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A Bayesian Reanalysis of the Standard versus Accelerated Initiation of Renal-Replacement Therapy in Acute Kidney Injury (STARRT-AKI) Trial


Analysis overview for Primary Endpoint
All analyses were run under R 4.2.0 using {brms} with {cmdstanr} as backend. Contrasts and sampling for models were made using {emmeans}. We used {dplyr} for data-wrangling and {ggplot2} for plotting.
The primary endpoint was assessed using a hierarchical Bayesian model that followed the following syntax using brms:
brm(death ~ sepsis + surgical + ckd_admission + intervention + (1|site), data = db, family = "bernoulli", iter = 4000, chains = 4, cores = 4, seed = 123, prior = prior, backend = "cmdstanr").
That is, 4 chains with 4,000 iterations were run for the primary endpoint analysis. All priors were assumed to follow a normal distribution. The priors used were: 1. Theoretical priors: These were based on reference [7]. These priors included a neutral moderately skeptical prior, an optimistic moderately skeptical prior, and a pessimistic moderately skeptical prior. The neutral prior followed , which is centered at zero (absence of effect). The optimistic and pessimistic priors were mirrored around the effect size that the STARRT-AKI trial was designed to detect: A 6% absolute risk reduction in 90-day mortality from 40 to 34%, representing OR = 0.77 [log[OR]=-0.257]). Standard deviation for each prior was set so that the optimistic prior still had a probability mass of benefit close to 0.15, and the pessimistic prior had a probability mass pointing towards benefit of 0.15. This resulted in:
a.  for the optimistic prior.
b.  for the pessimistic priors
Data derived priors were obtained from their respective studies. In brief, we collected the absolute number of events in intervention and control group in the STARRT-AKI pilot trial, the AKIKI trial, the ELAIN trial and the IPDMA. We ran a Bayesian logistic regression on toy data based on each trial numbers with flat priors and used the resulting parameters of the effect size of the intervention as priors for the main analyses. The final priors were:
c. STARRT-AKI Pilot: 
d. AKIKI prior: 
e. ELAIN: 
f. Metanalysis: 
Priors for other predictors were set as  Results were obtaining using the emmeans package. Pipes from magrittr were used through the code. The following syntax was used to obtain marginal absolute differences:
model %>% emmeans(~ intervention, epred = TRUE, re_formula = NULL) %>% contrast(method = "revpairwise")
Marginal odds ratio was computed by obtaining predicted probabilities for each level of intervention (accelerated or control):
m1 %>% emmeans(~ intervention, epred = TRUE, re_formula = NULL) %>% gather_emmeans_draws() %>% select(-.chain,-.iteration) %>% pivot_wider(names_from = "intervention",values_from = ".value",id_cols = .draw)
From the probabilities, odds ratio were obtaining using the standard formula . This resulted in a posterior marginal odds ratio distribution, which was summarized using median and standard deviation.
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Days alive and free of KRT was modeled following a zero-one inflated beta regression model. We initially defined the percentage number of days free of KRT the patient had up to 90-days. The model syntax was:
brm(bf(I(days_free_of_krt/90) ~ sepsis + surgical+ ckd_admission + intervention + (1|site), phi ~ sepsis + surgical+ ckd_admission + intervention + (1|site), zoi ~ sepsis + surgical+ ckd_admission + intervention + (1|site), coi ~ sepsis + surgical+ ckd_admission + intervention + (1|site)),...)
Where first component estimated mean, phi estimated variance, zoi estimates the zero-one inflation and coi the conditional one inflation. All were adjusted for main covariates. Results represented the percentage of free-days until 90-days, which were back converted to days by multiplying by 90.
Days alive and free of hospitalization was modeled using zero inflated beta regression model, since we expected no true 1 values (no patient would have 90 days alive and free of hospital since they were randomized in the ICU). Model syntax was to previous model, but zoi and coi were replaced by zi, which is the zero inflation:
brm(bf(I(days_alive_outside_hospital/90) ~ sepsis + surgical+ ckd_admission + intervention + (1|site), phi ~sepsis + surgical+ ckd_admission + intervention + (1|site), zi ~ sepsis + surgical+ ckd_admission + intervention + (1|site)), family = zero_inflated_beta(), ...)
Both models were run with 4 chains and 4,000 iterations with cmdstanr as back-end. We used only neutral priors for the intervention in this analysis, defined as:
nprior <- c(prior(normal(0,0.355), class = b, coef = interventionAccelerated), prior(normal(0,1), class = b))
This model syntax means that for the neutral prior was used for binary component of the models; the remaining priors were uninformative.
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eTable 1 – Full model report according to theoretical priors.
	Parameter
	Median
	CrI low
	CrI high
	PD
	% ROPE
	Prior

