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REPRISE Investigators and Committee Members 
 
In addition to the authors, the following investigators and committee members 

participated in REPRISE trial: 

Steering Committee: V Torres, Mayo Clinic, Rochester, MN (Chair); A Chapman, 

University of Chicago, Chicago, IL.; O Devuyst, University of Zurich, Zurich,  Switzerland; 

R Gansevoort, University of Groningen, Groningen, Netherlands; R Perrone, Tufts 

Medical Center, Boston, MA; J Ouyang, Otsuka, Rockville, MD; F Czerwiec, Otsuka, 

Rockville, MD. 

Independent   Data  Monitoring  Committee: B Cowley, University of Oklahoma 

College of Medicine, Oklahoma City, OK (Chair); S Goldstein, Henry Ford University, 

Detroit, MI; G Chertow, Stanford University, Stanford, CA; L Wei, Harvard University, 

Boston, MA. 

Independent Hepatic Adjudication Committee: DH Alpers, Washington University, St. 

Louis, MO (Chair); J Freston, University of Connecticut Health, Kiawah Island, SC; JH 

Lewis, Georgetown University, Potomac,  MD; CM Hunt, Duke University, Durham, NC (Ad Hoc 

member). 

Clinical Sites and Investigators: 
 
Argentina: J De La Fuente, Hospital Privado-Centro Médico de Córdoba, Córdoba; A 

Vallejos, Centro de Salud Renal Junin SRL, Junin, Buenos Aires; HM Beresan, 

CEREHA, Sarandi, Buenos Aires; HC Diaz, CEMIC, Ciudad Autonoma, Buenos Aires; 

A Wasserman, FEPREVA, Ciudad Autonoma, Buenos Aires; RS Martin, Hospital 

Universitario Austral, Pilar, Buenos Aires; M Rial, Instituto de Nefrología Ciudad 

Autonoma, Buenos Aires; AM Cusumano, Instituto de Nefrologia Pergamino SRL,  

Pergamino,  Buenos Aires; PA Novoa, Sanatorio Allende, Cordoba,Cordoba; P Mele, 

Inst de Inv Clinicas-Bahia Blanca, Bahia Blanca, Buenos Aires; P Raffaele, Hospital 

Universitario Fundacion Favaloro, Ciudad Autonoma, Buenos Aires. Australia: I 

Fraser, Epworth Healthcare, Richmond, Victoria; G Rangan, Westmead Hospital, 

Westmead, New South Wales; M Mathew, Launceston General Hospital, Launceston, 

Tasmania; B Cooper, Royal North Shore Hospital, St. Leonards, New South Wales; R 

Faull, Royal Adelaide Hospital, Adelaide, South Australia; S Holt, Royal Melbourne 

Hospital, Parkville, Victoria; P Snelling, Royal Prince Alfred Hospital, Camperdown, 
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New South Wales; M Jardine, Concord  Repatriation General Hospital, Concord, New 

South Wales; M Thomas, Royal Perth Hospital, Perth, Western Australia; D Packham, 

Melbourne Renal Research Group, Reservoir, Victoria; E Vilayur, John Hunter Hospital, 

New Lambton Heights, New South Wales; D Johnson, Princess Alexandra Hospital, 

Woolloongabba, Queensland. Belgium: P Van Der Niepen, Universitair Ziekenhuis 

Brussel, Bruxelles; O Devuyst, Cliniques Universitaries Saint-Luc, Bruxelles; P Peeters, 

Universitair Ziekenhuis Gent, Gent; B Bammens, UZ Leuven, Leuven; X Warling, CHR 

de la Citadelle, Liege; B Van Vlem, OLV Ziekenhuis, Aalst; P Doubel, AZ Groeninge 

Campus Loofstraat, Kortrijk; R Hellemans, UZ Antwerpen, Antwerpen. Canada: D 

Bichet, Centre Intégré Universitaire deSanté et de Services Sociaux du Nord-de-l’Île-

de,, Montréal, Québec; Y Pei, University Health Network, Toronto, ON; S Chow, 

Stephen S Chow Medicine, Toronto, ON; A McMahon, University of Alberta Hospital, 

Edmonton, Alberta; S Murphy, Health Sciences Center, St. John’s, Newfoundland, P 

McFarlane, Health Sciences Centre, Toronto, ON; R Ting, OTT Healthcare, 

Scarborough, ON. Czech Republic: V Tesar, Vseobecna fakultni nemocnice v Praze, 

Praha; M Ryba, Krajska nemocnice Liberec, Liberec; M Peskova, Nemocnice Ceske 

Budejovice, Ceske Budejovice; A Oplustilova, Masarykova mestska nemocnice v 

Jilemnici, Jilemnice; S Dusilova Sulkova, Fakultni nemocnice Hradec Kralove, Hradec 

