant Bawankule; Nagnath Kerba Redewad; Nikhil 
Sunilkumar Badnerkar; Avinash Ignatius; Bhimavarapu Sudhakar; Kalpana S 
Mehta; Kiranmai Ismal; Venkata Sai Krishna Maddi; Vijaykumar Narayanappa; 
Dilip Rangarajan; Kamal Ramesh Goplani; Sreenivasa Murthy 
Lakshminarayanappa; Ashwinikumar Khandekar; Sameer Balswaroop Chaubey 

Malaysia Nor Azizah Aziz; Zanariah Hussein; Wan Mohd Izani Wan Mohamed; Wee Kooi 
Cheah 

Mexico Francisco Gerardo Padilla Padilla; Enrique Lopez Rosas; Nikos Christo Secchi 
Nicolás; Jorge Valente Echeverri Rico; Sergio Saúl Irizar Santana; Alfredo Chew 
Wong; Rafael Valdez Ortíz; Edgar Francisco Contreras Alvarez 

Peru Augusto Saavedra; Elizabeth Teresa Escudero; Luis Humberto Zapata; Helard 
Andres Manrique; Juan Rodriguez; Luis Leon; Carlos Enrique Guerreros 
Benavides; Lucy Melchora Gonzales; Jorge Richard Calderon Ticona; Luis 
Camacho; Jamie Villena 

Philippines John Li; Rey Isidto; Agnes Jean Villaflor; Juliet Chua Chong Noel; Marie Angeline 
Gumba 

Poland Andrzej Oko; Rafał Zwiech; Jolanta Fijałkowska-Morawska; Urszula Chonin; 
Wiesław Klatko; Marcin Myślicki; Dorota Śliwicka; Michal Szurkowski 

South Korea Dong-Wan Chae; Dae Ryoung Cha; Sang Youb Han; Sun Ae Yoon; Hyeong-
Cheon Park; Young Joo Kwon; Bum Soon Choi; Mi Jung Shin; Byung Soo Kim; 
Sung Woo Lee; Su-Ah Sung; Young-Hwan Hwang; Seok Joon Shin; Kang Wook 
Lee; Jun Young Do; Sang Heon Song; Sug Kyun Shin 

Romania Gabriel Mircescu; Mirela Liana Gliga; Ligia Petrica; Irinel Mihaela Craciun; Ovidiu 
Sorin Golea; Iancu Viorel Pitea; Marinela Ionela Stoian 

Russia 
Federation 

Konstantin Apartsin; Elena Solovianova; Elena Kolmakova; Rostislav Nilk; Alexey 
Nizov; Ilya Aleksandrov; Konstantin Zelenin; Naufal Zagidullin; Vadim Romanov; 
Irina Osipova; Maria Rossovskaya; Elena Germash; Mikhail Dudarev; Galina 
Zubeeva; Lyudmila Kvitkova; Nino Amiranovna Dzhaiani; Irina Karpova; Olga 
Nikolayevna Lavrova; Tatyana Morugova; Nataliya Osokina 

Slovakia Aniko Oroszova; Jozef Fekete; Jan Boldizsar; Robert Roland; Lubomir Polascin; 
Dasa Flochova 

Spain Domingo Hernández Marrero; Pedro Aranda Lara; Jonay Pantoja Pérez; José 
Luis Górriz Teruel; Francisco Javier González Martínez; Francisco Javier Toro 
Prieto; Paula Batalha Caetano; Mercedes Salgueira Lazo; María Jesús Puchades 
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Montesa; Juan Alfonso Miguel Carrasco; Cándido Díaz Rodríguez; Julio 
Hernández Jaras 

Taiwan Chen-Chieh Hung; Chih-Jen Wu; Der-Cherng Tarng; Yu-Sen Peng; Yung-Ho 
Hsu; Ko-Lin Kuo; Tso-Hsiao Chen; Chin-Chan Lee; Horng-Rong Chang; Shih-
Yuan Hung 

Thailand Bancha Satirapoj; Yingyos Avihingsanon; Chagriya Kitiyakara; Kriengsak 
Vareesangthip; Cholatip Pongskul; Thananda Trakarnvanich; Thanachai Panaput 

Turkey Alaattin Yildiz; Ercan Ok; Kenan Ates; Siren Sezer; Mustafa Balal; Funda Sari; 
Fatih Dede; Nurhan Seyahi 

Ukraine Nataliia Pyvovarova; Yuriy Mostovoy; Mykola Kolesnyk; Yurii Honchar; Nataliia 
Kolomiichuk; Igor Nikityuk; Ivan Prodanchuk; Viktor Stus; Olga Galushchak; Ivan 
Topchii; Oleksandr Bilchenko; Roman Yatsyshyn; Nataliia Velichko; Svitlana 
Bilyk; Maksym Shostak; Igor Kyrychenko; Liubov Sokolova; Olena Ovska; Yuriy 
Ablitsov; Anna Garnytska; Viktor Doretskyy; Iurii Karachentsev; Natalia 
Shcherbyna; Nadiia Korobova; Volodymyr Koval; Olena Ovska 