	Intercept
	0.70
	0.57
	0.85
	1.00
	0.01
	Neutral

	Sepsis (Yes)
	1.27
	1.08
	1.49
	1.00
	0.23
	Neutral

	Surgical (Yes)
	0.66
	0.55
	0.78
	1.00
	0.00
	Neutral

	CKD (Yes)
	1.11
	0.95
	1.30
	0.89
	0.86
	Neutral

	Accelerated RRT (Yes)
	1.00
	0.87
	1.17
	0.53
	1.00
	Neutral

	Intercept
	0.70
	0.58
	0.86
	1.00
	0.02
	Optimistic

	Sepsis (Yes)
	1.27
	1.08
	1.48
	1.00
	0.23
	Optimistic

	Surgical (Yes)
	0.66
	0.55
	0.78
	1.00
	0.00
	Optimistic

	CKD (Yes)
	1.11
	0.96
	1.29
	0.91
	0.86
	Optimistic

	Accelerated RRT (Yes)
	0.98
	0.84
	1.14
	0.59
	1.00
	Optimistic

	Intercept
	0.69
	0.57
	0.84
	1.00
	0.01
	Pessimistic

	Sepsis (Yes)
	1.27
	1.07
	1.49
	1.00
	0.25
	Pessimistic

	Surgical (Yes)
	0.66
	0.55
	0.78
	1.00
	0.00
	Pessimistic

	CKD (Yes)
	1.10
	0.94
	1.30
	0.90
	0.87
	Pessimistic

	Accelerated RRT (Yes)
	1.03
	0.89
	1.18
	0.64
	1.00
	Pessimistic
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eFigure 1 - Distribution of Days alive and KRT-free according to allocated strategy.
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[bookmark: X74d0089da624e0e6e9386e925c35f09fdea6f6f]eFigure 2 – Distribution of days alive and free of hospitalization according to allocated strategy.
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Defining margins for equivalence, MCID and large effects can always be subject to criticisms. Kruschke [1,2] proposed that a standardized mean difference of 0.1 could be considered as a guidance for equivalence in lack of better information. We converted this difference to log(OR) scale which resulted in a margin of equivalence for log odds of |0.18|. Region of practical equivalence (ROPE) was defined as the probability mass of the posterior that fell inside the margins of -0.18 to +0.18, in log(OR) scale.
Defining MCID required additional information and obtaining expert consensus or at least information from individuals involved in clinical trials is advisable. To obtain estimates for MCID, two questions were e-mailed to the international Steering Committee members by STARRT-AKI trial co-chair (Sean Bagshaw). Members were asked to rank their three top choices. Of the 23 steering committee members, 21 returned their answers. We defined a priori that the MCID would be defined using the following decisions rules: 1) If the most frequent option elected as first option was also the most frequently option that received any vote, that option would represent MCID by consensus. 2) If the most frequently voted first choice was not the option that received more overall votes, we would define that no clear consensus occurred and would display both options.
The questions were:
1. Primary endpoint (90-day all-cause mortality) - as you know, we assumed the baseline mortality would be 40% for our sample size estimation, so from this reference, what do you believe would be the minimal clinically important difference (MCID) in mortality between the accelerated and standard strategies in the trial? Please provide your top 3 choices (e.g., in terms of preference, my first choice for MCID in 90-day mortality would be XX%, my second XX% and my third XX%)
1. 1% absolute
1. 2% absolute
1. 4% absolute
1. 6% absolute
1. 8% absolute

1. Secondary endpoint (alive and dialysis-free through 90-days) - for this secondary endpoint, what do you believe would be the MCID in the number of days alive and dialysis-free at 90-days would be between the accelerated and standard strategies in the trial? Again, please provide your top 3 choices (e.g., in terms of preference, my first choice for MCID in days alive and dialysis-free would be XX days, my second XX days and my third XX days)
1. 1 day
1. 2 days
1. 3 days
1. 4 days
1. At least 5 days


Distributions of votes for the first question (mortality) are shown below according to all votes and stratified according to preference order: 
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4% was the most common first choice and the option that received more votes in total and was therefore chosen as MCID for the primary endpoint analysis. Assuming a baseline event rate of 40%, this corresponded to an OR equal or below to 0.84. It is important to highlight that an OR of 0.84 translates to an log(OR) of -0.175, which is very similar to the 0.18 margin used as a guide, as suggested by Kruschke. For the “large” effect size for the primary endpoint, we considered that any effect size, in log scale, of 1.5 the effect size defined as equivalent would be considered as “large”. This definition is arbitrary, but it should be highlighted that we present several other posterior summaries in the results to facilitate interpretation.


