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SYNOPSIS 
 
Clinical trials in kidney transplantation suffer from several major issues including: 

 1) Unfeasibility due to low short-term event rates of hard outcomes and 2) Reliance on a 

composite outcome that consists of unequal endpoints that may generate misleading 

results. This thesis attempts to explore and apply methods to solve these issues and 

ultimately, improve kidney transplantation trials.  

 

We present a secondary analysis of the ACE trial in kidney transplant using composites 

with alternative graft function surrogate endpoints. Typically, kidney transplant trials—

including the ACE trial— use a time-to-event composite of death, end-stage renal disease 

(ESRD), and doubling of serum creatinine. Instead of doubling of serum creatinine, we 

investigated the use of percentage declines of estimate glomerular filtration rate (eGFR) 

within a time-to-event composite of death and ESRD. Additionally, we present an 

application of an innovative analysis method, the win ratio approach, to the ACE trial as a 

way of lessening concerns associated with unequal composite endpoints.  

 
Composites of death, ESRD, and either a t40%,  t30% or t20% decline in eGFR did not 

alter original ACE trial results, interpretations, or conclusions. The win ratio approach, and 

the presentation of a win ratio, generated very comparable results to a standard time-to-

event analysis while lessening the impact of unequal composite endpoints and making 

fewer statistical assumptions. This research provides a novel, trial-level application of 

alternative endpoints and analysis techniques within a kidney transplant trial setting.  
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CHAPTER 1: INTRODUCTION AND OVERVIEW 
 
Problems 

Trial Feasibility & Endpoints 

Randomized controlled trials (RCTs) designed to assess the efficacy of interventions on 

hard outcomes in the kidney transplantation population are often unfeasible (1). During 

the first 1-3 years post-transplantation there is a lack of hard events, such as death and end-

stage renal disease (ESRD) (1–5). However, long-term results in kidney transplantation 

remain suboptimal with death and graft failure often occurring late (6). Since most 

interventions in kidney transplantation are administered during the first several post-

transplant years, the majority of RCTs are conducted during this phase as well (1–5). Due to 

the low short-term event rate, a trial using hard outcomes of death and/or ESRD would 

require a substantial sample size and extensive follow-up (1–5) —both immense challenges 

to trial feasibility. This difficulty in conducting kidney transplant trials represents a 

significant barrier to defining, changing, and improving clinical kidney transplant practice.  

 

When kidney transplant trials are conducted, they usually rely on a composite of death, 

ESRD, and graft function decline (e.g. doubling of serum creatinine) (1–5). Endpoints of 

graft function decline act as a surrogate endpoint for harder outcomes and they are used to 

increase the short-term event rate and improve trial feasibility (1–5). Historically, a 

doubling of serum creatinine is used as a surrogate for decline in graft function but 
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recently, percentage declines in estimated glomerular filtration rate (eGFR) have been 

validated in both the chronic kidney disease (CKD)(2) and the kidney transplant 

population (1). There has been a significant push to adopt alternative surrogate endpoints 

in kidney transplant trials in order to increase trial feasibility by increasing the number of 

outcome events. Yet, information regarding the trial-level impact of these endpoints is 

lacking.  

 

Trial Interpretation 

As mentioned, kidney transplant trials often rely on a composite of death, ESRD, and a 

measure of graft function decline (e.g. doubling of serum creatinine). This time to first 

occurrence (time-to-event) composite aims to increase the trial event rate and ideally the 

trial’s statistical power. However, this composite also contains endpoints that are unequal 

in terms of clinical significance; death is a much more clinically impactful event than a 

decline in kidney function. Composites that possess endpoints of varying clinical 

significance, particularly composites that are predominantly powered by the endpoint of 

least clinical significance, can lead to potentially misleading and faulty trial interpretations 

(7–9). There is a need to improve the way kidney transplant trials are analyzed, and 

presented, or else we risk misinforming clinical practice.  
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Purpose and Rationale 

The purpose of this thesis project is to investigate the application of alternative endpoints 

and analysis techniques in kidney transplant trials with the overarching theme of 

improving kidney transplant trials.   

 

There is a need for practical, trial-level research on the usefulness and impact of using 

alternative endpoints, specifically percentage declines in eGFR. To the best of our 

knowledge there has not been a trial-level application and assessment of these endpoints 

within kidney transplantation. Further, since these trials use a composite of unequal 

endpoints, there is a need to improve the way kidney transplant trials are analyzed and 

presented. There is a demand for not only more, but better, trials in the field of kidney 

transplantation. An assessment of methods to improve the feasibility and interpretability of 

such trials is warranted.  
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Objectives 

There are two objectives of this thesis, each examined in the first and second manuscripts 

respectively (Chapters 3 & 4).  

 

1) Determine the impact of using alternative surrogate endpoints, specifically eGFR 

percentage declines of t40%, t30%, and t20%, and investigate whether they alter 

the results, interpretations, or conclusions of the ACE trial (Chapter 3). 

 

2) Determine the impact of using an alternative analysis technique, the win ratio 

approach, and investigate whether this approach alters the results, interpretations, 

or conclusions of the ACE trial (Chapter 4).  

 

Overview of Submitted Thesis & Manuscripts 

This thesis aims to provide highly practical, trial-level information concerning the impact 

of using alternative surrogate endpoints and analysis techniques in a kidney transplant 

trial. These aims were met in the following research stages:  

 

In the first stage, a solid foundation of current evidence was constructed. “Chapter 2: 

Background” situates the reader by clarifying the current environment of clinical trials in 

kidney transplantation, graft function decline surrogate endpoints, the win ratio approach 

for unequal composite endpoints and lastly, the ACE trial.  



  Fergusson, NA 

 
 
   

5 

 

The second stage, “Chapter 3: Alternative Endpoints”, introduces and presents a secondary 

analysis of the ACE trial using alternative graft function endpoints. A brief section 

introduces and summarizes the manuscript, “The impact of using alternative graft function 

endpoints in kidney transplantation trials: A secondary analysis of the ACE trial”. Supporting 

appendices are provided. 

 

The third stage, “Chapter 4: Alternative Analysis Techniques”, introduces and presents an 

application of the win ratio approach to the primary outcome of the ACE trial. A brief 

section introduces and summarizes the manuscript submitted for publication, “The win 

ratio approach for unequal composite endpoints: An application to the ACE trial in kidney 

transplantation”. Supporting appendices are provided. This manuscript was submitted to 

The Journal of Clinical Epidemiology.  

 

The final stage, “Chapter 5: Discussion”, summarizes the key findings of the thesis and 

reviews the implications and impact of these findings. In addition, strengths, limitations, 

dissemination, and future directions of this thesis project are discussed.  
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CHAPTER 2: BACKGROUND 

 

Clinical Trials in Kidney Transplantation 

Due to feasibility concerns, conducting trials within the kidney disease, and more 

specifically the kidney transplant population, is difficult. Consequently, nephrology trials 

only represent 2.6% of all interventional studies registered to ClinicalTrials.gov between 

2007-2010, with only a fraction of those being kidney transplant trials (10). The lack of trials 

in kidney transplantation, presents a barrier in informing, improving, and defining clinical 

practice for kidney transplant recipients.   

 

Composite Outcomes 

 
One of the major reasons why kidney transplant trials are often unfeasible involves the 

scarcity of short-term hard outcomes (1–5). Hard outcomes, such as death and ESRD, are 

predominantly late events that occur after the first 1-3 years post-transplant (1–5). 

Unfortunately, the majority of interventions are given within these first several post-

transplant years and consequently the majority of trials only assess this short-term period 

(1). In order to increase the number of events occurring, trials commonly use a time-to-

event composite of death, end-stage renal disease (ESRD), and graft function decline.  

Death and ESRD serve as the hard outcomes, while graft function decline acts as a 

surrogate for these hard outcomes. Ideally, a time-to-event composite should be balanced 
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with respect to endpoint occurrence and endpoint clinical significance (7,8,11). In other 

words, events should be spread out between all component endpoints of the composite and 

each event should hold a similar clinical significance. For the composite of death, ESRD, 

and kidney function decline, there are concerns with both endpoint occurrence and 

endpoint clinical significance (4); concerns that are explored and addressed in this thesis 

project.   

 

Graft Function Decline Surrogate Endpoints 

 
Historically in kidney transplant trials, a doubling of serum creatinine is used as the graft 

function decline endpoint in a composite that also includes death and ESRD (1,2,4). Serum 

creatinine is a frequently used indirect estimate of kidney function (12–14). As a metabolic 

by-product, creatinine is produced by the body at an approximately constant rate and is 

excreted almost entirely by the kidneys (12–14). Thus, the concentration of serum 

creatinine can provide an indirect measure of kidney function with an increase of serum 

creatinine concentration (i.e. not being excreted) indicating a decline in kidney function. 

Serum creatinine can be integrated into a formula that incorporates, and adjusts for age, 

sex, and race to provide another measure of kidney function decline known as estimated 

glomerular filtration rate (eGFR) (12–16). Estimated glomerular filtration rate (eGFR) refers 

to the estimated flow rate through the glomerular capillaries of the kidneys and a decrease 

in eGFR indicates a decline in kidney function (14). A doubling of serum creatinine 

corresponds to roughly a 57% or greater decline in eGFR (3,4). A doubling of serum 
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creatinine is strongly and consistently predictive of future events of ESRD and death and 

therefore, it is regarded as a good surrogate endpoint for such hard outcomes (1–4). 

Recently, lesser kidney function decline endpoints such as  t40% and t30% declines in 

eGFR have been explored and validated as surrogate endpoints in the chronic kidney 

disease (CKD) population (2). The impact of these endpoints were then assessed within two 

large CKD trials where they were associated with not only an increase in event rate but also 

a reduction in treatment effect� potentially negating any improvement in trial statistical 

power (17). Recently, the use of lesser eGFR percentage declines as surrogate endpoints has 

been validated in the kidney transplant population using the Australian and New Zealand 

Dialysis and Transplant Registry (1). The investigators recommended eGFR declines of 

t40% and/or t30% be utilized as surrogate endpoints in kidney transplant trial composites 

as they were strongly associated with graft failure and death while occurring more 

frequently than doubling of serum creatinine events (1). However, the impact of these 

lesser eGFR decline surrogate endpoints on kidney transplant trial results, interpretations, 

and conclusions has not been investigated.  
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Unequal Endpoints & the Win Ratio Approach 

 
Irrespective of which graft function decline endpoint is utilized, an underlying issue with 

these composites is that the components are not equal with respect to clinical significance. 

In a time-to-event composite of death, ESRD, and kidney function decline, only the first 

occurrence of any event (whether death or ESRD or kidney function decline) is used in the 

analysis. If the composite is driven predominantly by endpoints of lower clinical 

significance, results can be misleading (7–9,11). For example, let’s say we have patient A, 

who experiences a kidney function decline event (ie. doubling of serum creatinine) at 3 

months’ follow-up but otherwise goes event free for the remainder of the trial (48 months) 

and patient B, who experiences ESRD at 12 months follow-up and then dies a few months 

later. In a time-to-event analysis, patient B fares better as she went event-free for 12 

months, whereas patient A (who is still alive at trial end) experienced an event at 3 months. 