USA Steven Fishbane; Pablo Ezequiel Pergola; Anjay Rastogi; Ramon Eduardo 
Mendez; Abel Murillo; Mohamed Ali El-Shahawy; Marializa Victorino Bernardo; 
Steven Ramos; Aris Nikas; Raul Santoscoy; Sungchun Lee; George Hon; Charles 
Jeffrey Kaupke; Chaim Charytan; Stella Awua-Larbi; Harjeet Brar; Suresh 
Kamath; Joseph Soufer; Devasmita Choudhury Dev; Brian Keith Macgillivray; 
Brian Lee Donner; Robert Szewc; Margaret Chang; Stuart Handelsman; 
Theodossis Zacharis; Douglas Shemin; Hector Rodriguez; Gregory Greene Allen 
Jr.; Charuhas Vinay Thakar; Nayan Gowda; Walid Nasri Ghantous; Paolo Fanti; 
Shweta Bansal; Deandra Martin; Paolo Fanti; Shweta Bansal; Deandra Martin; 
Thomas Robert Mccune; Francisco Garcia; Hashim Raza Kazmi; Peale Chuang; 
Lawrence Marshall Lehrner; A. Kaldun Nossuli; Mario Belledonne; Imran Nazeer; 
Rupi Chatha; Jonathan Wise; Asha Leonora Bailey; John Edward Buerkert; 
Ahmed M. Awad; Khalid Bashir; Richard John Lund; Thomas Edward Jarrett; 
Freemu Varghese; Oscar Galvez; Yonghong Huan; Shatish Patel; Radu Jacob; 
Kianoosh Kaveh; James Reich; Ariel Velasco; Elizabeth Connelly; Mark 
Vannorsdall; Devaraj Munikrishnappa; Erica Hyerim Hopkins; Ramin Berenji; 
Sumit Kumar; Carlos Leon-Forero; Nestor Eduardo Almeida; Michael Hovater; 
Rajesh Yalavarthy; David Prescott Tietjen; James Sullivan III; George Edward 
Newman; Brian Joseph Mussio; Marwan Omar Kaskas; Sucharit S. Joshi; Manuel 
Montero; Kendra Sue Hendon; Jeffrey Yong Ryu; Edouard Rene Martin; Nelson 
Kopyt; Amaury Roman-Miranda; Jose Ortiz Rosario; Ricardo Calderon-Ortiz; 
Evelyn Matta-Fontanet; Luis Alfonso Rivera Colon; Grisell Ortiz-Lasanta; Maribel 
Rodriguez-Torres; Rafael Burgos-Calderon; Luis Quesada; Gildred Esmirna 
Colon-Vega; Ganesh Kambhampati; Joel Justin Baranski; Eugene Edward 
Galperin; Osman Saleem Khawar; Ramon Narciso Arenas Guadiz; Samia 
Khwaja; Raffi Ralph Minasian; Alexander Anthony Velar; Chris Martin Sholer; 
Abida Zafar; Fernando Carmelo Trespalacios; Rajendran Alappan; Shah Faizul 
Islam; Christopher Henry Kwoh; Jin Wang; Erik Van Ginkel; Fernando Arencibia; 
Gilda Maria De La Calle; Ravindra Agarwal; Orlando Sebastian Rangel; Luis 
Garcia-Mayol; Manuel Gonzalez; Juan Angel Fernandez; Jack Craig Rosenfeld; 
Fabiola Schlessinger; Juan Angel Fernandez; Enrique Gutierrez; Ghassan El-
Abdallah Hadi; Koithara Varkey George Thomas; Roderick Comunale; Aamir Zain 
Jamal; Ramachandra Patak; Sanjiv Anand; Ramin Sam; Sam James; Arvind 
Mehta; Olumayowa Adefunke Aderinto 

Vietnam Bui Van Pham; Nguyen Nghia Huynh Thi; Lien Thi Kim Chau; Loc Duc Nguyen; 
An Phan Hai Ha; Tuyen Gia Do; Hang Thanh Phan; Phuoc Tan Cao; Tam Quang 
Dang; Dao Anh Dang; Hung Nguyen; Anh Thu Thi Tran; Hoa Quoc Hoang; Ngoc 
Bao Hoang Nguyen; Dung Phuong Ta 
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Inclusion criteria 

 Provision of informed consent prior to any study-specific procedures. 

 Age ≥18 years at screening Visit 1. 

 Estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 (calculated by 

central laboratory using the 4-variable Modification of Diet in Renal Disease 

[MDRD] equation) corresponding to stage 3–5 chronic kidney disease (CKD) 

according to the Kidney Disease Outcomes Quality Initiative, not receiving 

dialysis.1, 2 

 Mean of two most recent central laboratory hemoglobin values during the 

screening period, obtained at least 7 days apart, had to be <10.0 g/dL. 

 Ferritin ≥50 ng/mL at randomization (obtained from screening visit). 

 Transferrin saturation (TSAT) ≥15% at randomization (obtained from the 

screening visit). 

 Serum folate level greater than or equal to the lower limit of normal (LLN) at 

randomization (obtained from the screening visit). 

 Serum vitamin B12 level greater than or equal to the LLN at randomization 

(obtained from the screening visit). 

 Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) ≤3 × 

upper limit of normal (ULN) and total bilirubin ≤1.5 × ULN at randomization 

(obtained from the screening visit). 

 Body weight of 45–160 kg. 
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Exclusion criteria 

 Involvement in the planning and/or conduct of the study. 

 Previous randomization in the current study. 

 Any erythropoiesis-stimulating agent (ESA) treatment within 6 weeks of 

randomization. 

 New York Heart Association Class III or IV congestive heart failure at enrollment. 