Kralove; J Tocik, Nemocnice Jihlava, Jihlava; J Suchanova, Nemocnice Tabor, Tabor: 

Tr. Kpt. Jarose; O Viklicky, Institut klinicke a experimentalni mediciny, Praha; J 

Rehorova, Fakultni nemocnice Brno, Brno; I Valkovsky, Fakultni nemocnice Ostrava, 

Ostrava-Poruba. Denmark: H Dieperink, Odense University  Hospital,  Odense; H Birn, 

Aarhus Universitetshospital, Aarhus N; J Bech, Holstebro Regionhospital, Holstebro; J 

Christensen, Aalborg  Sygehus,  Aalborg.  France: P Zaoui, CHU de Grenoble Hospital 

Nord, Isere; C Pouteil-Noble, CHU de Lyon Hopital Edouard Herriot, Rhone; C Combe, 

Groupe Hospitalier Pellegrin, Girode; M Kessler, Hopital de Brabois Adultes, Meurthe et 

Moselle; Y LeMeur, CHU de Brest, Finistere; C Mariat, CHU Saint  Etienne, Loire; D 

Chauveau, CHU de Toulouse Hôpital Rangueil, Haute Garrone; C Combe, CHU-

Hôpital Pellegrin, Bordeaux; M Laville, Centre Hospitalier Lyon Sud, Rhone; P Rieu, 

Centre Hospitalier Universitaire, Reims Marne; JP Fauvel, CHU de Lyon Hopital 

Edouard Herriot, Rhone. Germany: F Dellanna, Davita Deutschland AG, Düsseldorf; P 

Gross, GWT-TUD GmbH Dresden; L Renders, Klinikum rechts der Isar der TU, 

Muenchen, Muenchen; K Budde, Charite Universitaetsmedizin, Berlin; C Sommerer, 
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Universitaetsklinikum Heidelberg, Heidelberg; F Strutz, Nierenzentrum Wiesbaden, 

Wiesbaden; C Hugo, Universitaetsklinikum Carl Gustav Carus TU Dresden, Dresden; H 

Guberina, Universitaetsklinikum Essen, Essen; M Leidig, Universitaetsklinikum 

Erlangen, Nurenberg. Hungary: B Csiky, COROMed-SMO Kft., Pecs; A Haris, Szent 

Margit Korhaz, Budapest; Z Ondrik, Szegedi Tudomanyegyetem Szent-Gyorgyi Albert 

Klinikai Kozpont, Szeged. Israel: O Kukuy, Chaim Sheba Medical Center, Ramat-Gan; 

I Ben-Dov, Hadassah University Hospital - Ein Kerem, Jerusalem; Y Yagil, Barzilai 

Medical Center, Ashkelon; D Schwartz, Tel Aviv Sourasky Medical Center, Tel Aviv; D 

van Dijk, Rabin Medical Center-Beilinson Campus, Petach Tikva; B Kristal, Galilee 

Medical Center, Nahariya. Italy: G  Capasso, Seconda Universita degli Studi di Napoli, 

Napoli;G Capelli, A.O.U. Policlinico di Modena, Modena; R Cerutti, Fondazione IRCCS 

CA' Granda, Milano; C Esposito, Fondazione Salvatore Maugeri IRCCS, Pavia; G 

Frascà, Azienda Ospedaliero Ancona; L Gesualdo, Azienda Ospedaliero Universitaria 

Consorziale, Bari; E Mancini, Azienda Ospedaliera Universitaria Policlinico, Bologna; P 

Manunta; Ospedale San Raffaele, Milan; G Pontoriero, Ospedale A. Manzoni di Lecco, 

Lecco; F Scolari, Ospedale Civile di Montichiari, Montichiari. Netherlands: R 

Gansevoort, University of Groningen, Gronigen; J Drenth, Radboudumc, Nijmegen. 