If the endpoint of lesser clinical significance begins to alter or mask treatment effects on 

more clinically significant endpoints within the composite it may provide misleading and 

sometimes faulty conclusions.  

 

The win ratio approach lessens the concern of unequal endpoints by ranking component 

endpoints on clinical significance and then assessing the impact of treatment sequentially 

by these endpoints (7). The initial concept was discussed by Buyse (18), while the full 

approach was proposed by Pocock et al. (7) where the authors describe both a matched and 

unmatched approach. The unmatched win ratio approach involves pairing each study 
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group participant with every other control group participant (e.g. if study group n=100 and 

control group n=100 we would create 100 x 100 = 10,000 pairs). Initially, each pair is 

assessed on the endpoint of highest clinical significance to determine if either the study 

group pair member or control group pair member is the ‘winner’. In the situation where 

both pair members experienced the event, the winner is the member with the longest 

event-free survival time. In the situation where only one pair member has experienced an 

event, the winner is the event-free member but, only if his follow-up extends past that of 

the other pair member who has experienced an event (i.e. the win must be ‘confirmed’). If 

follow-up does not extend past the event, or if no event occurred in either pair member the 

pair is labelled a ‘tie’ or uninformative for this event. Only these pairs are then assessed for 

the next most clinically significant event in the exact same manner.  

 

At the conclusion, a win ratio, defined as the total number of pairs won by the study group 

divided by the total number of pairs won by the control group, is determined. The win ratio 

can be thought as conceptually similar to an odds ratio or a hazard ratio, as a win ratio 

greater than 1 indicates an increase in wins for the study group compared to the control 

group. An odds ratio or a hazard ratio greater than 1 indicates an increase in either the 

event odds or the hazard, for the study group compared to the control group. Of course, as 

with an odds ratio or a hazard ratio, the win ratio can be flipped (control vs. study) to 

provide an inverse win ratio where a value greater than 1 indicates a negative treatment 

effect. Further, the  nonparametric unmatched win ratio approach does not rely on 

unrealistic statistical assumptions such as proportional hazards, unlike standard time-to-
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event analyses (19,20). By ranking and sequentially assessing endpoints by decreasing 

severity, the win ratio approach lessens concerns of unequal endpoints while not relying on 

questionable statistical assumptions.   

 

The Canadian ACE-inhibitor Trial  

 
This analysis utilized data from the Canadian ACE-inhibitor in kidney transplant trial, 

henceforth�the ACE trial (21).  The ACE trial was a randomized, double blind, placebo-

controlled trial conducted at 14 centers in Canada and New Zealand. The trial’s primary 

objective was to determine if ramipril treatment, a common angiotensin converting 

enzyme (ACE) inhibitor, would have a beneficial impact on important clinical outcomes in 

kidney transplant recipients with proteinuria.  

 

Clinical Context & ACE Trial Rationale 

 
In patients with diabetes and chronic kidney disease (CKD), particularly those with 

proteinuria, the use of ACE inhibitors has been a cornerstone of antihypertensive 

management as they reduce the risk of clinically significant events (22). However, in the 

kidney transplant population strong evidence for the use of ACE-inhibitors is lacking. This 

lack of evidence provided the rationale for the ACE trial. Even after completion of the trial 

there remains uncertainty concerning the use of ACE-inhibitors in the renal transplant 

population. A recent systematic review and meta-analysis of 8 RCTs (including the ACE 
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trial) concluded that the current evidence neither supports nor refutes the use of renin-

angiotensin system blockade (either ACE-inhibitors or angiotensin receptor blockers 

[ARBs]) in the kidney transplant population (22).  

 

Trial Characteristics 

 
From August 23rd, 2006, to March 28th, 2012, a total of 213 kidney transplant recipients were 

randomized. 109 patients were allocated to placebo while 104 were allocated to ramipril 

treatment. Of these, 109 patients in the placebo group and 103 patients in the ramipril 

group were analyzed. All patients that completed the final 4-year study visit were invited to 

participate in a non-prespecified trial extension phase. During this extension phase 

(henceforth referred to as the ‘extended trial’) masking was maintained and patients could 

be followed for a maximum of 48 additional months. As a result, the primary ACE trial has 

a mean follow-up of 41 months while the extended ACE trial has a mean follow-up of 48 

months. Further trial details including complete inclusion/exclusion criteria can be found 

in the published trial protocol (23) and the primary study publication (21) which is 

included in Appendix 1- Additional File 1.  
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Intervention  

 
Eligible patients entered a short 2-week open-label trial of 5mg ramipril daily. If tolerated, 

patients were randomized (1:1) to either receive ramipril or placebo treatment for up to 4 

years (oral 5 mg daily for 2 weeks and then 5 mg oral twice daily thereafter).  

 

Trial Primary Outcome 

 
The primary outcome of the trial was a time-to-event composite consisting of death, end-

stage renal disease (ESRD) and doubling of serum creatinine. ESRD was defined as the date 

of either repeat kidney transplantation or initiation of dialysis. Doubling of serum 

creatinine was defined as a two-fold increase in serum creatinine (umol/L) relative to 

baseline and was confirmed by two consecutive tests at least 4 weeks apart by a central 

laboratory. Serum creatinine was measured at randomization, 1 month, 6 months, and 

every 6 months until trial end. All outcomes in the composite were measured as time to 

first occurrence endpoints and only the first event was used in the primary composite 

outcome. However, overall occurrences of each composite component were recorded and 

were reported individually. 
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Trial Results 

 
No significant differences between the two groups were found in the primary composite 

outcome. During the initial trial period (mean 41 months follow-up) the primary outcome 

occurred in 19 (17%) of 109 patients in the placebo group and 14 (15%) of 103 patients in the 

ramipril group (hazard ratio [HR] 0.76; 95% CI, 0.38-1.51). With extended trial follow-up 

(mean 48 months) the primary outcome occurred in 27 (25%) in the placebo group and 25 

(24%) patients in the ramipril group (HR, 0.96; 95% CI, 0.55-1.65). The intention-to-treat 

population was used to assess outcomes in both the primary trial and extended trial 

analyses. Contrary to what was previously assumed regarding ACE-inhibitor treatment in 

kidney transplantation, the results of the ACE trial did not support the use of ACE-

inhibitors with the goal of improving clinical outcomes in kidney transplantation.   

 

 

 

 

 

 

 

 

 



  Fergusson, NA 

 
 
   

15 

CHAPTER 3: ALTERNATIVE ENDPOINTS- MANUSCRIPT 1 

 
Preface to Manuscript 1 

In this paper, we present the results of a secondary analysis of the ACE trial using 

alternative graft function endpoints. The original primary composite of death, ESRD, and 

doubling of serum creatinine was compared to three composites that included death, 

ESRD, and either a t40%, t30%, or t20% decline in eGFR. The objective of this study was 

to explore the statistical impact of using alternative surrogate endpoints, specifically eGFR 

percentage declines of t40%, t30%, and t20%, and investigate whether they alter the 

results, interpretations, or conclusions of the ACE trial 

 

We found that lower eGFR percentage decline thresholds resulted in a substantial increase 

in the number of composite events. Within the ACE trial, these lesser eGFR declines would 

have increased statistical power but simply because no apparent treatment effect was ever 

observed. The use of these alternative endpoints should be determined with respect to the 

intervention in question and its hypothesized treatment effect. Interestingly, regardless of 

whether a  t40%, t30%, or t20% decline in eGFR was used in the composite, the trial’s 

original clinical interpretation regarding the efficacy ACE-inhibitor treatment in kidney 

transplant recipients remained identical. In all composites assessed, ramipril treatment was 

not associated with any statistically significant differences compared to placebo.   
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Abstract 

Background: Kidney transplant trials assessing the impact of interventions on end-stage 

renal disease (ESRD) and/or death are rarely feasible, as these are often long term 

outcomes. The objective of this study was to determine if using alternative eGFR 

percentage declines would alter results, interpretations, or conclusions of the ACE trial.  

 

Methods: This study was a secondary analysis of the ACE trial comparing the use of a 

t40%,  t30% or t20% decline in eGFR versus a doubling of serum creatinine, in a time-to-

event composite of death and ESRD. Declines in eGFR were determined relative to baseline 

and were calculated using the CKD-EPI equation. The ACE trial enrolled 212 kidney 

transplant patients with proteinuria and assessed the clinical impact of ramipril treatment, 

a common angiotensin converting enzyme (ACE) inhibitor, versus placebo on a composite 

of death, ESRD, and doubling of serum creatinine.  

 

Results: In the primary trial (mean follow-up 41 months), a composite of death, ESRD, and 

either a t40%, t30%, or t20% eGFR decline occurred in 45 (26 placebo vs. 19 ramipril), 68 

(35 vs. 33), and 99 (50 vs. 49) patients respectively. Substituting these eGFR declines for 

doubling of serum creatinine resulted in an increase of 12, 35, and 66 composite events. In 

the extended trial (mean follow-up 48 months) results were similar. In all composites, 

ramipril treatment was not associated with any statistically significant difference in both 

the primary and extended trial.  
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Conclusions: Substituting a doubling of serum creatinine endpoint for alternative eGFR 

percentage declines in a composite of death and ESRD did increase the number of 

outcomes however, trial results, interpretations, or conclusions were not altered.  

 

Word Count: 3784 

Keywords: Kidney end point; eGFR decline; composite; kidney transplant; clinical trial; 

ACE-inhibitor  
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BACKGROUND 

Clinical trials in kidney transplantation are challenged by low event rates of hard 

outcomes, such as death and end-stage renal disease (ESRD), particularly within the first 1-

3 years post transplantation (1–5). In order to achieve statistical power and provide clinical 

insight, kidney transplant trials assessing the impact of an intervention on either death or 

ESRD require a substantial sample size and/or extended follow-up; both threats to 

feasibility (1–5). Although these hard, substantial events are uncommon in the first 1-3 years 

post-transplant the long-term clinical results continue to be suboptimal among kidney 

transplant patients (6) and further work to improve long-term results remains essential. To 

increase short-term event rate and improve trial feasibility, an endpoint of doubling of 

baseline serum creatinine is often incorporated into a time-to-event composite outcome 

that also includes death and ESRD (1–5). Doubling of serum creatinine is a marker of 

kidney function decline and has been shown to be an effective surrogate for both ESRD and 

death (1,2,7).  

 

However, utilizing an endpoint of doubling of serum creatinine as a composite component 

has not solved the problem; issues of low short-term event rates and consequently, 

efficiency, continue to persist (8). To increase event rates and enable clinical trials of 

shorter duration, the use of a percentage reduction in estimated glomerular filtration rate 

(eGFR) as an alternative surrogate for hard outcomes was recently explored (1). In a large, 

multinational database of chronic kidney disease (CKD) patients, an endpoint of t30% 

decline eGFR over two years was considerably more frequent but also strongly predictive of 
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long-term graft failure and death in the CKD population (1). The validity of using 

percentage eGFR declines as surrogate endpoints in clinical trials was further validated in 

the kidney transplant population (2). The investigators recommended that percentage 

decline in eGFR should be considered for use as a surrogate endpoint in kidney transplant 

trials (2). To investigate the impact of such recommendations, we conducted a secondary 

analysis of the ACE trial (9) by incorporating endpoints of eGFR percentage decline into a 

composite also including death and ESRD, in order to determine their impact on trial 

results, interpretations, and conclusions. 