 Myocardial infarction, acute coronary syndrome, stroke, seizure or a 

thrombotic/thromboembolic event (e.g., deep vein thrombosis or pulmonary 

embolism) within 12 weeks prior to randomization. 

 History of chronic liver disease (e.g., chronic infectious hepatitis, chronic 

autoimmune liver disease, cirrhosis or fibrosis of the liver). 

 Known hereditary hematologic disease such as thalassemia, sickle cell anemia, a 

history of pure red cell aplasia, or other known causes for anemia other than 

CKD. 

 Known and untreated retinal vein occlusion or known and untreated proliferative 

diabetic retinopathy (risk for retinal vein thrombosis). 

 Diagnosis or suspicion (e.g., complex kidney cyst of Bosniak Category IIF, III, or 

IV) of renal cell carcinoma on renal ultrasound (or other imaging procedure e.g., 

computed tomography scan or magnetic resonance imaging) conducted at 

screening or within 12 weeks prior to randomization. 

 Systolic blood pressure ≥160 mmHg or diastolic blood pressure ≥95 mmHg 

(confirmed by repeated measurement), within 2 weeks prior to randomization. 

Patients could be rescreened once blood pressure was controlled. 
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 History of prostate cancer, breast cancer, or any other malignancy, except the 

following: cancers determined to be cured or in remission for ≥5 years, curatively 

resected basal cell or squamous cell skin cancers, cervical cancer in situ, or 

resected colonic polyps. 

 Positive for any of the following: human immunodeficiency virus, hepatitis B 

surface antigen, or anti-hepatitis C virus antibody. 

 Chronic inflammatory diseases such as rheumatoid arthritis, systemic lupus 

erythematosus, ankylosing spondylitis, psoriatic arthritis, or inflammatory bowel 

disease that were determined to be the principal cause of anemia. 

 Known hemosiderosis, hemochromatosis, or hypercoagulable condition. 

 Any prior organ transplant or a scheduled organ transplantation date. 

 Any red blood cell (RBC) transfusion during the screening period. 

 Any current condition leading to active significant blood loss. 

 Any treatment with roxadustat or a hypoxia-inducible factor prolyl hydroxylase 

inhibitor. 

 Had received another new chemical entity (defined as a compound which had not 

been approved for marketing) or had participated in any other clinical study that 

included drug treatment within at least 1 month of the first administration of the 

study drug in this study. (Note: patients consented and screened, but not 

randomized in this study or a previous study were not excluded.) 

 History of alcohol or drug abuse within 2 years prior to randomization. 

 Females of childbearing potential, unless using contraception or sexual 

abstinence. 

 Pregnant or breastfeeding females. 

 Known allergy to the investigation product or any of its ingredients. 
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 Any medical condition, including active, clinically significant infection, which in the 

opinion of the Investigator or Sponsor could have posed a safety risk to a patient 

in this study, which may have confounded safety or efficacy assessment or might 

have interfered with study participation. 
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Dose adjustment algorithm 

Dose adjustments were permitted starting at week 4 and at intervals of every 4 

weeks until week 52, and every 8 weeks thereafter using a dose adjustment 

algorithm. All dose adjustments were based on hemoglobin values using Hemocue, 

a point of care device. Hemoglobin values were to be recorded in the electronic case 

report form and the Interactive Web Response System. 

Change in Hb over 
past 4 weeks

a
 

Hb <10.5 g/dL Hb 10.5 to 
11.9 g/dL 

Hb 12.0 to  
12.9 g/dL 

Hb ≥13.0 g/dL 

<–1.0 ↑ ↑ No change Dose withheld and 
resumed when Hb 

was ≤11.9 g/dL, at a 
dose that was 

reduced by two dose 
steps 

–1.0 to 1.0 ↑ No change ↓ 

>1.0 No change ↓ ↓ 

a
After week 52, dose to be adjusted based on current hemoglobin (Hb) (increase 1 dose step if <10.5 g/dL, no 

change if 10.5 to 11.9 g/dL, or decrease 1 dose step if 12 to 12.9 g/dL). 

Dose increases and reductions: 

Dose increases and reductions were preset according to dose steps. Dose steps 

were as follows: 20, 40, 50, 70, 100, 150, 200, 250, and 300 mg. Example: A dose 

increase at a dose of 70 mg would result in 100 mg as the new dose. A dose 

reduction at a dose of 150 mg would result in 100 mg as the new dose. If patients on 

20 mg three times weekly required a dose reduction, frequency was to be reduced to 

twice a week, i.e., 20 mg administered twice a week. If further dose reductions were 

needed, frequency was to be reduced to once weekly, i.e., 20 mg administered once 

a week. Note: The maximum dose was capped at the lower of 3.0 mg/kg or 300 mg 

per dose administration. 
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Dose adjustment for excessive erythropoiesis: 

If hemoglobin increased by >2.0 g/dL within a 4-week period, the dose was to be 

reduced by 1 step. The dose could be adjusted at any time, even on visits without a 

dose adjustment review. In such cases, dose adjustment reviews were then resumed 

at 4-week intervals until week 52, thereafter at 8-week intervals. If a dose adjustment 

review was performed on Week 18, then the next dose adjustment review was to be 

scheduled on week 24, since there was no scheduled visit on week 22. 
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Prohibited medication 

The following medications/therapies were prohibited during the study: 

 Any investigational drug from randomization until end of study (EOS). 