Distributions of votes for the second question (free-days) are shown below according to all votes and stratified according to preference order: 
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A difference of 3 days was considered as minimal clinically significant, using similar criteria as for mortality (more frequent first option and more frequently any option).
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	Paul Young; Anna Hunt; Harriet Judd; Cassie Lawrence; Shaanti Olatunji; Yvonne Robertson; Charlotte Latimer-Bell; Deborah Hendry; Agnes Mckay-Vucago; Nina Beehre; Eden
Lesona; Leanlove Navarra; Chelsea Robinson

	Whangarei Hospital
	Ryan Jang; Andrea Junge; Bridget Lambert

	SWITZERLAND
	

	Centre Hospitalier Universitaire Vaudois
	Antoine G. Schneider; Michel Thibault; Philippe Eckert; Sébastien Kissling; Erietta Polychronopoulos; Elettra Poli; Marco Altarelli; Madeleine Schnorf; Samia Abed Mallaird

	Hôpitaux Universitaires de Genève
	Claudia Heidegger; Aurelie Perret; Philippe Montillier; Frederic Sangla; Seigenthaller Neils; Aude De Watteville

	UNITED KINGDOM
	

	Barking, Havering and
Redbridge University Hospitals NHS Trust
	Mandeep-Kaur Phull; Aparna George; Nauman Hussain; Tatiana Pogreban

	Barnsley Hospital NHS Foundation Trust
	Steve Lobaz; Alison Daniels; Mishell Cunningham; Deborah Kerr; Alice Nicholson

	Buckinghamshire Healthcare NHS Trust
	Pradeep Shanmugasundaram; Judith Abrams; Katarina Manso; Geraldine Hambrook; Elizabeth McKerrow; Juvy Salva; Stephen Foulkes

	Cardiff and Vale University Health Board
	Matthew Wise; Matt Morgan; Jenny Brooks; Jade Cole; Tracy Michelle Davies; Helen Hill; Emma Thomas

	Chelsea and Westminster Hospital NHS Foundation Trust
	Marcela Vizcaychipi; Behrad Baharlo; Jaime Carungcong; Patricia Costa; Laura Martins

	East Kent NHS Trust
	Ritoo Kapoor; Tracy Hazelton; Angela Moon; Janine
Musselwhite

	Golden Jubilee National Hospital, NHS Scotland
	Ben Shelley; Philip McCall

	Guy's and St. Thomas’ NHS Foundation Trust
	Marlies Ostermann; Gill Arbane; Aneta Bociek; Martina Marotti; Rosario Lim; Sara Campos; Neus Grau Novellas; Armando Cennamo; Andrew Slack; Duncan Wyncoll; Luigi Camporota; Simon Sparkes; Rosalinde Tilley

	University Hairmyres Hospital, NHS Lanarkshire
	Austin Rattray; Gayle Moreland; Jane Duffy; Elizabeth McGonigal

	King's College Hospital NHS Foundation Trust
	Philip Hopkins; Clare Finney; John Smith; Harriet Noble; Hayley Watson; Claire-Louise Harris; Emma Clarey; Eleanor Corcoran

	Leeds Teaching Hospital NHS Foundation Trust
	James Beck; Clare Howcroft; Nora Youngs; Elizabeth Wilby; Bethan Ogg

	Lincoln County Hospital – United Lincolnshire Hospitals NHS Foundation Trust
	Adam Wolverson; Sandra Lee; Susie Butler; Maryanne Okubanjo; Julia Hindle

	Liverpool University Hospitals NHS Foundation Trust
	Ingeborg Welters; Karen Williams; Emily Johnson; Julie Patrick-Heselton; David Shaw; Victoria Waugh

	Milton Keynes University Hospital NHS Foundation Trust
	Richard Stewart; Esther Mwaura; Lynn Wren; Louise Mew; Sara-Beth Sutherland; Jane Adderley