Norway: T Apeland, Stavanger Universitetssykehus, Helse Stavanger HF, Stavanger; 

HP Marti, Helse Bergen HF Haukeland Universitetssykehus, Bergen; A Stenehjem, 

Oslo Universitetssykehus HF, Ullevål, Oslo. Poland: W Klatko, Oddział Nefrologiczny 

Stacja Dializ, Ciechanow; M Klinger, Uniwersytecki Szpital Kliniczny im. Jana 

Mikulicza-Radeckiego, Wroclaw; A Ksiazek, Samodzielny Publiczny Szpital Kliniczny 

Nr 4 w Lublinie, Lublin; R Malecki, Międzyleski Szpital Specjalistyczny, Warszawa; M 

Nowicki, SPZOZ Centralny Szpital, Lodz; W Sulowicz, Specialistyczne Centrum 

Medyczne Chirurgu, Krakow; Golub Dobrzyn. Romania: G Bako, Spitalul Clinic 

Municipal, Oradea; C Achim, Institutul Clinic Fundeni, Bucuresti; R Dragulete, Centrul 

Medical de Diagnostic si Tratament Ambulatoriu si Medicina Preventiva, Bucuresti. 

Russian Federation: V Marasaev, SBIH of Yaroslavl region “Regional Clinical 

Hospital”, Yaroslav; O Nagibovich, FSBMEI HPE “Military Medical Academy n.a. S.M 

Kirov” of the MoD of the RF, Saint-Petersburg; M Rossovskaya, TSBIH “Krasnoyarsk 

Interdistrict Clinical Hospital of Emergency Medical Care n.a. N.S. Karpovich”, 

Krasnoyarsk; A Esayan, Saint- Petersburg SHI “City Clinical Hospital #31”, Saint-

Petersburg. South Africa: B Rayner, Groote Schuur Hospital E13 Renal Unit, Cape 



6  

Town; G Latiff, Latiff, GHVM, Durban; A Muranda, University of Pretoria Clinical 

Research Unit, Pretoria. Spain: R Peces Serrano, Hospital Universitario La Paz, 

Madrid; J Nieto Iglesias, Hospital General Universitario de Ciudad Real, Ciudad Real; 

M Hueso Val, Hospital Universitari de Bellvitge, Barcelona; M Praga Terente, Hospital 

Universitario 12 de Octubre, Madrid; C Castro Alonso, Hospital Universitario Dr. Peset, 

Valencia. Sweden: G Guron, Sahlgrenska Sjukhuset, Göteborg; J Melin, Akademiska 

Sjukhuset, Uppsala; O Heimbürger, Karolinska Universitetssjukhuset, Huddinge, 

Stockholm; A Fernström, Universitetssjukhuset Linköping, Linköping; O Hellberg, 

Universitetssjukhuset Örebro, Örebro; O Heimbürger, Karolinska  universitetssjukhuset 

– Solna, Stockholm. United Kingdom: N Turner, Royal Infirmary of Edinburgh, 

Edinburgh; R D’Souza, Royal Devon and Exeter Hospital, Exeter; J Barratt, Leicester 

General Hospital, Leicestershire; A Mikhail,  Morriston  Hospital, Swansea; M Howse, 

Royal Liverpool University Hospital, Liverpool; J Sayer, Freeman Hospital, Newcastle 

upon Tyne; T Shipley, James Cook University Hospital, Middlesbrough; D De Takats, 

Royal Stoke University Hospital, Stoke on Trent; S Bhandari, Hull Royal Infirmary, Hull; 

A Ong, Northern General Hospital, Sheffield; K Hillman, Manchester Royal Infirmary, 

Manchester; E Vilar, Lister Hospital, Stevenage; G Wood, Salford Royal, Salford; D 

Gale, Royal Free Hospital, London; J Kingswood, Royal Sussex County Hospital, 

Brighton; W Ayub, University Hospital Coventry & Warwickshire, Coventry; S Lambie, 

Raigmore Hospital, Inverness. United States of America: F Al-Saghir, Michigan 

Kidney Consultants, MI; L Bai, Arizona Kidney Disease and Hypertension Center, AZ; V 