 

METHODS 

Study Design and Patients 

We conducted a secondary analysis of the ACE trial (9), a double-blind, placebo-controlled, 

randomized trial, conducted at 14 centers in Canada and New Zealand (ISRCTN, number 

78129473). Between August 23rd, 2006, and March 28th, 2012, a total of 213 high-risk kidney 

transplant recipients with proteinuria were enrolled. In the primary trial, 212 patients were 

analysed with 109 allocated to placebo and 103 allocated to ramipril. In the extended trial, 

all patients who completed the final 48-month study visit of the primary trial were offered 

to continue treatment and follow-up for up to an additional 48 months. At this point, 43 

(80%) of 54 eligible patients in the placebo group and 38 (78%) of 49 eligible patients in the 

ramipril group participated. The extension phase of the trial was not pre-specified. 

Inclusion criteria specified adult renal transplant recipients who were at least 6 months 

post-transplant with an eGFR between 20 mL/min/1.73m2 and 55 mL/min/1.73m2 
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(calculated using the MDRD equation) and proteinuria of 0.2 g/day or greater. A protocol 

amendment after 58 participants were randomized included the change to enroll recipients 

who were at least 3 months post-transplant with an eGFR of 20 mL/min/1.73m2 or greater. 

The study was approved by the local research ethics board at every participating institution 

and all trial participants provided written informed consent. Clinical coordination, data 

management, and statistical analyses for the trial were performed by the Ottawa Methods 

Centre at the Ottawa Hospital Research Institute (Ottawa, ON, Canada). Details of the trial 

protocol (10) and the primary study results (9) have been published previously.  

 

Study Treatment  

Eligible patients entered a short 2-week open-label trial of 5mg ramipril daily. If tolerated, 

patients were randomized (1:1) to either receive ramipril or placebo treatment for up to 4 

years (oral 5 mg daily for 2 weeks and then 5 mg oral twice daily thereafter).  

 

Outcome Assessments & Evaluation 

Study visits occurred at randomization, 1 month, 6 months and then every 6 months 

thereafter until the duration of the trial. At each study visit, haemoglobin, serum creatinine 

and serum potassium concentrations were measured by a central laboratory and any event 

of doubling of serum creatinine, end-stage renal disease (ESRD) or death (the primary 

composite outcome) was determined. Additionally, after the initial visit, measured GFR 

was evaluated with radiolabeled 99mtehcnetium-DTPA (99mTc-DTPA), 24-h urine protein 

and quality of life (using short-form 36) was measured. All patients that completed the 
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final 4-year study visit were invited to participate in a non-prespecified trial extension 

phase. During this extension phase, masking was maintained and patients could be 

followed for a maximum of 48 additional months. Study assessments were performed at 6-

month intervals to determine if any event of doubling of serum creatinine, ESRD or death 

had occurred. Serum creatinine values during the extension phase were obtained from trial 

participant medical records. Laboratory testing and measured GFR calculation were not 

performed during this phase. Baseline data for each trial participant included age, gender, 

ethnic origin (White, Black, Asian or other), proteinuria (mg/day), type of donor (living or 

deceased), measured GFR (mL/min/1.73m2), serum creatinine (umol/L), diabetes status 

(present or absent) and time post-transplantation (days).  

 

Trial Primary Outcome 

The primary outcome of the trial was a time-to-event composite consisting of death, ESRD, 

and doubling of serum creatinine. ESRD was defined as the date of repeat kidney 

transplantation or initiation of dialysis. Doubling of serum creatinine was defined as a two-

fold increase in serum creatinine (µmol/L) relative to baseline and was confirmed by two 

consecutive tests at least 4 weeks apart by a central laboratory. All outcomes in the 

composite were measured as time to first occurrence of any component of the composite. 

However, overall total events of each composite component were recorded and were 

reported as individual components.  
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Secondary Analysis Outcomes 

In this secondary analysis, in place of doubling of serum creatinine, we incorporated eGFR 

percentage declines of either t40%, t30%, or t20% into a time-to-event composite of death 

and ESRD. Doubling of serum creatinine corresponds to roughly a 57% decline in eGFR (3). 

For the primary trial, eGFR was calculated using serum creatinine values determined from 

our central laboratory or, in the situation where lab values were unavailable, patient charts. 

For the trial extension phase, eGFR was calculated using serum creatinine values from 

participant medical records. The Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation (11) was used to calculate all eGFR values. Events of  t40%, t30%, or 

t20% eGFR declines were determined relative to baseline eGFR and only the first 

occurrence was recorded as an event. All endpoints (death, ESRD or eGFR percentage 

decline) in each composite were measured as time-to-event and only the first event was 

used in the composite outcome. Overall total events of each composite component were 

recorded and were reported as individual components. In a sensitivity analysis, the 4-

variable Modification of Diet in Renal Disease (MDRD) equation (12) was used to calculate 

eGFR values (Appendix; Table 4 & 5). 

 

Statistical Analysis  

The primary trial analysis included data up to 48-months post-randomization while the 

extended trial included all primary phase data and supplementary extended follow-up data 

to a maximum of 84 months. All analyses were conducted in accordance with the 

intention-to-treat principle. Kaplan-Meier plots assessing each time-to-event composite 
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over the trial period were constructed while non-parametric log-rank tests were performed 

as significance tests. Cox proportional hazards regression models were used to adjust for 

important risk factors including: age (years), diabetes (present or absent), time from 

transplantation (days), measured GFR (mL/min/1.73m2), donor type (living or deceased), 

proteinuria (mg/24 h), and serum creatinine (umol/L). Unadjusted and adjusted Cox 

proportional hazard ratios along with corresponding 95% confidence intervals were created 

to compare outcomes between study groups. Further, 2-sided P<0.05 was considered to 

indicate statistical significance. All analyses were conducted in R statistical software 

version 3.3.2 (13).  

 

RESULTS 

A total of 212 patients were analyzed and both groups were well balanced at baseline (Table 

1). Mean follow-up was 41 months (range 1-48) in the primary trial and 48 months (range 1-

84) in the extended trial.  

 

A composite consisting of death, ESRD, and either a t40%, t30%, or t20% eGFR decline 

occurred in a total of 45 (26 placebo vs. 19 ramipril), 68 (35 vs. 33), and 99 (50 vs. 49) 

patients respectively. Ramipril treatment was not associated with a statistically significant 

hazard ratio (HR) in any these time-to-event composites (Table 2). The time to occurrence 

of each composite did not differ significantly between groups (Fig. 1). 
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In the extended trial, a composite consisting of death, ESRD, and either a t40%, t30%, or 

t20% eGFR decline occurred in a total of 61 (33 placebo vs. 28 ramipril), 82 (42 vs. 40), and 

111 (58 vs. 53) patients respectively. Ramipril treatment was not associated with a 

statistically significant hazard ratio (HR) in any these time-to-event composites (Table 2). 

The time to occurrence of each composite did not differ significantly between groups (Fig. 

2). After adjustment, the effects of ramipril on each composite in both the primary trial and 

extended trial were comparable to the unadjusted hazards (Appendix; Table 6). 

 

Regarding graft function endpoints solely (without inclusion in a composite), a total of 14 

participants (9 placebo vs. 5 ramipril) experienced a doubling of serum creatinine (Table 3). 

An eGFR decline of t40%, t30%, or t20% occurred in a total of 28 (17 placebo vs. 11 

ramipril), 57 (30 vs. 27), and 90 (46 vs. 44) respectively (Table 3). Ramipril treatment was 

not associated with a statistically significant hazard ratio (HR) in any these graft function 

outcomes (Table 3). 

 

In the extended trial, graft function endpoints (without inclusion in a composite), a total of 

25 participants (12 placebo vs. 13 ramipril) experienced a doubling of serum creatinine 

(Table 3). An eGFR decline of t40%, t30%, or t20% occurred in a total of 38 (19 placebo vs. 

19 ramipril), 65 (33 vs. 32), and 98 (50 vs. 48) respectively (Table 3). With extended follow-

up, ramipril treatment was not associated with a statistically significant hazard ratio (HR) 

in any of these graft function outcomes (Table 3). After adjustment, the effects of ramipril 
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on each graft function surrogate endpoint in both the primary trial and extended trial were 

comparable to the unadjusted hazards (Appendix; Table 7). 

 

There were 14 deaths (5 placebo vs. 9 ramipril) in the primary trial. The unadjusted HR for 

death was 1.97 (95% CI, 0.66-5.89). Further, 15 patients experienced ESRD (9 placebo vs. 6 

ramipril) yielding an unadjusted HR of 0.67 (95% CI, 0.24-2.90). In the extended trial, there 

were 25 total deaths (11 placebo vs. 14 ramipril) resulting in an unadjusted HR of 1.45 (95% 

CI, 0.66-3.21). An overall total of 23 patients experienced ESRD (12 placebo vs. 11 ramipril) 

with an unadjusted HR of 0.94 (95% CI, 0.41-2.13).  

 

DISCUSSION 

We found that a time-to-event composite of death, ESRD, and percentage eGFR declines 

(either t40%, t30%, or t20%) did not lead to any significant change from the original 

conclusions of the primary trial or the extended trial. In each time-to-event composite, no 

statistically significant differences between the ramipril and placebo groups could be 

identified. Further, no statistically significant differences were observed between the 

ramipril and placebo groups when eGFR declines were assessed on their own (without 

inclusion in a composite).  

 

The effectiveness of percentage eGFR decline endpoints as surrogates for ESRD and death 

has been demonstrated in chronic kidney disease (CKD) patients using the large, multi-

national Chronic Kidney Disease Prognosis Consortium dataset (1). A National Kidney 
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Foundation (NKF) and Federal Drug Administration (FDA) Scientific Workshop concluded 

that a t40% eGFR decline over 2-3 years was broadly acceptable as a substitute for 

doubling of serum creatinine in CKD progression trials, while a t30% eGFR decline may be 

acceptable in certain cases (4). Stemming from this workshop, Badve et al. conducted a 

review and meta-analysis and concluded that the decision to use a t30% or t40% eGFR 

decline as a surrogate endpoint in CKD progression trials should be determined on a trial-

by-trial basis depending on the intervention being assessed and it’s hypothesized impact 

on eGFR percentage decline (4). However, these appraisals involved the CKD population, 

not the kidney transplant population. Clayton et al. (2) has recently investigated the 

relationship between eGFR percentage declines and hard outcomes, like death and ESRD, 

in 7949 kidney transplants from the Australia and New Zealand Dialysis and Transplant 

Registry. They determined that both t30% and t40% eGFR declines not only occurred 

more frequently than doublings of serum creatinine, but were still strongly associated with 

both subsequent death and ESRD (2). A doubling of serum creatinine corresponds to a 

~57% decrease in eGFR and thus, as the threshold is lowered, we should expect to see an 

increase in both the number and rate of events (3). However, although these eGFR 

percentage endpoints will likely increase event rate in kidney transplant trials, evidence of 

their trial-level impact on statistical power and trial feasibility within the kidney transplant 

setting is lacking (2). A post-hoc analysis of the RENAAL and IDNT trials in ESRD found 

that these lesser eGFR decline endpoints do increase the number of events but, they also 

attenuate treatment effect (8). If the impact of treatment on these lesser eGFR decline 
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endpoints is diminished, they may not increase statistical power or feasibility at all, and 

could even lead to improper trial interpretations.  