 Any ESA during the treatment period, except for rescue medication. 

 Iron-chelating agents (e.g., deferoxamine/desferrioxamine, deferiprone or 

deferaxirox therapy) from 4 weeks prior to screening until EOS. 

 Androgens from randomization onwards until EOS. 

 Dapsone (at any dose) from randomization to EOS. 

 Chronic doses of acetaminophen/paracetamol >2.0 g/day from randomization 

until EOS. 
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Rescue medication 

Intravenous (IV) iron: 

Oral iron supplementation was allowed for both treatment arms without restriction. 

Oral iron was recommended for dietary supplementation to support erythropoiesis 

and as the first line for prevention and treatment of iron deficiency, unless the patient 

was intolerant to this treatment. Use of IV iron was not encouraged. However, the 

Investigator could initiate the use of an approved IV iron supplement if: 

 The patient was receiving or did not tolerate oral iron, and 

 Hemoglobin <8.5 g/dL, and 

 Ferritin <100 ng/mL or TSAT <20%. 

Treatment with the study drug could continue during IV iron administration. Ferritin 

and TSAT assessment were recommended 4 weeks after IV iron administration. 

Discontinuation of IV iron supplementation was recommended once the patient was 

no longer considered to be iron deficient (ferritin ≥100 ng/mL and TSAT ≥20%) or 

hemoglobin >9 g/dL, whichever occurred first. 

RBC transfusion: 

RBC transfusion was allowed if rapid correction of anemia was required to stabilize 

the patient’s condition (e.g., acute hemorrhage) or the Investigator was of the opinion 

that blood transfusion was a medical necessity. Investigational product treatment 

was allowed to continue during or after RBC transfusion administration. 
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Erythropoiesis-stimulating agents (ESA): 

The Investigator could use an approved ESA as rescue medication if all of the 

following criteria were met: 

 A patient’s hemoglobin level had not sufficiently responded to two or more dose 

increases or the maximum dose limit of the study drug had been reached, and 

 The patient’s hemoglobin was <8.0 g/dL on two consecutive measurements 

drawn at least 5 days apart, and 

 Clinical judgment did not suggest iron deficiency or bleeding as a cause of lack of 

response or rapid decline in hemoglobin, and 

 Reducing the risk of alloimmunization in transplant eligible patients and/or 

reduction of other RBC transfusion-related risks was a goal. 

Patients were not allowed to be administered both an ESA and the study drug at the 

same time. Patients could receive two cycles of rescue treatment with ESA. If they 

met the above criteria for ESA rescue for a third time, the study drug was to be 

permanently discontinued. In addition, the study drug was to be permanently 

discontinued for patients who initiated dialysis and who were clinically judged to 

require ESA therapy. 
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Missing at random-based multiple imputation analysis of 

covariance 

Non-monotone missing Hb data points (where patients skipped intermediate visits 

but returned for subsequent visits) were imputed assuming missing at random using 

the Markov Chain Monte Carlo (MCMC) model and using baseline Hb, eGFR, 

cardiovascular history, geographical region, and the available non-missing Hb for 

each scheduled week as covariates, by treatment group. For each dataset, the 

missing monotone data points were imputed, which is when a patient missed one 

visit, and all subsequent visits. As a result, 200 imputed complete datasets were 

generated. An analysis of covariance (ANCOVA) model was fitted on each of the 

200 datasets, where the average of the imputed and observed Hb values between 

weeks 28 to 52 for each patient was taken as the dependent variable and baseline 

Hb, baseline eGFR, treatment group, cardiovascular history, and geographical 

region were used as covariates. The results of all 200 ANCOVA models were 

combined using Rubin’s rules.3 
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Efficacy subgroup analyses 

Subgroup analyses were performed on the primary efficacy endpoint, using the ITT 

analysis set and the following key patient subgroups: 

 Hemoglobin: ≤8 and >8 g/dL, and ≤9 and >9 g/dL. 

 Age: <65 and ≥65 years. 

 Sex: Male versus Female. 

 Race: White, Black or African American, Asian, American Indian or Alaska native, 

Other. 

 Baseline weight: <70 kg versus ≥70 kg. 

 Geographical region: US versus ex-US. 

 Baseline eGFR value: <30 versus ≥30, <15 versus ≥15, and <10 versus ≥10 

mL/min/1.73 m2. 

 Diabetes history: Yes versus No. 

 Baseline iron repletion status (ferritin >100 and TSAT >20%): Yes versus No. 
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Treatment compliance 

Treatment compliance was calculated as follows: 

([Overall amount of dose actually taken] / [overall expected amount of dose to be 

taken]) × 100% 

Dose taken was calculated based on medication returned by patients to their clinics. 