Torres, Mayo Clinic, MN; D Price, Jacksonville Center for Clinical Research, FL; J 

Dilley, Brookview Hills Research Associates, NC; R Perrone, Tufts Medical Center, MA; 

J Blumenfeld, The Rogosin Institute, NY; D Scott, Institute for Clinical Studies, NY; R 

Sothinathan, IntegraTrials LLC, VA; B Mehta, South Arlington Dialysis Center TX; K 

Kaveh, Coastal Nephrology Associates Research Center, FL; N Dahl, Yale New Haven 

Health System, CT; A Haastrup, Altru Health System, ND; N Kopyt, Northeast Clinical 

Research Center, PA; K Harper, Scripps Clinical Research Services, CA; D Ross, 

Kansas Nephrology Research Institute, KS; M El-Shahawy, Academic Medical 

Research Institut, CA; P Nachman, University of North Carolina at Chapel Hill, NC; K 

Bellovich, St. Clair Nephrology Research Grand Rapids, MI; S Shirazian,
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Winthrop Internal Medicine Associates, NY; S Bart, Optimal Research LLC, MD; S 

Fadem, Kidney Associates PLLC, TX; T Watnick, University of Maryland Medical 

Center, MD; T Oo, Bronson Battle Creek, MI; A Rastogi, UCLA Medical Center, CA; A 

Silva, Boise Kidney & Hypertension Institute, ID; J Sullivan, Sierra Nevada Nephrology 

Consultants, NV; J Thomas, South Denver Nephrology, CO; M Mrug, University of 

Alabama at Birmingham, AL; A Nossuli, MD; K McGreal, University of Kansas Medical 

Center, KS; S Hariachar, Outcomes Research International, FL; K Umanath, Henry 

Ford Health System, MI; M Vernace, Doylestown Health Cardiology, PA; M Rosner, 

University of Virginia, VA; G Newman, Knoxville Kidney Center PLLC, TN; T Levitski-

Heikkila, Sanford Research, ND; M Smith, Kidney Care Associates, GA; R Schmidt, 

West Virginia University, WV; B Reddy, University of Chicago Medical Center, IL; D 

Linfert, Nephrology Associates PC, TN; M Roppolo, Renal Associates of Baton Rouge, 

LA; C Edelstein, University of Colorado Health Sciences Center, CO; F Rahbari Oskoui, 

Emory University, GA; M Chonchol, University of Colorado at Denver and the Health 

Sciences. CO; M Germain, Western New England Renal & Transplant Associates PC, 

MA; A Gupta, Research Nurse Specialists LLC, LA; K Kant, University of Cincinnati 

College of Medicine, OH; S Goldberg, Washington University, MO; J Mordujovich, 

Kidney & Hypertension Specialist of Miami, FL; M Moustafa, SC Nephrology & 

Hypertension Center, SC; H Lifland, Columbia Nephrology Associates, SC; J Cangiano, 

PR; J Von Visger, Ohio State University Clinical Trials, OH; L Negrea, University 

Hospitals Case Medical Center, OH; J Berg, DaVita Clinical Research, MN; M 

Culpepper, University of South Alabama, AL; S Goral, Penn Medicine, PA; J 

Radhakrishnan, Columbia University Medical Center, NY; J Navarro, Genesis Clinical 

Research Corp., FL; J Ryu, Nevada Kidney Disease & Hypertension Centers, NV; A 

Burgner, Vanderbilt University Medical Center, TN; R Solomon, Fletcher Allen Health 

Care, VT; R Venuto, Erie County Medical Center Corporation, NY; R Pisoni, Medical 

University of South Carolina, SC; E Charen, Mount Sinai Beth Israel, NY; P Chuang, 

Metrolina Nephrology Associates, NC; R Mangoo-Karim, South Texas Institutes of 

Health, TX; M Lioudis, Cleveland Clinic, OH; R Cohen, Southwest Kidney Institute, AZ; 

M Park, University of California San Francisco, CA; M DeLong, Arizona Kidney Disease 

and Hypertension Center, AZ; S Siddiqi, Gunderson Lutheran Medical Center, WI; M 



9  

Bodell, Wenatchee Valley Hospital & Clinics, WA; T McCune, Nephrology Associates, 

VA; S Mandayam, Baylor College of Medicine, TX; J Foringer, University of Texas 

Health Science Center at Houston, TX; R Raina, Akron Nephrology Associates, OH; J 

Pitone, Nephrology and Hypertension Associates of NJ, NJ; M Quadrini, Nephrology 

Consultants Huntsville, AL; I Nwakoby, Discovery Medical Research Group, FL; N Vo, 7 

Mountain Kidney and Hypertension Associates, NC; K Liss, Hypertension Nephrology 

Association, NJ. 