 

Our results demonstrate that using a threshold percentage of eGFR (t40%, t30%, and 

t20%), instead of a doubling of serum creatinine, in a time-to-event composite of death 

and ESRD substantially increases the number and rate of events observed. We define 

events with respect to events observed solely in the time-to-first-occurrence composite, not 

overall events. As expected, the number of composite events, and the rate at which they 

occurred, increased as the percentage threshold was lowered (Table 2, Figures 1 & 2). In the 

primary trial (41 months mean follow-up), using t40% eGFR decline, instead of doubling of 

serum creatinine in the composite outcome resulted in an additional 12 composite events 

(7 in the placebo group vs. 5 in the ramipril group) which is a 36% relative increase in 

events. The composite using a t30% eGFR decline resulted in an additional 35 total events 

(16 in the placebo group vs. 19 events in the ramipril group), a relative increase of 106%. 

Lastly, the composite using a t20% eGFR decline resulted in an additional 66 total events 

(31 in the placebo group vs. 35 events in the ramipril group), a relative increase of 200%. In 

the extended trial (48 months mean follow-up), similar but lesser increases were observed, 

with a t40% eGFR decline endpoint increasing the total composite events by 9 additional 

events (6 and 3 events in the placebo and ramipril groups respectively) for a 17% relative 

increase in events, while a  t30% eGFR endpoint added a total of 30 events (15 events in 

both the placebo and ramipril groups) a 58% relative increase. The composite using a t20% 

eGFR decline endpoint resulted in an additional 59 events (31 and 28 events in the placebo 
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and ramipril groups respectively) for a relative increase of 113%. These increases in trial 

event rate did lead to narrower 95% confidence intervals and indicates that within the ACE 

trial there would have been an increase in statistical power as no treatment effect was 

demonstrated. Increasing trial statistical power would depend on whether or not the 

intervention in question exhibits a similar treatment effect on endpoints of percentage 

eGFR decline. If the event rate increases, and the treatment effect is similar, trial statistical 

power would increase and the same conclusions could be drawn using less patients or a 

shorter duration. 

 

In our analysis, the original composite of death, ESRD and doubling of serum creatinine 

(HR, 0.76; 95% CI, 0.38-1.51) was closely replicated with the composite incorporating a 

t40% eGFR decline (HR, 0.74; 95% CI, 0.41-1.34) while increasing the number of total 

events by 36%. In the primary trial, when t30% eGFR decline was incorporated into the 

composite, no treatment effect was demonstrated (HR, 1.01; 95% CI, 0.63-1.62; Table 2). 

Similarly, this was observed when t20% eGFR decline was used in the composite (HR, 1.04; 

95% CI, 0.70-1.54; Table 2). No treatment effect was observed in the extended trial with 

respect to the original composite of death, ESRD and doubling of serum creatinine. This 

lack of treatment effect in the extended trial was consistently observed regardless of 

whether a t40%, t30% or t20% eGFR decline was substituted for doubling of serum 

creatinine in the composite (Table 2).  
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While certainly increasing the number of events, there may be concerns of endpoint 

imbalance within the composites using  t30% or t20% eGFR declines. Within these 

composites, the more clinically significant components of ESRD and death are significantly 

outweighed in number by t30% and t20% eGFR decline endpoints, which accounted for 

75% or more of the total events experienced in both the primary and extended trial. This 

raises some concern as a composite outcome powered by the least clinically significant 

component may result in misleading conclusions (14–17). This was less of a concern with 

the composite of t40% eGFR decline, ESRD, and death as the endpoint of  t40% eGFR 

decline represented around half of the total events in both the primary and extended trial.  

 

Ramipril treatment did not lead to any statistically significant differences in any of the 

time-to-event composites used even with high risk patients and extended follow-up. 

Although substantially increasing the number and rate of events, when eGFR declines of 

t40%, t30% or t20% were incorporated into the composite they did not produce any 

indication of a treatment effect. The principal conclusion of the ACE trial with respect to 

ramipril treatment in the kidney transplant population remains unchanged. 

 

This secondary analysis is a direct and trial-level assessment of lesser eGFR percentage 

decline surrogates in a typical kidney transplant trial. Using original trial data, we were 

able to directly compare the impact of using a surrogate endpoint of eGFR percentage 

declines versus doubling of serum creatinine in a time-to-event composite outcome. 

Limitations of this secondary analysis should be noted. During the original trial, any 
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suspected doubling of serum creatinine event was confirmed with a subsequent laboratory 

test at least 4 weeks later. As a secondary analysis relying on retrospectively collected data, 

any percentage eGFR decline event determined was not able to be confirmed by 

subsequent laboratory tests. In addition, the generalizability of these results to other 

kidney transplant trials may be limited as our patient population only included high risk 

recipients with proteinuria. In the ACE trial, ACE-inhibitor treatment was expected to have 

an impact on endpoints of graft function, including the alternative eGFR percentage 

declines assessed in this secondary analysis. Within the ACE trial, the fact that less 

conservative eGFR declines did not alter the interpretation and principal conclusions is 

consistent with a lack of a treatment effect. The lack of any clear treatment effect within 

the ACE trial made it impossible to assess whether lesser eGFR percentage decline 

endpoints would mirror the treatment effects on a doubling of serum creatinine. In trials 

assessing an intervention where a treatment effect is present, these alternative percentage 

declines in eGFR may be useful in increasing the short-term event rate and improving trial 

efficiency. This depends entirely on the hypothesized magnitude of an intervention’s effect 

on graft function. Depending on the treatment being assessed, graft function decline 

endpoints may be inappropriate.  
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CONCLUSION 

Using alternative graft function endpoints of t40%, t30% and t20% eGFR declines in a 

time-to-event composite of death and ESRD did not alter the ACE trial’s results, 

interpretations, or conclusions. We found that lower eGFR percentage decline thresholds 

resulted in an increase in the number of composite outcomes. Within the ACE trial, these 

lesser eGFR declines would have increased statistical power but only because no treatment 

effect was ever observed. As a result, an assessment of whether lesser eGFR declines would 

attenuate treatment effect was not possible. The use of these alternative endpoints should 

be determined with respect to the intervention in question and its hypothesized treatment 

effect. We conclude that using alternative graft function endpoints of t40%, t30% and 

t20% eGFR declines in a time-to-event composite of death and ESRD resulted in no 

deviations from original ACE trial conclusions surrounding ACE-inhibitor use in kidney 

transplant recipients.   
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Table 1. Baseline characteristics from the Canadian ACE inhibitor in transplant trial 

 Placebo (n=109) Ramipril (n=103) 

Age (years) 54.5 (11.4) 52.4 (13.3) 
Sex   

Women 29 (27%) 32 (31%) 
Men 80 (73%) 71 (69%) 

BMI (kg/m2) 29.5 (7.4) 29.3 (6.5) 
Ethnic Origin   

White 88 (81%) 88 (85%) 
Black 3 (3%) 5 (5%) 
Asian 9 (8%) 4 (4%) 
Other 9 (8%) 6 (6%) 

Medical History   
Hypertension 101 (93%) 97 (94%) 

Hyperlipidemia 74 (68%) 67 (65%) 
Diabetes 42 (39%) 48 (47%) 

Angina 15 (14%) 12 (12%) 
PCI or CABG 13 (12%) 14 (14%) 

Myocardial infarction 10 (9%) 6 (6%) 
Peripheral vascular disease 4 (4%) 11 (11%) 

Congestive heart failure 11 (10%) 2 (2%) 
TIA or stroke 5 (5%) 4 (4%) 

Cancer 24 (22%) 19 (18%) 
Current Smoker 20 (18%) 16 (16%) 

Primary Cause of renal disease   
Glomerulonephritis 24 (22%) 24 (23%) 

Diabetes mellitus 19 (17%) 23 (22%) 
Polycystic kidney disease 9 (8%) 10 (10%) 

Hypertension 13 (12%) 6 (6%) 
Other 36 (33%) 34 (33%) 

Unknown 8 (7%) 6 (6%) 
Type of donor   

Living 45 (41%) 47 (46%) 
Deceased 64 (59%) 56 (54%) 

Primary transplant 96 (88%) 89 (86%) 
Antihypertensive use   

Calcium channel blocker 63 (58%) 59 (57%) 
Beta-blocker 59 (54%) 58 (56%) 

Diuretic 34 (31%) 32 (31%) 
Alpha-blocker 8 (7%) 6 (6%) 

Vasodilator 1 (1%) 6 (6%) 
Measured DTPA GFR (mL/min) 65.1 (27.6) 65.9 (25.0) 

Corrected (mL/min/1.73m2) 58.6 (24.1) 59.8 (21.9) 
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Blood pressure   
Systolic blood pressure (mm Hg) 135 (17) 135 (16) 

 
Diastolic blood pressure (mm Hg) 78 (10) 77 (9) 

<130/80 32 (29%) 35 (34%) 
Serum creatinine (umol/L) 142 (54) 138 ( 51) 

Proteinuria (mg per day) 400 (270-720) 430 (270-813) 
Data are mean (SD), n (%), or median (IQR). PCI = percutaneous coronary  
intervention. CABG = coronary artery bypass grafting. DTPA GFR = glomerular  
filtration rate measured using 99mtechnetium-diethylene triamine pentacetate 

Table adapted from Knoll et al. (12).  
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Table 2. Time-to-event composite outcomes  

  
Primary Trial Extended Trial 

  Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Total follow-up (months) 41.8 41.4 .. 48.6 47.8 .. 

Composite of: 
   

   
Doubling of serum creatinine 9 3  11 9  

Return to dialysis 6 3 
 

8 4  
Repeat transplant 0 0 

 
0 0  

Death 4 8 
 

8 12  
Total* 19 14 0.76 (0.38-1.51) 27 25 0.96 (0.55-1.65) 

Composite of:       
t40% eGFR decline 16 10  18 15  

Return to dialysis 6 2  7 3  
Repeat transplant 0 0  0 0  

Death 4 7  8 10  
Total* 26 19 0.74 (0.41-1.34) 33 28 0.89 (0.54-1.48) 

Composite of:       
t30% eGFR decline 29 26  32 30  

Return to dialysis 5 1  6 1  
Repeat transplant 0 0  0 0  

Death 1 6  4 9  
Total* 35 33 1.01 (0.63-1.62) 42 40 1.06 (0.68-1.63) 

Composite of:       
t20% eGFR decline 45 43  49 45  

Return to dialysis 4 1  5 1  
Repeat transplant 0 0  0 0  

Death 1 5  4 7  
Total* 50 49 1.04 (0.70-1.54) 58 53 0.96 (0.66-1.40) 

eGFR= estimated glomerular filtration rate. *Only the first event per patient is included in the total for each 
composite. Note that events for each composite component are only included if it was the first event. eGFR 
was calculated using the CKD-EPI equation (11).  
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Table 3. Total number of trial participants experiencing a graft function surrogate endpoint by 
study group and trial phase.  