	University Hospital Monklands, NHS Lanarkshire
	Jim Ruddy; Margaret Harkins

	NHS Grampian
	Callum Kaye; Teresa Scott; Wendy Mitchell; Felicity Anderson;
Fiona Willox

	North Tees and Hartlepool Foundation NHS Trust
	Vijay Jagannathan; Michele Clark; Sarah Purv

	Nottingham University Hospital - Queen's Medical Centre
	Andrew Sharman; Megan Meredith; Lucy Ryan; Louise Conner; Cecilia Peters; Dan Harvey

	Queen Elizabeth Hospital - Lewisham and Greenwich NHS Trust
	Ashraf Roshdy; Amy Collins

	Queen Elizabeth University Hospital
	Malcolm Sim; Steven Henderson

	Royal Bournemouth & Christchurch Hospitals NHS Trust
	Nigel Chee; Sally Pitts; Katie Bowman; Maria Dilawershah; Luke Vamplew; Elizabeth Howe

	Royal Brompton and Harefield NHS Foundation Trust
	Paula Rogers; Clara Hernandez; Clara Prendergast; Jane Benton; Alex Rosenberg

	Royal Surrey County Hospital
NHS Foundation Trust
	Lui G. Forni; Alice Grant; Paula Carvelli

	Sheffield Teaching Hospitals NHS Foundation Trust
	Ajay Raithatha; Sarah Bird; Max Richardson; Matthew Needham; Claire Hirst

	St. George’s University Hospitals NHS Foundation Trust
	Jonathan Ball; Susannah Leaver; Luisa Howlett; Carlos Castro Delgado; Sarah Farnell-Ward; Helen Farrah; Geraldine Gray;
Gipsy Joseph; Francesca Robinson

	St. Helen's and Knowsley Teaching Hospitals NHS Trust
	Ascanio Tridente; Clare Harrop; Karen Shuker

	University Hospital Ayr, NHS Ayrshire & Arran
	Derek McLaughlan; Judith Ramsey; Sharon Meehan

	University Hospital Lewisham, Lewisham and Greenwich NHS Trust
	Bernd Oliver Rose; Rosie Reece-Anthony; Babita Gurung

	University Hospitals Birmingham NHS Foundation Trust
	Tony Whitehouse; Catherine Snelson; Tonny Veenith; Andy Johnston; Lauren Cooper; Ron Carrera; Karen Ellis; Emma Fellows; Samanth Harkett; Colin Bergin; Elaine Spruce; Liesl Despy; Stephanie Goundry; Natalie Dooley; Tracy Mason; Amy Clark

	University Hospitals Coventry and Warwickshire NHS Trust
	Gemma Dignam; Geraldine Ward

	Warwick Hospital, South Warwickshire NHS Trust
	Ben Attwood; Penny Parsons; Sophie Mason

	St. Richard's Hospital, Western
Sussex Hospitals NHS Foundation Trust
	Michael Margarson; Jenny Lord; Philip McGlone

	Worthing Hospital, Western Sussex Hospitals NHS Foundation Trust
	Luke E. Hodgson; Indra Chadbourn; Raquel Gomez; Jordi Margalef

	York Teaching Hospital NHS Foundation Trust
	Rinus Pretorius; Alexandra Hamshere; Joseph Carter; Hazel Cahill; Lia Grainger; Kate Howard; Greg Forshaw; Zoe Guy

	UNITED STATES
	

	Mayo Clinic, Rochester
	Kianoush B. Kashani; Robert C. Albright Jr.; Amy Amsbaugh; Anita Stoltenberg; Alexander S. Niven

	Rhode Island Hospital
	Matthew Lynch; AnnMarie O'Mara; Syed Naeem; Sairah Sharif; Joyce McKenney Goulart

	The Miriam Hospital
	Matthew Lynch; AnnMarie O'Mara; Syed Naeem; Sairah Sharif; Joyce McKenney Goulart

	University of Alabama at Birmingham
	Ashita Tolwani; Claretha Lyas; Laura Latta

	University of Florida
	Azra Bihorac; Haleh Hashemighouchani; Philip Efron; Matthew Ruppert; Julie Cupka; Sean Kiley; Joshua Carson; Peggy White; George Omalay; Sherry Brown; Laura Velez; Alina
Marceron

	University of Kentucky
	Javier A. Neyra; Juan Carlos Aycinena; Madona Elias; Victor
M. Ortiz-Soriano; Caroline Hauschild; Robert Dorfman
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