 
Trial registration. 
Trial was registered ClinicalTrials.Gov on June 6th, 2014. Of the 2292 patients who 

underwent screening and provided informed consent, 3 had a screening visit in the 

weeks before the trial registration (between May 21 and June 6, 2014). (This situation 

occurred because the sponsor followed Section 801 of the Food and Drug 

Administration Amendments Act rather than the requirements of the International 

Committee of Medical Journal Editors and the World Health Organization; the trial was 

registered within the window requirement of ClinicalTrials.gov.) Of these 3 patients, 1 

was enrolled in the trial, and the other 2 were excluded at screening. 
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Analysis of the primary endpoint by a weighted analysis of covariance. 

The primary end-point was analyzed by a weighted analysis of covariance (ANCOVA) 

with treatment and randomization stratification factors as factor and baseline covariates. 

The SAP pre-specified a weighted analysis since the variance in the primary endpoint 

may be different from patient to patient. This difference was caused by the number of 

post-treatment eGFR follow-ups a patient may have (ranged from 1 to 3), and 

furthermore caused by the annualization, especially for very early dropouts, who would 

be annualized with a large annualization factor resulting an inflation in their variances. 

Briefly speaking, the weight was equal to the reciprocal of the estimated variance of the 

annualized change for each patient, and the estimated variance was depended on the 

annualization factor and the number of observations at post-treatment follow-up  

(number of observations at pre-treatment baseline was assumed 3). In order to account 

for treatment duration on the change in eGFR, an early dropout’s post-treatment follow- 

up was assigned to a visit based on visit windows. We assume the following model for 

eGFR observations in the trial: 

yi,0,k = αi + ei,0,k   where k = 1, 2, Ki,0 (1) 

yi,j,k = αi + δi,j + ei,j,k   where k = 1, 2, Ki,j (2) 

Where Ki,0 is the number of eGFR observations during the pre-treatment baseline period 

for patient i, and Ki,j is the number of eGFR observations during the post-treatment 

follow-up period for patient i, with visit j as the visit Month 12 for completers or mapped 

regular visits for early dropouts. αi is a random variable for the “real” eGFR baseline of 

patient i, and this variable will be cancelled out for change from baseline.  δi,j  is  a 

random variable for change from pre-treatment baseline for patient i to visit  j.  These 

δi,js are normally distributed, with means being δP,j for placebo patients and δT,j for 

tolvaptan patients, and variance 𝜎𝜎𝜎𝜎δ,j
2.  These δi,js are supposed to be independent from 

patient to patient, and each patient has only one post-baseline visit j in the primary 

analysis.  In addition, αis are assumed iid normally distributed, ei,j,k are assumed iid N(0, 

𝜎𝜎𝜎𝜎2),  and all these random variables are mutually independent.  Assuming each patient 

had 3 observations at baseline, the average over the 3 observations at baseline and 

change from baseline to each post-treatment follow-up observation will be 
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2 + 𝜎𝜎𝜎𝜎2(1 + 1/3)) (4) 

ӯi,0 = αi + ēi,0,   where ēi,0 ~ N(0, 𝜎𝜎𝜎𝜎2/3) (3) 

yi,j,k -  ӯi,0 = δi,j + ei,j,k - ēi,0 ~  N(.,𝜎𝜎𝜎𝜎δ 

Note that each patient may have up to 3 such individual changes in eGFR to post- 

treatment follow-ups. Then, a mixed model with terms of treatment nested within visit 

and replication (for repeated eGFR measures in post-treatment follow-up for each 

patient) was applied to these data of change from baseline in eGFR to post-treatment 

follow-ups of all patients who were included for the primary analysis. A compound 

symmetric variance matrix was used to model the correlation of up to 3 repeated 

observations for each patient. Variance components were then estimated, and each 

patient’s variance of change (before annualization) was equal to the estimated inter- 

patient variance (𝜎𝜎𝜎𝜎δ2) plus the estimated intra-patient variance (𝜎𝜎𝜎𝜎2) multiplied by (1/3 + 

1/K), where K was the number of post-treatment eGFR observations a patient had. The 

estimated variance (before annualization) was multiplied by the annualization factor to 

estimate the variance of the primary endpoint for each patient, and the reciprocal of this 

estimated variance was used as the weight of a patient used in the primary analysis. 