  
Primary Trial Extended Trial 

  Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Doubling of serum 
creatinine 9 (8.3%) 5 (4.9%) 0.59 (0.20-1.77) 12 (11%) 13 (13%) 1.11 (0.51-2.44) 

eGFR Decline:       
t40% 17 (16%) 11 (11%) 0.62 (0.28-1.35) 19 (17%) 19 (18%) 1.04 (0.55-1.97) 
t30% 30 (28%) 27 (26%) 0.96 (0.57-1.62) 33 (30%) 32 (31%) 1.06 (0.65-1.73) 
t20% 46 (42%) 44 (43%) 1.01 (0.68-1.53) 50 (46%) 48 (47%) 1.01 (0.67-1.50) 

eGFR= estimated glomerular filtration rate. eGFR was calculated using the CKD-EPI equation (11). 
Primary trial mean follow-up was 41 months while extended trial mean follow-up was 48 months.  
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Log-rank p= 0.49 Log-rank p= 0.36 

Log-rank p= 0.78 Log-rank p= 0.70 

A) Composite of death, ESRD, and doubling of serum creatinine B) Composite of death, ESRD, and ≥40% eGFR decline 

C) Composite of death, ESRD, and ≥30% eGFR decline D) Composite of death, ESRD, and ≥20% eGFR decline 

Figure 1. Cumulative hazard plots of composite outcomes in the primary trial (mean follow-up 41 months). eGFR= estimated glomerular filtration rate. 
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Log-rank p= 0.89 Log-rank p= 0.88 

Log-rank p= 0.67 Log-rank p= 0.99 

A) Composite of death, ESRD, and doubling of serum creatinine B) Composite of death, ESRD, and ≥40% eGFR decline 

C) Composite of death, ESRD, and ≥30% eGFR decline D) Composite of death, ESRD, and ≥20% eGFR decline 

Figure 2. Cumulative hazard plots of composite outcomes in the extended trial (mean follow-up 48 months). eGFR= estimated glomerular filtration rate. 
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APPENDIX  
 
 
Table 4. Time-to-event composite outcomes using the MDRD equation to calculate eGFR 

  
Primary Trial Extended Trial 

  Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Total follow-up (months) 41.8 41.4 .. 48.6 47.8 .. 
Composite of: 

   
   

Doubling of serum creatinine 9 3  11 9  
Return to dialysis 6 3 

 
8 4  

Repeat transplant 0 0 
 

0 0  
Death 4 8 

 
8 12  

Total* 19 14 0.76 (0.38-1.51) 27 25 0.96 (0.55-1.65) 
Composite of:       

t40% eGFR decline 17 9  19 13  
Return to dialysis 6 2  7 3  
Repeat transplant 0 0  0 0  

Death 4 7  8 10  
Total* 27 18 0.66 (0.36-1.21) 34 26 0.79 (0.47-1.32) 

Composite of:       
t30% eGFR decline 28 20  30 24  

Return to dialysis 5 1  6 1  
Repeat transplant 0 0  0 0  

Death 1 7  5 10  
Total* 34 28 0.85 (0.51-1.40) 41 35 0.90 (0.57-1.42) 

Composite of:       
t20% eGFR decline 45 43  49 45  

Return to dialysis 4 1  5 1  
Repeat transplant 0 0  0 0  

Death 1 5  4 7  
Total* 50 49 1.05 (0.71-1.55) 58 53 0.98 (0.67-1.42) 

eGFR= estimated glomerular filtration rate. *Only the first event per patient is included in the total for 
each composite. Note that events for each composite component are only included if it was the first event. 
eGFR was calculated using the MDRD equation (12).  
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Table 5.  Graft function surrogate endpoints using the MDRD equation to calculate eGFR 

  Primary Trial Extended Trial 

  Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Placebo  
(n=109) 

Ramipril  
(n=103) 

Hazard ratio  
(95% CI) 

Doubling of serum 
creatinine 9 (8.2%) 5 (4.9%) 0.59 (0.20-1.77) 12 (11%) 13 (13%) 1.11 (0.51-2.44) 

eGFR Decline:       
t40% 18 (17%) 10 (9.7%) 0.52 (0.23-1.16) 20 (18%) 16 (16%) 0.81 (0.42-1.57) 
t30% 29 (27%) 21 (20%) 0.75 (0.43-1.31) 31 (28%) 26 (25%) 0.88 (0.52-1.48) 
t20% 46 (42%) 44 (43%) 1.02 (0.67-1.54) 50 (46%) 48 (47%) 1.02 (0.69-1.52) 

eGFR= estimated glomerular filtration rate. eGFR was calculated using the MDRD equation (12) 
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Table 6. Time-to-event composite outcomes with adjusted hazard ratios 

  
Primary Trial Extended Trial 

  Placebo  
(n=109) 

Ramipril  
(n=103) 

Adjusted¶  
Hazard ratio  

(95% CI) 

Placebo  
(n=109) 

Ramipril  
(n=103) 

Adjusted¶ 
Hazard ratio  

(95% CI) 
Follow-up (months) 41.8 41.4 .. 48.6 47.8 .. 

Composite of: 
   

   
Doubling of serum creatinine 9 3  11 9  

Return to dialysis 6 3 
 

8 4  
Repeat transplant 0 0 

 
0 0  

Death 4 8 
 

8 12  
Total* 19 14 0.85 (0.41-1.77) 27 25 0.97 (0.56-1.68) 

Composite of:       
t40% eGFR decline 16 10  18 15  

Return to dialysis 6 2  7 3  
Repeat transplant 0 0  0 0  

Death 4 7  8 10  
Total* 26 19 0.72 (0.36-1.35) 33 28 0.85 (0.51-1.41) 

Composite of:       
t30% eGFR decline 29 26  32 30  

Return to dialysis 5 1  6 1  
Repeat transplant 0 0  0 0  

Death 1 6  4 9  
Total* 35 33 0.98 (0.61-1.59) 42 40 1.04 (0.67-1.61) 

Composite of:       
t20% eGFR decline 45 43  49 45  

Return to dialysis 4 1  5 1  
Repeat transplant 0 0  0 0  

Death 1 5  4 7  
Total* 50 49 1.09 (0.74-1.63) 58 53 0.98 (0.67-1.43) 

eGFR= estimated glomerular filtration rate. * Only the first event per patient is included in the 
total for each composite. ¶Cox proportional hazards were adjusted for the following variables: 
age (years), diabetes (present or absent), time post-transplantation (days), measured GFR (per 
mL/min/1.73 m2), donor type (living or deceased), proteinuria (per mg/24 h), and serum 
creatinine (per P mol/L). 
 
 
 
 
 
 
 
 



  Fergusson, NA 

   43 

 
 
 
 
 
Table 7.  Graft function surrogate endpoints with adjusted hazard ratios 

  
Primary Trial Extended Trial 

  Placebo  
(n=109) 

Ramipril  
(n=103) 

Adjusted*  
Hazard ratio  

(95% CI) 

Placebo  
(n=109) 

Ramipril  
(n=103) 

Adjusted*  
Hazard ratio  

(95% CI) 
Doubling of serum 

creatinine 9 (8.3%) 5 (4.9%) 0.56 (0.19-1.70) 12 (11%) 13 (13%) 1.05 (0.47-2.33) 

eGFR Decline:       
t40% 17 (16%) 11 (11%) 0.59 (0.27-1.29) 19 (17%) 19 (18%) 1.01 (0.53-1.91) 
t30% 30 (28%) 27 (26%) 0.91 (0.54-1.55) 33 (30%) 32 (31%) 1.02 (0.63-1.67) 
t20% 46 (42%) 44 (43%) 1.05 (0.69-1.59) 50 (46%) 48 (47%) 1.03 (0.69-1.53) 

eGFR= estimated glomerular filtration rate. *Cox proportional hazards were adjusted for the 
following variables: age (years), diabetes (present or absent), time post-transplantation (days), 
measured GFR (per mL/min/1.73 m2), donor type (living or deceased), proteinuria (per mg/24 h), 
and serum creatinine (per P mol/L). 
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CHAPTER 4: ALTERNATIVE ANALYSIS TECHNIQUES- MANUSCRIPT 2  
 
Preface to Manuscript 2 

In Chapter 3 (Manuscript 1), we presented a secondary analysis assessing the impact of 

utilizing lesser percentage eGFR decline endpoints on the ACE trial’s results, 

interpretations, and conclusions. This secondary analysis investigated the use of these 

eGFR decline endpoints as they may offer the ability to increase trial event rate and 

ideally, statistical power, resulting in trials that require less patients and/or shorter 

duration. However, with respect to the ACE trial’s primary composite outcome of death, 

ESRD, and doubling of serum creatinine, there remains the lingering, and underlying, 

issue of unequal endpoints.   

 
 
In the next manuscript, we present an application of an alternative analysis technique, 

the win ratio  approach (7,18), to the ACE trial. The win ratio approach was applied to the 

ACE trial’s original primary composite of death, ESRD, and doubling of serum creatinine. 

Although no major concerns of disproportionality were apparent within the ACE trial 

composite, the presence of composite components trending in opposite directions and 

highly unexpected ACE trial results, the impact of the win ratio approach on the ACE 

trial’s results, interpretations, and conclusions is worth exploring. 

 

We performed the unmatched version of the win ratio approach as described by Pocock et 

al. (7). The objective of this study was to determine the statistical impact of using an 
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alternative analysis technique, the win ratio approach, and investigate whether this 

approach alters the results, interpretations, or conclusions of the original ACE trial. 

 

The unmatched win ratio approach involves the creation of pairs that consist of one study 

(ramipril) patient and one control (placebo) patient. Each ramipril patient (n=103) was 

paired with every other placebo patient (n=109) to create a total of 11,227 pairs (103 x 109). 

The components within the primary composite were then ranked with respect to clinical 

significance in the following manner: 1) Death, 2) ESRD, 3) Doubling of serum creatinine. 

Each pair was then initially assessed on the endpoint of death (since it was ranked the 

highest) and it was determined whether the ramipril or placebo pair member ‘won’ 

(Manuscript 1, Figure 1). Afterwards, the next most clinically significant endpoint was 

assessed in the same manner but only if the pair was labelled uninformative (a ‘tie’). The 

definition of ‘wins’ and ‘ties’ are displayed in Figure 1 of the manuscript while the entire 

process is outlined in Figure 2.  