Low compliance and significant noncompliance were determined as <75% and 

<50%, respectively. 
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Supplemental Table 1. Statistical analyses of secondary efficacy end points 

Fixed 
sequence 
number

a
 

Secondary efficacy end point Analysis 
population 

Statistical methods 

1 Hb response FAS Hb response (Yes/No) at two consecutive visits (with available data) separated by 
at least 5 days during the first 24 weeks of treatment without having received 
rescue therapy prior to Hb response. The first date of the consecutive visits was to 
be used as the date of response. The second date of the two consecutive visits 
was to be used when evaluating the presence or absence of rescue therapy. The 
proportion of responders was compared using a Cochran-Mantel-Haenszel test 
adjusting for geographic region, cardiovascular history, baseline Hb (≤8, >8 g/dL), 
and baseline eGFR (≤30, >30 mL/min/1.73 m

2
), for roxadustat compared with 

placebo 

2 Mean change in Hb from baseline 
averaged over Weeks 28–52 among 
patients with baseline hsCRP greater than 
the ULN 

ITT Analyzed analogously as the primary efficacy endpoint. Superiority of roxadustat 
compared with placebo was declared if the lower bound of the two-sided 95% CI 
of the difference between roxadustat and placebo exceeded 0 

3 Proportion of total time of interpolated Hb 
values ≥10 g/dL from Weeks 28 to 52 

ANCOVA with treatment arm, geographic region, and cardiovascular history as 
fixed effects, and baseline Hb and baseline eGFR as covariates. Superiority of 
roxadustat compared with placebo was declared if the lower bound of the two-
sided CI of the difference between roxadustat and placebo exceeded 0 4 Proportion of total time of interpolated Hb 

values 10–12 g/dL from Weeks 28 to 52 

5 Mean change from baseline in LDL 
cholesterol to Week 24 

ANCOVA with treatment arm, geographic region and cardiovascular history as 
fixed effects, and baseline values for Hb, eGFR, and LDL cholesterol as 
covariates. Superiority of roxadustat compared with placebo was declared if the 
upper bound of the two-sided 95% CI of the difference between roxadustat and 
placebo exceeded 0 

6 Need for first rescue therapy (composite) of 
any of IV iron, RBC transfusion, or ESA as 
rescue therapy 

OT+28 Cox proportional hazard model. Baseline Hb, baseline eGFR, geographic region, 
and cardiovascular history were included as covariates. Superiority of roxadustat 
compared with placebo was declared if the upper limit of the two-sided 95% CI for 
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7 Need for first RBC transfusion as rescue 
therapy 

the HR was ≤1.0. The first rescue therapy end points are presented as the 
number (%) of patients with the event and event rates per 100 patient-years at 
risk (total number of years at risk) 

8 Mean change in SF-36 Vitality sub-score 
from baseline averaged over Weeks 12– 
28 

ITT MMRM with treatment, visit, treatment-by-visit interaction and baseline covariates, 
including the baseline score, baseline Hb, baseline eGFR, geographic region, and 
cardiovascular history as fixed effects, and patient as a random effect. Superiority 
of roxadustat compared with placebo was declared if the lower bound of the two-
sided CI for the difference between roxadustat and placebo exceeded 0 

9 Annual rate of eGFR change prior to 
initiation of dialysis/kidney transplant 

MMRM using all post-baseline eGFR values prior to initiation of 
dialysis/transplant. Baseline eGFR, baseline Hb, geographic region, 
cardiovascular history, treatment arm, and post-baseline eGFR measurement 
time were used as fixed effects, and patient and time as random effects, i.e., 
random intercept and slope 

10 Mean change in SF-36 Physical 
Functioning sub-score from baseline 
averaged over Weeks 12–28 

MMRM with treatment, visit, treatment-by-visit interaction, and baseline 
covariates, including the baseline score, baseline Hb, baseline eGFR, geographic 
region, and cardiovascular history as fixed effects, and patient as a random effect. 
Superiority of roxadustat compared with placebo was declared if the lower bound 
of the two-sided CI for the difference between roxadustat and placebo exceeded 
0. The formal hypothesis testing would stop regardless of the testing result 

a
Formal statistical hypothesis testing was stopped as soon as a test was accompanied by a P-value ≥0.05. 

ANCOVA, analysis of covariance; CI, confidence interval; eGFR, estimated glomerular filtration rate; FAS, full analysis set; Hb, hemoglobin; HR, hazard ratio; 

ESA, erythropoiesis-stimulating agent; hsCRP, high-sensitivity C-reactive protein; ITT, intent-to-treat; IV, intravenous; LDL, low-density lipoprotein; MMRM, 

mixed-effect model repeated measure; RBC, red blood cell; SF, short-form; ULN, upper limit of normal. 
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Supplemental Table 2. Statistical analyses of exploratory efficacy end points 

Exploratory efficacy end point Analysis 
population 

Statistical methods 

Change in serum iron profiles: ferritin, total iron 
binding capacity, and transferrin saturation from 
baseline throughout week 24 to EOT visit 

ITT ANCOVA with baseline Hb, baseline eGFR, baseline value, treatment, cardiovascular 
history, and geographic region as covariates 

Change from baseline in hepcidin to week 24 

Time to initiation of dialysis OT+28 Cox proportional hazard model. Baseline Hb, baseline eGFR, geographic region, and 
cardiovascular history were included as covariates. Time to initiating dialysis was 
calculated as (date of first initiation of dialysis, or date of censoring if no dialysis was 
initiated) – (date of randomization) + 1. Patients who did not initiate dialysis but had a renal 
transplant were censored at the date of transplant. Patients who did not initiate dialysis and 
did not have a renal transplant were censored at the earliest date of the EOS visit, or if 
treatment was stopped prior to the end of the treatment visit, the date of last contact or 
withdrawal of consent, or date of death 

Change in blood pressure (systolic blood 
pressure and diastolic blood pressure) from 
baseline throughout week 28 to EOT visit 

ITT Conducted using ANCOVA 

ANCOVA, analysis of covariance; eGFR, estimated glomerular filtration rate; EOS, end of study; EOT, end of treatment; Hb, hemoglobin; ITT, intent-to-treat. 
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Supplemental Table 3. Key medications taken during study treatment 