Detailed specification of weight calculation was provided in item (9) of section 8.3 of the 

statistical analysis plan. 

The analysis of the primary endpoint by a weighted analysis of covariance was 

performed this way because it had been so pre-specified in the statistical analysis plan. 

Because of a concern that the weights could affect the outcome of the primary analysis, 

an unweighted analysis was also performed. The result of the unweighted analysis (- 

2.96 mL/min/1.73m2 with tolvaptan versus -4.01 mL/min/1.73m2 with placebo; difference 

1.30 mL/min/1.73m2, 95% CI 0.85-1.76 mL/min/1.73m2, p<0.001) was similar to that of 

the weighted analysis. 
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Table S1. Reasons for exclusion from the modified ITT primary analysis population. 
 
 
Reason for Exclusion 

Tolvaptan* 
N=15 

Placebo* 
N=24 

No Study Drug Taken 2 2 
No Baseline Observation 0 3 
No Post-treatment FU 15 21 
50% Greater than Screening 1 0 
*More than one reason possible in some patients 
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Table S2. Baseline Demographic and Clinical Characteristics of Patients Who 
Withdrew from the Trial 

 

 Withdrew 
during 
Tolvaptan 
Run-In 

 
Non-completers 

 
Off-treatment 
Completers 

 
Characteristic 

Tolvaptan 

(N=126) 

Tolvaptan 

(N=29) 

Placebo 

(N=28) 

Tolvaptan 

(N=76) 

Placebo 

(N=22) 

Age, year (SD) 47.4 (8.5) 45.5 (10.3) 46.7 (10.5) 46.9 (8.0) 45.0 (8.6) 

Male gender, n (%) 55 (43.7) 15 (51.7) 12 (42.9) 45 (59.2) 12 (54.5) 

Height, cm (SD) 175 (10) 173 (11) 174 (9) 172 (10) 173 (10) 

Weight, kg (SD) 86.2 (18.5) 86.8 (25.3) 86.0 (16.3) 81.7 (17.2) 78.8 (21.6) 

BMI, kg/m2 (SD) 28.1 (5.1) 28.7 (6.4) 28.2 (4.7) 27.5 (5.4) 26.4 (7.4) 

Race, n (%)      

Caucasian 112 (88.9) 23 (79.3) 27 (96.4) 72 (94.7) 19 (86.4) 

Asian 3 (2.4) 2 (6.9) 1 (3.6) 1 (1.3) 2 (9.1) 

Black 9 (7.1) 4 (13.8) 0 (0) 3 (3.9) 1 (4.5) 

Other 1 (0.8) 0 (0) 0 (0) 0 (0) 0 (0) 

eGFR (CKD-EPI) - 38.7 (11.0) 39.2 (12.6) 41.8 (11.1) 39.2 (13.2) 

Note: Measurements of serum creatinine by enzymatic assay were not available for patients who were 
not randomized to the trial. 

Baseline demographic and clinical characteristics of the patients who withdrew during 

the tolvaptan titration and run-in period (n=126), did not complete the 12 month baseline 

visit (n=57) or completed the 12 month visit off treatment (n=98) were not different from 

those who completed the 12 month visit on treatment. 
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Table S3. Sensitivity Analyses of Primary and Secondary Endpoints 
 

Annualized LS mean 
change in eGFR (SE) 
mL/min/1.73 m2 per year 

 
 
Treatment 
Difference 

  

Endpoint Tolvaptan Placebo 95% CI P-value 
Primary S1 -2.33 (0.24) -3.61 (0.24) 1.28 0.86-1.70 <0.001 
Primary S2 -3.05 (0.16) -4.19 (0.14) 1.14 0.73-1.56 <0.001 

Primary S3 -2.32 (0,24) -3.64 (0.24) 1.32 0.91-1.74 <0.001 
 Slope of eGFR (SE) 

mL/min/1.73 m2 per year 
 
Treatment 
Difference 

  