 

Upon completion, a win ratio, defined as the total number of pairs won by the ramipril 

pair member (ramipril wins) divided by the total number of pairs won by the placebo pair 

member (placebo wins), was determined. The win ratio can be thought of as conceptually 

similar to an odds ratio or a hazard ratio as depicted in Appendix 4 of this thesis. A win 

ratio greater than 1 indicates a positive treatment effect while a hazard ratio greater than 1 

indicates a negative treatment effect. R code to determine the win ratio and its 95% 

confidence intervals are provided in Appendix 5-Additional File 1 & 2 of this thesis.  
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The win ratio approach produced comparable results to a standard time-to-event analysis 

within the ACE trial while maximizing information derived from outcomes of greater 

clinical significance. A win ratio comparing ramipril treatment to placebo was not 

statistically significant in both the primary (win ratio 1.21 [95% CI, 0.55-2.59]) and 

extended (win ratio 1.02 [95% CI, 0.54-1.83]) ACE trial. Within a kidney transplant trial 

setting, the win ratio approach is able to reproduce time-to-event results while taking 

into account the relative clinical significance of endpoints and minimizing unrealistic 

statistical assumptions. Due to its ability to lessen concerns of unequal endpoints its 

application requires further investigation and consideration in kidney transplant trials 

using composites of unequal endpoints.  
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Abstract 

Objective: Determine the statistical impact of using the win ratio approach and 

investigate whether this approach alters the results, interpretations, or conclusions of the 

ACE trial.  

 

Study Design and Setting: We present an application of the win ratio approach in a 

kidney transplant trial. The ACE trial assessed the clinical effectiveness of ramipril 

treatment versus placebo on a primary composite of death, end-stage renal disease 

(ESRD) and doubling of serum creatinine. We compare the win ratio (total pairs won for 

ramipril divided by total pairs won for placebo) to a conventional hazard ratio. A win 

ratio greater than 1 indicates a positive treatment effect, while a hazard ratio less than 1 

indicates a positive treatment effect.  

 

Results: On the primary composite ramipril treatment resulted in a win ratio of 1.21 (95% 

CI, 0.55-2.59) versus a hazard ratio of 0.76 (95% CI, 0.38-1.51). With extended follow-up 

(mean 48 months), ramipril was associated with a win ratio of 1.02 (95% CI, 0.54-1.83) 

versus a hazard ratio of 0.96 (95% CI, 0.55-1.65).  

 

Conclusion: The win ratio approach confirmed the time-to-event findings of the ACE 

trial while lessening concerns of unequal composite endpoints. 

 
Key words: Win ratio; composite endpoints; kidney transplant; ACE-inhibitor 
Word Count: 3845 
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1. Introduction  

Trials in kidney transplantation regularly suffer from low short-term event rates and low 

efficiency [1]; both obstacles to improving clinical practice. In order to increase event rate, 

often an endpoint of graft function decline, acting as a surrogate for hard outcomes, is 

incorporated into a time-to-first-event composite that also includes death and end-stage 

renal disease (ESRD) [1–5]. Doubling of serum creatinine is commonly used as the graft 

function decline endpoint and is strongly predictive of both death and ESRD [3].  

 

Although a time-to-first-event composite of death, ESRD, and graft function decline, may 

increase the event rate and therefore, reduce sample size and trial duration it also 

possesses components with unequal levels of clinical significance� patient death has 

much more clinical significance than a doubling of serum creatinine. It can be difficult to 

interpret composite outcomes that are driven by a particular component, especially if that 

component is the least clinically significant (most often the case as less significant events 

occur more frequently) [6–9]. Further, if a less clinically significant component is going in 

the opposite direction of a more clinically significant component it may weaken the 

ability to derive confident conclusions from the trial [6]. Using a time-to-first-event 

analysis on composites with endpoints of unequal significance and frequency can produce 

potentially misleading and faulty trial interpretations [7,8,10]. 

 

 The win ratio method proposed by Buyse [11] and Pocock et al. [7] attempts to mitigate 

concerns resulting from unequal endpoints. The win ratio involves pairing control arm 
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patients with study arm patients and working from the top-ranked, most clinically 

significant endpoint downwards towards the least clinically significant endpoint. For each 

pair a ‘winner’ is found by assessing which patient experienced the most clinically 

significant endpoint first, although pairs can be uninformative with no ‘winner’ present. 

Ranking and sequentially assessing endpoints by clinical importance may offer a win-win 

scenario by lessening the concerns of unequal composite components and statistical 

assumptions while maintaining an increase in trial event rate and efficiency.  

 

The ACE trial [12] compared the impact of ramipril, an angiotensin converting enzyme 

(ACE) inhibitor, to placebo on important clinical outcomes in renal transplant patients 

with proteinuria. The primary outcome of the trial was a time-to-event composite of 

death, ESRD, and doubling of serum creatinine. The trial concluded that compared to 

placebo, ramipril treatment did not lead to any significant differences in the primary 

composite outcome [12]. Although no major concerns of disproportionality were apparent 

within the primary composite, the presence of composite components trending in 

opposite directions and highly unexpected ACE trial results, the impact of the win ratio 

approach on the ACE trial’s conclusions and interpretations is worth exploring. The 

objective of this study is to explore the statistical impact of the win ratio approach and 

investigate whether it alters the results, interpretations, or conclusions of the ACE trial.
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2. Methods 

2.1 Overview of the ACE Trial 

The ACE trial evaluated the impact of ramipril versus placebo on clinically important 

outcomes in kidney transplant recipients with proteinuria. Complete trial design and 

detailed inclusion/exclusion criteria are available in the original trial publication and trial 

protocol [12,13], and the trial is registered (ISRCTN, number 78129473).  In summary, 

between August 23rd, 2006, and March 28th, 2012, a total of 213 kidney transplant 

recipients were randomized (1:1) to either receive ramipril or placebo treatment for a 

maximum of 4 years (oral 5 mg daily for 2 weeks and then 5 mg oral twice daily 

thereafter). A total of 109 patients were allocated to placebo while 104 were allocated to 

ramipril, of whom 109 patients in the placebo group and 103 patients in the ramipril group 

were analyzed. Because of lower than expected recruitment rate, and in order to increase 

the number of events and trial power, all patients that completed the final 4-year study 

visit were invited to participate in a non-prespecified trial extension phase (extended 

trial). In the extended trial, all patients finishing the final 48-month study visit of the 

primary trial were offered to continue treatment and follow-up for up to an additional 48 

months. At this point, 43 (80%) of 54 eligible patients in the placebo group and 38 (78%) 

of 49 eligible patients in the ramipril group agreed to participate. During this extension 

phase masking was maintained. Trial conduct and participant safety were overseen by a 

data safety monitoring board responsible for reviewing data every 6 months. The study 

was approved by the local research ethics board at every participating institution and all 

trial participants provided written informed consent.  
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2.2 Trial Data Collection  

Study visits occurred at randomization, 1 month, 6 months and then every 6 months 

thereafter for the duration of the trial. At each study visit, haemoglobin, serum creatinine 

and serum potassium concentrations were measured by a central laboratory and any 

event of the primary composite outcome (doubling of serum creatinine, end-stage renal 

disease or death) was determined. End-stage renal disease (ESRD) was defined as the date 

of repeat kidney transplantation or initiation of dialysis. Doubling of serum creatinine 

was defined as a two-fold increase in serum creatinine (umol/L) relative to baseline and 

was confirmed by two consecutive tests at least 4 weeks apart by a central laboratory. In 

the extended trial, study assessments were performed at 6-month intervals to determine 

if any event of primary composite outcome (doubling of serum creatinine, return to 

dialysis or death) had occurred. Serum creatinine values during the extension phase were 

obtained from trial participant medical records. Laboratory testing and measured GFR 

calculation were not performed during this phase.  

 

2.3 Outcomes 

The original primary outcome of the ACE trial was a time-to-first event composite 

consisting of death, ESRD, and doubling of serum creatinine. For the win ratio, individual 

component endpoints were ranked based on clinical significance in the following order: 1) 

Death, 2) ESRD and 3) Doubling of serum creatinine.  
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2.4 Analysis  

2.4.1 Time-to-event analysis 

Cox proportional hazards regression models were used to adjust for important risk factors 

including: age (years), diabetes (present or absent), time post-transplantation (days), 

measured GFR (per mL/min/1.73m2), donor type (living or deceased), proteinuria (per 

mg/24 h), and serum creatinine (per umol/L). Unadjusted and adjusted Cox proportional 

hazard ratios with corresponding 95% confidence intervals were created to compare the 

time-to-event composite outcome between study groups.  

 

2.4.2 Unmatched win ratio analysis  

The unmatched win ratio approach was conducted in accordance with the original 

methods described by Pocock et al. [7], as illustrated in Fig. 1 & 2 (a matched approach is 

also described however, we decided that individually matching patients in this trial’s 

specific population, and limited sample size, would not be realistic). Each patient in the 

ramipril group (n=103) was paired with every patient in the placebo group (n=109) 

yielding a total of 11,227 pairs. For each pair, it was determined whether the study group 

(ramipril) member ‘won’ or if the control group (placebo) member ‘won’ (Fig 1.) using the 

following methodology (Fig 2.): 

 

 First off, each pair was assessed in terms of time to death, the most clinically significant 

endpoint. If death occurred in both the ramipril and placebo patient, the winner is 

defined as the patient with the longest survival. If only one patient in the pairing has died, 
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the surviving patient was labelled a winner but only if they had equal or greater follow-up 

(Fig 1.). If follow-up was not equal to or greater the comparison was labeled a ‘tie’ and the 

analysis shifted to the next ranked endpoint (Fig 1.). As well, if both patients had not died, 

the pair was labelled a ‘tie’ and the comparison shifted to the second most clinically 

important endpoint, which was ESRD (Fig. 2). Only pairs labelled as ‘ties’, or 

uninformative, for death were assessed for ESRD. The analysis repeated itself in identical 

fashion for ESRD and only pairs labelled as ties for both death and ESRD were assessed on 

doubling of serum creatinine. Finally, the analysis was repeated for doubling of serum 

creatinine until each pair eventually fitted into one of the seven categories:  

 

a) Ramipril patient won on death 

b) Placebo patient won on death 

c) Ramipril patient won on ESRD 

d) Placebo patient won on ESRD 

e) Ramipril patient won on doubling of serum creatinine 

f) Placebo patient won on doubling of serum creatinine  

g) Uninformative (tied on all endpoints) 

 

All 11,227 total pairs were eligible to enter categories a) or b) and as a result, the endpoint 

of death had an inbuilt priority over all other endpoints. Pairs were only classified into 

categories c) or d) if they could not be classified into categories a) or b). In other words, 

pairs only entered categories c) or d) if they were uninformative for the endpoint of 
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patient death. Similarly, patients were only classified into groups e) and f) if they could 

not be entered into categories a), b), c) or d). If it could not be determined if a pair has 

won or lost on any of the endpoints they entered category g) and were labelled 

uninformative (‘ties’). The number of matched pairs in categories a), b), c), d), e), f) and g) 

can be represented as Na, Nb, Nc, Nd, Ne, Nf   and Ng respectively.  