Medication, n (%) 
Roxadustat  

(n=1384)
 

Placebo  
(n=1377) 

Iron supplements 

 Iron bivalent, oral 

  Ferrous sodium citrate 

 Iron in other combinations 

 Iron in combination with folic acid 

 Iron trivalent, oral 

  Ferric citrate 

 Iron preparations 

 Anti-anemia preparations 

 Iron, parenteral 

 Other 

869 (62.8) 

643 (46.5) 

12 (0.9) 

140 (10.1) 

121 (8.7) 

97 (7.0) 

6 (0.4) 

15 (1.1) 

2 (0.1) 

3 (0.2) 

1 (<0.1) 

908 (65.9) 

640 (46.5) 

9 (0.7) 

171 (12.4) 

120 (8.7) 

91 (6.6) 

1 (<0.1) 

15 (1.1) 

8 (0.6) 

0 

0 

Dihydropyridine derivatives 865 (62.5) 879 (63.8) 

Statins 711 (51.4) 703 (51.1) 

Angiotensin II antagonists 588 (42.5) 571 (41.5) 

Proton pump inhibitors 585 (42.3) 479 (34.8) 

Platelet aggregation inhibitors
a
 578 (41.8) 527 (38.3) 

Vitamin D and analogs 482 (34.8) 429 (31.2) 

Beta blocking agents, selective 470 (34.0) 460 (33.4) 

Phosphate binders 396 (28.6) 310 (22.5) 

Angiotensin converting enzyme inhibitors 329 (23.8) 273 (19.8) 

Insulin and analogs for injection, fast acting 313 (22.6) 246 (17.9) 

Alpha and beta blocking agents 300 (21.7) 250 (18.2) 

Insulin and analogs for injection, long acting 274 (19.8) 229 (16.6) 

Other anti-parathyroid agents 52 (3.8) 38 (2.8) 

a
Excluding heparin. 

Includes allowed medications that began prior to and were ongoing after randomization, or that began 

between the day of randomization and the day prior to last dose of study drug.  
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Supplemental Table 4. Exposure by dose 

Dose/week Dose, mg Roxadustat (n=1384) Placebo (n=1376) 

Patients ever receiving, 
n (%) 

Patients ever receiving,  
n (%) 

1 20 180 (13.0) 28 (2.0) 

2 20 328 (23.7) 36 (2.6) 

3 20 563 (40.7) 57 (4.1) 

3 40 759 (54.8) 79 (5.7) 

3 50 1003 (72.5) 178 (12.9) 

3 70 1383 (99.9) 1374 (99.9) 

3 100 834 (60.3) 1256 (91.3) 

3 150 469 (33.9) 1068 (77.6) 

3 200 188 (13.6) 594 (43.2) 

3 250 57 (4.1) 222 (16.1) 

3 300 16 (1.2) 69 (5.0) 

OT+28 analysis set. Percentages were based on the number of patients in the OT+28 analysis set in 

that treatment arm.  

OT, on-treatment. 
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Supplemental Table 5. Proportions of patients with at least one dose reduction 

or increase during treatment 

 Roxadustat (n=1384) Placebo (n=1376) 

≥1 dose reduction 1204 (87.0) 577 (41.9) 

≥1 dose increase 1242 (89.7) 1247 (90.6) 

OT+28 analysis set. Data shown are number and percentage of patients. Percentages were based on 

the number of patients in the OT+28 analysis set in that treatment arm. During treatment refers to 

from randomization until the last dose of study drug. 

OT, on-treatment. 
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Supplemental Table 6. Secondary efficacy end points 

End point Roxadustat (n=1384) Placebo (n=1377) Difference in LSM 
changes (95% CI)

a
 

P value 

n Rate of change estimate 
(95% CI) / Adjusted LSM 

(SE)
a
 

n Rate of change estimate 
(95% CI) / Adjusted LSM 

(SE)
a
  

8. Change from baseline in SF-
36 Vitality sub-score over weeks 
12 to 28 

1279 1.59 (0.23) 1235 1.15 (0.23) 0.44 (–0.11, 0.99) 0.120
b
 

9. Rate of change in eGFR from 
baseline during entire treatment 
period, mL/min/1.73 m

2
 

1326 –3.70 
(–4.04, –3.35) 

1314 –3.19 
(–3.55, –2.83) 

–0.51  
(–1.00, –0.01) 

Nominal 
P=0.046 

10. Change from baseline in SF-
36 Physical Functioning sub-
score over weeks 12 to 28 

1279 0.14 (0.22) 1234 –0.39 (0.22) 0.52 (0.0, 1.05) Nominal 
P=0.051 

a
Rate of change estimate (95% CI) and rate of change difference (95% CI) are presented for secondary end point 9; adjusted LSM change (SE) and 

difference in LSM changes (95% CI) are presented for secondary endpoints 8 and 10. 

b
The difference was not statistically significant; therefore, the formal statistical hypothesis testing was stopped, and no further statistical testing was performed 

for all subsequent secondary end points. 