 Tolvaptan Placebo 95% CI P-value 
Secondary S1 -3.19 (0.14) -4.16 (0.14) 0.98 0.59-1.37 <0.001 

 
To minimize the impact of outliers in the prespecified primary analysis the annualized 

eGFR change for patients who discontinued the trial early assumed the maximum (or 

minimum) value of on-treatment completers if their annualized change in eGFR was 

outside these bounds. In the first sensitivity analysis (Primary S1), annualized eGFR 

changes were not adjusted for outliers in patients who discontinued early. To evaluate 

effects of tolvaptan on the primary endpoint without the acute hemodynamic effects of 

eGFR, a sensitivity analysis (Primary S2) was performed which included the 3 pre- 

treatment baseline observations, 3 post-treatment follow-up observations and all post- 

randomization on-treatment eGFR observations in the protocol-specified visits for 

placebo patients. Patients who discontinued treatment after randomization without 

withdrawing consent were also followed for additional off-treatment eGFR values up to 

Month 12. In a sensitivity analysis of primary (Primary S3) and secondary (Secondary 

S1) endpoints, the post-treatment follow-up eGFR data at Month 12 replaced the post- 

treatment follow-up eGFR values used in prespecified analyses. 
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Table S4. MMRM Analysis of eGFR (CKD-EPI) Change Slope from Baseline in 
Randomized Treatment Period (mL/min1.73m2 per year) 
Visit Tmt 

Group 
N LS Mean 

Change from 
Baseline ± SE 

Tmt 
Effect 

95% CI P-value 

Baseline Tol 680     
Plc 682  

Month 1 Tol 669 -1.97 ± 0.21 -1.43 -1.84, -1.02 < 0.001 
Plc 666 -0.54 ± 0.21 

Month 12 Tol 565 -4.84 ± 0.24 -0.62 -1.13, -0.11 0.017 
Plc 620 -4.22 ± 0.24 

Follow-Up Tol 668 -3.02 ± 0.21 1.63 1.15, 2.12 <0.001 
Plc 663 -4.66 ± 0.22 

On-treatment 
slope (M1-M12) 

Tol 668 -3.24 ± 0.17 0.84 0.37, 1.31 <0.001 
Plc 663 -4.08 ± 0.17 



15  

Table S5. Frequency of Potentially Clinically Significant Laboratory Values 
  5 wk Single- 

blind Period 
1year Double-blind 
Period 

 
Test (unit), n (%) 

 
Abnormality* 

Tolvaptan 
(N=1491) 

Tolvaptan 
(N=681) 

Placebo 
(N=685) 

ALT (U/L) Increased 1 (0.1) 38 (5.6) 8 (1.2) 

AST (U/L) Increased 1 (0.1) 24 (3.5) 6 (0.9) 

Bilirubin (umol/L) Increased 0 (0) 0 (0) 0 (0) 

Blood urea nitrogen (mg/dL) Increased 29 (2) 163 (24) 218 (32) 

Creatinine, enzymatic (mg/dL) Increased 1257 (92) 46 (7) 129 (19) 

Glucose (mg/dL) 
Decreased 

Increased 

0 (0) 

0 (0) 

4 (0.6) 

22 (3.3) 

5 (0.7) 

18 (2.7) 

Potassium (mEq/L) 
Decreased 

Increased 

0 (0) 

1 (0.1) 

2 (0.3) 

16 (2.4) 

1 (0.1) 

7 (1.0) 

Sodium (mEq/L) 
Decreased 

Increased 

2 (0.1) 

1 (0.1) 

8 (1.2) 

4 (0.6) 

18 (2.6) 

0 (0) 

* Criteria for identifying laboratory values of potential clinical significance include: 
ALT>3xULN; AST >3xULN; Bilirubin >2xULN; BUN>22; Creatinine>1.33 pre- 
randomization  value;  Glucose,  decrease  ≤65,  increase  ≥115;  potassium,  decrease 
<LLN,     increase>ULN;     sodium,     decrease     ≤135,     increase      ≥146 
ULN=upper limit of normal; LLN=lower limit of normal 
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Figure S2: Forest plot of the tolvaptan treatment effect on the secondary efficacy 

endpoint (annualized slopes in eGFR) in the intention-to-treat population overall and by 

baseline subgroups Horizontal bars indicate 95% confidence intervals. The annualized 