 

The win ratio was then defined as the total number of wins in the ramipril study group 

(Na +  Nc + Ne) divided by the total number of wins in the placebo control group (Nb + Nd 

+ Nf). The win ratio can be thought of as similar to an odds ratio or a hazard ratio. Instead 

of comparing the odds, or the hazard of an event in the study group to the control group, 

the win ratio compares the number of wins in the study group to the control group. Since 

the number of wins is an indicator of positive treatment effect (we want a treatment to 

increase the number of wins) a win ratio above 1 indicates a positive treatment effect, 

while a win ratio below 1 indicates a negative treatment effect. This would be the same of 

an odds ratio or hazard ratio measuring the odds or hazard of a positive outcome. The 

direction of the win ratio depends on how the study and control groups are being 

compared. In this study, we are assessing whether ramipril treatment increases the 

number of wins compared to the placebo group. This is similar to trying to assess whether 

ramipril decreases the event hazard compared to placebo group. A win ratio was 

determined for both the primary and extended trial. Corresponding 95% confidence 

intervals for each win ratio were calculated using bootstrapping [14]. Using bootstrapping, 

a total of one thousand replications were simulated using random sampling with 
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replacement and confidence intervals were determined from this simulation. A win ratio 

is declared statistically significant if tis 95% confidence interval excludes 1. All analyses 

were conducted in R statistical software version 3.3.2. R code to conduct the win ratio 

approach is available from nfergusson09@gmail.com.  

  

3. Results  

In the primary trial, a total of 212 patients were assessed with 109 allocated to placebo and 

103 allocated to ramipril treatment. In the primary trial, mean follow-up was 41 months 

(range 1-48) while in the extended trial mean follow-up was 48 months (range 1-84) The 

groups were well balanced at baseline (Appendix; Table 1).  

 

Using the win ratio approach, a total of 11,227 (109x103) pairs each consisting of one 

placebo and one ramipril patient were assessed. In the primary trial, ramipril treatment 

was associated with a win ratio of 1.21 (95% CI, 0.55-2.59, Table 1). This indicates that 

patients randomized to ramipril treatment won 21% more pairs than patients randomized 

to placebo. The ratio of ramipril wins to placebo wins for the components of death, ESRD, 

and doubling of serum creatinine were 410:840, 640:361, and 414:14 respectively (Table 2) 

with 8,548 (76%) pairs remaining uninformative (‘tied’) at the end of the analysis. 

 

 In the extended trial (mean follow-up 48 months), ramipril treatment was associated 

with a win ratio of 1.02 (95% CI, 0.54-1.83), Table 1). The ratio of ramipril wins to placebo 

wins for the components of death, ESRD, and doubling of serum creatinine were 542:995, 

mailto:nfergusson09@gmail.com
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695:571 and 430:74 respectively (Table 2) with 7,920 (71%) pairs remaining uninformative 

(‘tied’) at the end of the analysis. 

 

In the time-to-event analysis assessing the effect of ramipril treatment on the primary 

composite of death, ESRD, and doubling of serum creatinine yielded unadjusted hazard 

ratios (HR) of 0.76 (95% CI, 0.38-1.51; Table 1) in the primary trial, and 0.97 (95% CI, 0.56-

1.67; Table 1) in the extended trial. The number of events for the primary composite 

outcome and its components for the primary trial and extended trial are listed in Table 2 

& 3 respectively. Adjusted HRs did not differ substantially from unadjusted HRs 

(Appendix; Table 2).  

 

4. Discussion  

Applying the win ratio method for composite outcomes to the ACE trial in kidney 

transplantation yielded comparable results to standard time-to-event analyses while 

taking unequal endpoints into account and not relying on unrealistic statistical 

assumptions such as proportional hazards.   

 

These results are in agreeance with results from a recent application of the win ratio to 

the EVOLVE trial [10] in end-stage renal disease (ESRD) patients with moderate to severe 

secondary hyperparathyroidism (sHPT). The EVOLVE trial was a substantially large trial 

(n=3883) assessing the impact of cinacalcet therapy on a primary composite of death, 

non-fatal myocardial infarction (MI), hospitalization with unstable angina, heart failure 
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or peripheral vascular event [10]. The authors concluded that the win ratio method 

corroborated the conventional time-to-event analysis findings of the EVOLVE trial while 

mitigating issues of unequal endpoints. This approach allows investigators the flexibility 

to modify the order in which endpoints are assessed. The EVOLVE trial was a large-scale 

trial enrolling over 3,000 patients while the majority of trials in nephrology are often 

much smaller in scale [15]. In our analysis, we applied the unmatched win ratio approach 

in a typically sized nephrology trial enrolling kidney transplant recipients. 

 

Compared to a standard time-to-event analysis, the win ratio approach generated 

comparable results. The original primary composite of death, ESRD, and doubling of 

serum creatinine, ramipril treatment was associated with a HR of 0.76 (95% CI, 0.38-1.51) 

and a win ratio of 1.21 (95% CI, 0.55-2.59) in the primary trial. These results are directly 

comparable, as a 24% decrease in hazard is consistent with a 21% increase in wins for 

patients randomized to ramipril treatment, however neither of these results were 

statistically significant. These parallels were seen within the breakdown of the composite, 

as death occurred twice as often in the ramipril group versus placebo group (8 vs. 4), and 

similarly the ramipril group only had half the number of wins as the placebo group (410 

vs. 840). Within the composite, the ramipril group experienced half the amount of ESRD 

events (3 vs. 6) and won twice as often on ESRD (640 vs. 361). For the doubling of serum 

creatinine component, the effect of ramipril was similar in interpretation but different in 

magnitude when comparing the standard time-to-event analysis to the win ratio 

approach. The ramipril group experienced one third of the doubling of serum creatinine 
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events as the placebo group (3 vs. 9), but substantially more wins (414 vs. 14) than the 

placebo group. By prioritizing more clinically significant endpoints of death and ESRD, 

ramipril’s reduction of doubling of serum creatinine events appears to increase however, 

it does not alter the overall win ratio and trial interpretations. Here lies one of the 

strengths of the win ratio, as it derives the bulk of its information from the more clinically 

significant events. The win ratio derived 84% of its information from the endpoints of 

death and ESRD in the primary and extended ACE trial. The win ratio approach 

maximizes data from the more clinically significant endpoints, lessening the concern of 

lesser clinically significant endpoint overpowering the composite.  

 

These interpretations were confirmed in the extended trial, as ramipril treatment was 

associated with a HR of 0.96 (95% CI, 0.55-1.65) and a win ratio of 1.02 (95% CI, 0.54-1.83) 

with respect to the primary composite. Again, results are comparable, as a 4% decrease in 

hazard is consistent with a 2% increase in wins for patients randomized to ramipril. 

Within the composite, the impact of ramipril treatment on death was comparable, 

although slightly amplified using the win ratio approach compared to a time-to-event 

analysis. About 50% more deaths occurred in the ramipril group compared to placebo (12 

vs. 8 deaths) while the ramipril group had half as many wins as the placebo group (542 vs. 

995 wins). On the other hand, the impact of ramipril treatment on ESRD reduction was 

minimized to some degree in the win ratio analysis (695 ramipril vs. 571 placebo wins) 

compared to the time-to-event analysis (4 events vs. 8 events). Lastly, and similar to the 

primary trial results, the effect of ramipril on reducing doubling of serum creatinine 
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events was more pronounced in the win ratio analysis (430 vs. 74 wins) than in the time-

to-event analysis (9 events vs. 11 events). Yet, the overall win ratio derived the bulk of its 

information from the endpoints of higher clinical significance resulting in an overall win 

ratio that indicates no impact of ramipril treatment.   

 

In order to be feasible, kidney transplant trials often have to utilize an endpoint of graft 

function decline, such as a doubling in serum creatinine. Short-term events of death and 

graft failure are scarce, while long term outcomes for kidney transplantation patients 

remain suboptimal with death and graft failure often occurring more than 5 years post-

transplantation [1–3,5,16]. A kidney transplant trial investigating a treatment’s impact on 

death and ESRD over the first several post-transplant years would require a substantial 

sample size and extensive follow-up [1–3,5]. Since the majority of kidney transplant 

treatments, and consequently, trials, target the first 1-3 years post-transplant there is a 

need to increase the short term event rate and improve trial efficiency and as a result 

kidney transplant trials must rely on composites with unequal endpoints [1]. 

 

Death and ESRD are both events that hold a very high level of clinical significance and 

direct patient value. Meanwhile, a doubling of serum creatinine is a surrogate endpoint, 

not a clinical endpoint that a patient may be directly concerned with [5]. It should be 

noted that within the ACE trial’s primary composite outcome there were no major issues 

with the doubling of serum creatinine component overpowering the other components. 

However, in the primary trial, the components of doubling of serum creatinine and ESRD 
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seemed to be trending in the opposite direction of death (more deaths in the ramipril 

group). In the extended trial, the occurrence of a doubling of serum creatinine was nearly 

identical in both groups while ESRD was trending in the opposite direction of death. The 

win ratio approach is preferable in these situations as it maximizes all the information 

available with respect to events of higher clinical significance. In the primary trial, a 

doubling of serum creatinine occurred as the first composite event in 9 (8%) placebo 

patients and 3 (3%) ramipril patients while death occurred as the first composite event in 

4 (4%) placebo patients and 8 (8%) ramipril patients. These components are trending in 

opposite directions and if these endpoints had a similar clinical importance, it would not 

be as much of a concern– simply a ‘trade-off’. Yet, they are not equally significant and it 

would be misleading for events of doubling of serum creatinine to completely cancel out 

events of death. Instead, it would be preferable to assess those patients whose first event 

was a doubling of serum creatinine and see how they fared with respect to death and this, 

in essence, is what the win ratio approach accomplishes. The win ratio approach still 

considers events of doubling of serum creatinine to be significant, as they are strongly 

predictive ESRD and death however, they should be assessed following death and ESRD.  

 

Applied research assessing the impact of using graft function surrogate endpoints in 

kidney transplantation trials is lacking, despite its importance. In this study, the graft 

function endpoint assessed was a doubling of serum creatinine, which corresponds to 

about a 57% decrease in estimated glomerular filtration rate (eGFR) [3]. Recently, the use 

of alternative graft function endpoints such as a t40% or t30% decline in eGFR have been 
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validated in the chronic kidney disease (CKD) [2] and kidney transplant population [1]. If 

these lesser declines in eGFR can lead to a greater increase in short-term events while 

maintaining surrogacy and similar treatment effects, they may present an appealing way 

of improving trial feasibility [1,2,5]. It is here that the win ratio approach may be 

particularly useful, as it limits the impact of unequal composite components but still 

includes them to increase the trial event rate.  