CI, confidence interval; eGFR, estimated glomerular filtration rate; LSM, least-squares mean; SE, standard error; SF, short-form. 
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Supplemental Table 7. Most common serious adverse events (≥1%) by system 

organ class and preferred term (ITT analysis set)a 

Preferred term Roxadustat (n=1384) Placebo (n=1377) 

Patients  
with 

event 

% Event 
rate (per 
100 P-Y)

b
 

Patients  
with 

event 

% Event 
rate (per 
100 P-Y)

b
 

Infections and infestations 

Pneumonia 113 8.2 4.14 88 6.4 3.29 

Sepsis 49 3.5 1.75 23 1.7 0.84 

Urinary tract infection 36 2.6 1.29 26 1.9 0.96 

Cellulitis 24 1.7 0.86 13 0.9 0.48 

Septic shock 18 1.3 0.64 15 1.1 0.55 

Peritonitis 15 1.1 0.53 14 1.0 0.51 

Device-related infection 14 1.0 0.50 5 0.4 0.18 

Metabolism and nutrition disorders 

Hyperkalemia 41 3.0 1.48 25 1.8 0.92 

Hypoglycemia 32 2.3 1.14 26 1.9 0.96 

Fluid overload 20 1.4 0.71 22 1.6 0.81 

Hyperglycemia 16 1.2 0.57 9 0.7 0.33 

Nervous system disorders 

Cerebrovascular 
accident 

15 1.1 0.53 11 0.8 0.40 

Cardiac disorders 

Cardiac failure 
congestive 

33 2.4 1.18 31 2.3 1.14 

Acute myocardial 
infarction 

26 1.9 0.92 27 2.0 0.99 

Cardiac failure 25 1.8 0.89 32 2.3 1.18 

Myocardial infarction 14 1.0 0.50 13 0.9 0.47 

Cardiac failure acute 8 0.6 0.28 14 1.0 0.51 

Vascular disorders 
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Hypertensive crisis 33 2.4 1.18 27 2.0 0.99 

Hypertensive emergency 21 1.5 0.75 21 1.5 0.77 

Hypertension 17 1.2 0.61 16 1.2 0.59 

Deep vein thrombosis 15 1.1 0.53 4 0.3 0.15 

Respiratory, thoracic, and mediastinal disorders 

Pulmonary edema 17 1.2 0.60 16 1.2 0.59 

Pleural effusion 15 1.1 0.53 16 1.2 0.59 

Acute pulmonary edema 13 0.9 0.46 22 1.6 0.81 

Acute respiratory failure 12 0.9 0.43 20 1.5 0.73 

Gastrointestinal disorders 

Gastrointestinal 
hemorrhage 

20 1.4 0.71 15 1.1 0.55 

Gastritis 18 1.3 0.64 15 1.1 0.55 

Renal and urinary disorders 

End stage renal disease 199 14.4 7.68 201 14.6 8.06 

Azotemia 61 4.4 2.20 60 4.4 2.24 

Acute kidney injury 41 3.0 1.47 32 2.3 1.18 

General disorders and administration site conditions 

Death 43 3.1 1.52 28 2.0 1.02 

Generalized edema 17 1.2 0.61 7 0.5 0.26 

Injury, poisoning, and procedural complications 

Arteriovenous fistula 
thrombosis 

18 1.3 0.64 9 0.7 0.33 

a
Included SAEs with an onset date on or after the date of randomization and up to and including the 

end of study visit, withdrawal of consent, or date of last contact.  

b
Calculated as [Number of patients with SAEs divided by (the total number of days at risk for that SAE 

across all patients in given group divided by 365.25)] × 100.  

Included AEs that were assessed to be serious by the Investigator, or where this assessment was 

missing. Percentages were based on the number of patients in the ITT analysis set in that treatment 

arm.  

AE, adverse event; ITT, intent-to-treat; P-Y, patient-years; SAE, serious AE.
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Supplemental Table 8. Serious adverse events within the cardiac disorders 

system organ class, by preferred term (ITT analysis set)a 

Preferred term Roxadustat (n=1384) Placebo (n=1377) 

Patients  
with 

event 

% Event 
rate (per 
100 P-Y)

b
 

Patients  
with 

event 

% Event 
rate (per 
100 P-Y)

b
 

Cardiac failure 
congestive 

33 2.4 1.18 31 2.3 1.14 

Acute myocardial 
infarction 

26 1.9 0.92 27 2.0 0.99 

Cardiac failure 25 1.8 0.89 32 2.3 1.18 

Myocardial infarction 14 1.0 0.50 13 0.9 0.47 

Coronary artery disease 12 0.9 0.43 7 0.5 0.26 

Angina pectoris 10 0.7 0.36 9 0.7 0.33 

Angina unstable 10 0.7 0.36 10 0.7 0.37 

Atrial fibrillation 10 0.7 0.35 12 0.9 0.44 

Cardiac arrest 9 0.7 0.32 4 0.3 0.15 

Acute coronary 
syndrome 

8 0.6 0.28 5 0.4 0.18 

Cardiac failure acute 8 0.6 0.28 14 1.0 0.51 

Arrhythmia 6 0.4 0.21 3 0.2 0.11 

Cardio-respiratory arrest 6 0.4 0.21 4 0.3 0.15 

Acute left ventricular 
failure 

5 0.4 0.18 4 0.3 0.15 

Cardiac failure chronic 4 0.3 0.14 5 0.4 0.18 

Myocardial ischemia 4 0.3 0.14 8 0.6 0.29 

Cardiac asthma 3 0.2 0.11 0 0 0 

Cardiogenic shock 3 0.2 0.11 1 <0.1 0.04 

Cardiopulmonary failure 3 0.2 0.11 1 <0.1 0.04 

Pericardial effusion 3 0.2 0.11 0 0 0 

Bradycardia 2 0.1 0.07 3 0.2 0.11 
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Cardiomyopathy 2 0.1 0.07 1 <0.1 0.04 