LS  mean  slope  ±  SE  was  -3.16  ±  0.30  versus  -4.17  ± 0.22  mL/min/1.73m2  in the 

tolvaptan and placebo arms, respectively (p<0.001). The analysis of this endpoint used 

a linear mixed effect model with effects of time (as a continuous variable), treatment, 

time treatment interaction, acute hemodynamic effect, randomization stratification 

factors, and a covariate of pre-treatment baseline (of the primary endpoint) to fit the 

eGFR data. In the model, the intercept and time were both a fixed effect and a random 

effect, and an unstructured variance covariance matrix was assumed for the random 

intercept and time. The variable of acute hemodynamic effect in the model was a 

variable to indicate whether an eGFR observation was while on tolvaptan or not. All the 

eGFR data observed during tolvaptan run-in period and the eGFR data of the tolvaptan 

treatment group during the double-blind on-treatment period were assigned with a value 

1 and the other eGFR observations were assigned with a value 0 in this variable of 

acute hemodynamic effect. As tolvaptan on-treatment data were used at the start and 

off-treatment data were used at the end of this slope analysis, this statistical model 

adjusts the tolvaptan on-treatment data relative to the observed acute hemodynamic 

effect during the tolvaptan run-in period and aligns the tolvaptan on-treatment data 

during the double-blind treatment period to the off-treatment follow-up data in a linear 

mixed effect model. 
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Figure S2 
 
 
 
 

TOL 

 
 
PLC 

mean eGFR 
slope 

 
 
 
 
 
 
 
 
 
 

Baseline eGFR ≤ 45 440 435 -3.45 -4.34 0.90 
 > 45  240 247    -2.68  -3.90 1.22 

 
CKD Stage 

 
CKD 2 

  
32 

 
39 

    
-2.49 

  
-3.91 

 
1.42 

 CKD 3a  209 201    -2.70  -4.04 1.34 
 CKD 3b  301 314    -3.28  -3.96 0.68 
 CKD 4  138 128    -3.78  -5.02 1.24 

Region US 
 

293 290 
   

-3.06 
 

-3.96 0.90 
 Non-US  387 392    -3.23  -4.33 1.10 

All patients   680 682    -3.16  -4.17 1.01 

 -6 -4  -2 0 2 4  6   

    Favors placebo  Favors tolvaptan      

Category N N T P Difference 

 
Age (y) ≤ 55 

 
582 

 
584 

 
-3.28 

 
-4.44 

 
1.15 

> 55 98 98 -2.43 -2.56 0.13 

Gender Female 334 352 -3.16 -3.95 0.80 
Male 346 330 -3.16 -4.40 1.24 

 
Race Caucasian 

 
624 

 
628 

 
-3.15 

 
-4.23 

 
1.08 

Non-Caucasian 56 54 -3.27 -3.51 0.24 
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Figure S3: MMRM analysis of change from baseline in eGFR slope during the 

randomized treatment period in the intention-to-treat population. The slope of eGFR 

decline as measured by LS means was slower in tolvaptan treated patients compared to 

placebo treated patient (-3.24 ± 0.17 versus -4.08 ± 0.17 mL/min/1.73m2/yr) 

corresponding to a treatment difference of 0.84 mL/min/1.73m2/yr (p < 0.001). Baseline 

represents the mean of 3 baseline serum creatinine values from the screening and 

placebo run-in periods, prior to initiating tolvaptan treatment. M denotes the month on 

treatment. 
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Figure S4: Time from peak ALT to <2 x ULN are shown for tolvaptan (blue) and 

placebo (red). All patients returned to <2 x ULN, 90% in < 3months. 
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Figure S5. Evaluation of drug-induced hepatotoxicity (e-DISH) plot. Vertical lines 

correspond to 3 x ULN for ALT. Horizontal lines correspond to 2 x ULN for BT. No 

patients met Hy’s criteria in the upper-right quadrant. The boxes in the box plots 

represent the 25th and 75th percentiles, the whiskers represent the 10th and 90th 

percentiles and the dots represent the 5th and 95th percentiles for the peak ALT and BT 

elevations per patient. 
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