Congestive 
cardiomyopathy 

2 0.1 0.07 0 0 0 

Left ventricular failure 2 0.1 0.07 0 0 0 

Sinus node dysfunction 2 0.1 0.07 0 0 0 

Aortic valve stenosis 1 <0.1 0.04 0 0 0 

Arteriosclerosis coronary 
artery 

1 <0.1 0.04 1 <0.1 0.04 

Atrial flutter 1 <0.1 0.04 0 0 0 

Atrioventricular block 1 <0.1 0.04 0 0 0 

Cardiomegaly 1 <0.1 0.04 0 0 0 

Coronary artery 
insufficiency 

1 <0.1 0.04 0 0 0 

Heart valve 
incompetence 

1 <0.1 0.04 0 0 0 

Heart valve stenosis 1 <0.1 0.04 0 0 0 

Hypertensive 
cardiomyopathy 

1 <0.1 0.04 0 0 0 

Left ventricular 
dysfunction 

1 <0.1 0.04 1 <0.1 0.04 

Mitral valve 
incompetence 

1 <0.1 0.04 0 0 0 

Pulseless electrical 
activity 

1 <0.1 0.04 1 <0.1 0.04 

Sinoatrial block 1 <0.1 0.04 0 0 0 

Sinus bradycardia 1 <0.1 0.04 0 0 0 

Supraventricular 
tachycardia 

1 <0.1 0.04 1 <0.1 0.04 

Ventricular extrasystoles 1 <0.1 0.04 0 0 0 

Ventricular fibrillation 1 <0.1 0.04 3 0.2 0.11 

Atrioventricular block 
complete 

0 0 0 1 <0.1 0.04 

Bradyarrhythmia 0 0 0 1 <0.1 0.04 

Bundle branch block left 0 0 0 1 <0.1 0.04 
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Cardiac tamponade 0 0 0 1 <0.1 0.04 

Chronic left ventricular 
failure 

0 0 0 1 <0.1 0.04 

Coronary artery stenosis 0 0 0 1 <0.1 0.04 

Ischemic 
cardiomyopathy 

0 0 0 1 <0.1 0.04 

Left ventricular 
hypertrophy 

0 0 0 1 <0.1 0.04 

Metabolic 
cardiomyopathy 

0 0 0 2 0.1 0.07 

Mitral valve disease 0 0 0 1 <0.1 0.04 

Right ventricular failure 0 0 0 2 0.1 0.07 

Sinus arrest 0 0 0 1 <0.1 0.04 

Tachycardia 0 0 0 2 0.1 0.07 

Ventricular arrhythmia 0 0 0 1 <0.1 0.04 

Ventricular tachycardia 0 0 0 2 0.1 0.07 

a
Included SAEs with an onset date on or after the date of randomization and up to and including the 

end of study visit, withdrawal of consent, or date of last contact.  

b
Calculated as [Number of patients with SAEs divided by (the total number of days at risk for that SAE 

across all patients in given group divided by 365.25)] × 100. 

Percentages were based on the number of patients in the ITT analysis set in that treatment arm.  

ITT, intent-to-treat; P-Y, patient-years; SAE, serious adverse event.
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Supplemental Table 9. Serum potassium treatment-emergent laboratory values 

(OT+28 analysis set) 

Outcome Roxadustat (n=1384) Placebo (n=1376) 

Serum potassium, mmol/L, 
mean (SD) 

  

Baseline 4.77 (0.690) 4.76 (0.690) 

End of treatment 4.89 (0.769) 4.79 (0.712) 

Change from baseline 0.05 (0.522) 0.01 (0.541) 

Serum potassium, mmol/L, n 
(%)

a
 

  

≤3.5 218 (15.8) 204 (14.8) 

≥6.0 350 (25.3) 259 (18.8) 

≥6.5 143 (10.3) 94 (6.8) 

≥7.0 54 (3.9) 34 (2.5) 

a
Patients are included in a category if they had at least one post-baseline value fulfilling the criteria. 

Data shown in the table exclude measurements taken after initiation of dialysis. Baseline is defined as 

the last measurement prior to randomization. 

OT, on-treatment; SD, standard deviation. 
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Supplemental Figure 1. Time to premature study drug discontinuation by treatment arm and baseline eGFR (OT+28 

analysis set) 
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KM percentages were calculated at 24 months. Permanent discontinuation criteria: patient decision or investigator decision (adverse event, severe non-

compliance, need for a third cycle of ESA rescue therapy, or initiation of dialysis and need for ESA rescue therapy). 

eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; KM, Kaplan–Meier; N, number of patients in that treatment arm; OT, on-

treatment.
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Supplemental Figure 2. Serum iron parameters by visit, according to baseline 

quartile. A) Iron; B) Ferritin; C) TIBC; D) TSAT (ITT analysis set) 
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Error bars are 95% CIs. Baseline is defined as the last measurement prior to randomization. 95% CI 

of the mean is based on the normal distribution. ITT, intent-to-treat; Pbo, placebo; Roxa, roxadustat; 

TIBC, total iron binding capacity; TSAT, transferrin saturation. 
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