 

An additional strength of the unmatched win ratio approach is that, unlike a 

conventional time-to-event analysis, it does not depend on the often-unrealistic 

assumption of proportional hazards [17,18]. Assuming proportional hazards can often be 

questionable, particularly when follow-up extends over several years [17,18]. The win ratio 

amplifies the impact of these events and so the uncertainty observed in these endpoints is 

reflected in the confidence intervals. In general, the confidence level surrounding the win 

ratio was comparable to that of the hazard ratio and consequently there was no 

indication of a significant reduction of statistical power. Limitations of win ratio approach 

should be noted, including the current lack of a priori statistical power calculations for 

the win ratio. Kidney transplant trials can still utilize conventional time-to-event analyses 

while also incorporating the unmatched win ratio approach, particularly if using a 

composite with unequal component endpoints. An additional limitation is the inability to 

easily control for covariates however, within a randomized trial setting this should not be 

concerning. Further, the win ratio approach can be stratified on factors believed to be 

significant as illustrated in the EVOLVE trial [10].  
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5. Conclusion 

In this study, we investigated the impact of using the win ratio method on the primary 

composite outcome of the ACE trial. With respect to the impact of ramipril treatment on 

the time-to-first-event composite outcome of death, ESRD, and doubling of serum 

creatinine, the win ratio was directly comparable to a hazard ratio produced with 

standard time-to-event analyses. We applied the win ratio to explain and illustrate its 

methodology within kidney transplant trials. Within a kidney transplant trial setting, the 

win ratio method is able to reproduce time-to-event results while taking into account the 

relative clinical significance of endpoints and minimizing unrealistic statistical 

assumptions. Going forward, the win ratio approach may offer an optimized way of 

analyzing kidney transplant trials and its utility should be further explored.  
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Study group wins Control group wins ‘Ties’ (uninformative) 

R 

P 

R 

R 

P 

R 

R 

P 

R 

P P P 

Placebo member has an event.  
Ramipril member does not, and 
follow-up is equal to or greater 

Ramipril member has an event.  
Placebo member does not, and 
follow-up is equal to or greater 

Placebo member has an event.  
No event in ramipril member, but 
follow-up is not equal to or greater 

Ramipril member has an event.  
No event in placebo member, but 
follow-up is not equal to or greater 

Both have an event.  
Ramipril member experienced event 
last (longest event-free survival) 

Both have an event.  
Placebo member experienced event 
last (longest event-free survival) 
 

R 

P 
Neither member has an event 

R: pair member randomized to ramipril (study group), P: pair member randomized to placebo (placebo group) 
: follow-up period from participant’s first day in the trial until trial completion or trial exit (not due to an outcome event) 
: Event 

Figure 1. Win ratio scenarios. Potential scenarios for determining whether the study (ramipril) or control (placebo) group pair member 
won for a particular endpoint. The most clinically significant endpoint of death would be assessed first. Only pairs classified as 
uninformative for death would be assessed for ESRD. Similarly, only pairs classified as uninformative for both death and ESRD would be 
assessed for doubling of serum creatinine. Table adapted from Pocock et al. [7] & Abdalla et al. [10]. 
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1)   Assess each pair for death 

Uninformative (tie) 

Ramipril pair member ‘wins’ on death 

2)  Assess each tied pair for ESRD 

3) Assess each tied pair for  
doubling of serum creatinine 

Uninformative (tie) 

Study group win 

Uninformative (tie) 

Figure 2. Win ratio process. Schematic illustrating the win ratio method. All pairs (n=11,227) are initially assessed on the 
endpoint of death. Pairs uninformative on death are then assessed on ESRD, and pairs remaining uninformative on ESRD are 
finally assessed on doubling of serum creatinine. Pairs remaining uninformative on doubling of serum creatinine are labelled 
uninformative. The win ratio is the total number of study group wins divided by control group wins. 

Placebo pair member ‘wins’ on death Control group win 

Ramipril pair member ‘wins’ on ESRD Study group win 

Placebo pair member ‘wins’ on ESRD Control group win 

Ramipril pair member ‘wins’ on doubling 
of serum creatinine 
 

Study group win 

Placebo pair member ‘wins’ on doubling 
of serum creatinine 

Control group win 
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  Win Ratio Approach Time-to-event Analysis  
Win Ratioa 

(95% CI) 
Inverse Win Ratio 

(95% CI) 
Hazard Ratiob 

(95% CI) 

Primary Trial  
(mean follow-up 41 mo.) 

   

Composite of death, ESRD, & doubling 
of serum creatinine 1.21 (0.55-2.59) 0.83 (0.40-1.68) 0.76 (0.38-1.51) 

Extended Trial 
(mean follow-up 48 mo.) 

   

Composite of death, ESRD, & doubling 
of serum creatinine 1.02 (0.54-1.83) 0.98 (0.53-1.75) 0.96 (0.55-1.65) 

Table 1. Composite outcome results using the win ratio method versus a standard time-to-event analysis in the primary and extended trial.  

 

a Win ratio greater than 1 indicates a positive treatment effect, while a win ratio less than 1 indicates a negative treatment effect. 
b Hazard ratio less than 1 indicates a positive treatment effect, while a hazard ratio greater than 1 indicates a negative treatment effect. 
ESRD=end-stage renal disease, defined as either return to dialysis or repeat transplantation.  
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  Time-to-event Analysis Win Ratio Approach 

  Events 
Placebo  
(n=109) 

Events  
Ramipril 
(n=103) 

Hazard Ratio 
(95% CI) 

Events 
Placebo 
 (n=109) 

Events 
Ramipril 
(n=103) 

 
Wins 

Ramipril 
 

Wins 
Placebo Win ratio (95% CI) 

Primary Trial  
(mean follow-up 41 mo.) 

Primary compositeb:      
   

Death 4 8  5 9 410 840 
 

ESRD 6 3  9 6 640 361 
 

Doubling of serum creatinine 9 3  9 5 414 14 
 

Totala 19 14 0.76 (0.38-1.51) 23c 20c 1,464 1,215 1.21 (0.55-2.59) 

Extended Trial  
(mean follow-up 48 mo.) 

Primary compositeb:         

Death 8 12  11 14 542 995  
ESRD 8 4  12 11 695 571  

Doubling of serum creatinine 11 9  12 13 430 74  
Totala 27 25 0.96 (0.55-1.65) 35c 38c 1,667 1,640 1.02 (0.54-1.83) 

Table 2. Breakdown of primary and extended trial results from the time-to-event and win ratio analyses 

 

a Only the first event per patient is included in the total for each composite.  
bNote that events for each composite component are only included if it was the first event. 
c Note that the win ratio approach does not necessarily utilize all events that have occurred but it is able to if needed. It is not reliant on only 
the first occurrence.  
ESRD=end-stage renal disease, defined as either return to dialysis or repeat transplantation.  
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APPENDIX  
 

Table 3. Baseline characteristics from the Canadian ACE inhibitor in transplant trial 

 Placebo (n=109) Ramipril (n=103) 

Age (years) 54.5 (11.4) 52.4 (13.3) 
Sex   

Women 29 (27%) 32 (31%) 
Men 80 (73%) 71 (69%) 

BMI (kg/m2) 29.5 (7.4) 29.3 (6.5) 
Ethnic Origin   

White 88 (81%) 88 (85%) 
Black 3 (3%) 5 (5%) 
Asian 9 (8%) 4 (4%) 
Other 9 (8%) 6 (6%) 

Medical History   
Hypertension 101 (93%) 97 (94%) 

Hyperlipidemia 74 (68%) 67 (65%) 
Diabetes 42 (39%) 48 (47%) 

Angina 15 (14%) 12 (12%) 
PCI or CABG 13 (12%) 14 (14%) 

Myocardial infarction 10 (9%) 6 (6%) 
Peripheral vascular disease 4 (4%) 11 (11%) 

Congestive heart failure 11 (10%) 2 (2%) 
TIA or stroke 5 (5%) 4 (4%) 

Cancer 24 (22%) 19 (18%) 
Current Smoker 20 (18%) 16 (16%) 

Primary Cause of renal disease   
Glomerulonephritis 24 (22%) 24 (23%) 

Diabetes mellitus 19 (17%) 23 (22%) 
Polycystic kidney disease 9 (8%) 10 (10%) 

Hypertension 13 (12%) 6 (6%) 
Other 36 (33%) 34 (33%) 

Unknown 8 (7%) 6 (6%) 
Type of donor   

Living 45 (41%) 47 (46%) 
Deceased 64 (59%) 56 (54%) 

Primary transplant 96 (88%) 89 (86%) 
Immunosuppression   

Prednisone 101 (93%) 92 (89%) 
Tacrolimus 59 (54%) 60 (58%) 

Cyclosporine 40 (37%) 29 (28%) 
Mycophenolate mofetil or sodium 83 (76%) 80 (78%) 

Azathioprine 22 (20%) 12 (12%) 
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Sirolimus 7 (6%) 13 (13%) 
Antihypertensive use   

Calcium channel blocker 63 (58%) 59 (57%) 
Beta-blocker 59 (54%) 58 (56%) 

Diuretic 34 (31%) 32 (31%) 
Alpha-blocker 8 (7%) 6 (6%) 

Vasodilator 1 (1%) 6 (6%) 
Other drugs   

Aspirin 33 (30%) 32 (31%) 
Clopidogrel 2 (2%) 3 (3%) 

Warfarin 7 (6%) 8 (8%) 
Statin 77 (71%) 66 (64%) 

Fibrate 0 2 (2%) 
Ezitimibe 3 (3%) 1 (1%) 

Measured DTPA GFR (mL/min) 65.1 (27.6) 65.9 (25.0) 
Corrected (mL/min/1.73m2) 58.6 (24.1) 59.8 (21.9) 

Blood pressure   
Systolic blood pressure (mm Hg) 135 (17) 135 (16) 

 
Diastolic blood pressure (mm Hg) 78 (10) 77 (9) 

<130/80 32 (29%) 35 (34%) 
Serum potassium (mmol/L) 4.3 (0.5) 4.3 (0.6) 
Serum creatinine (umol/L) 142 (54) 138 ( 51) 

Hemoglobin (g/L) 129 (17) 131 (14) 
Proteinuria (mg per day) 400 (270-720) 430 (270-813) 

Data are mean (SD), n (%), or median (IQR). PCI = percutaneous coronary  
intervention. CABG = coronary artery bypass grafting. DTPA GFR = glomerular  
filtration rate measured using 99mtechnetium-diethylene triamine pentacetate 

        Table adapted from Knoll et al. [12] 
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  Win Ratio Approach Time-to-event Analysis  
Win Ratioa 

(95% CI) 
Inverse Win Ratio 

(95% CI) 

Adjustedb  
Hazard Ratioc 

(95% CI) 

Primary Trial  
(mean follow-up 41 mo.) 

   

Composite of death, ESRD, and doubling of 
serum creatinine 1.21 (0.55-2.95) 0.83 (0.40-1.68) 0.85 (0.41-1.77) 

Extended Trial 
(mean follow-up 48 mo.) 

   

Composite of death, ESRD, and doubling of 
serum creatinine 1.02 (0.55-1.95) 0.98 (0.53-1.75) 0.97 (0.56-1.68) 

Table 4. Composite outcome results using the win ratio method versus a standard time-to-event analysis in the primary and extended trial.  

 

a Win ratio greater than 1 indicates a positive treatment effect, while a win ratio less than 1 indicates a negative treatment effect. 
b Cox proportional hazards were adjusted for the following variables: age (years), diabetes (present or absent), time post-transplantation 
(days), measured GFR (per mL/min/1.73 m2), donor type (living or deceased), proteinuria (per mg/24 h), and serum creatinine (per P mol/L). 
cAdjusted Hazard ratio less than 1 indicates a positive treatment effect, while an adjusted hazard ratio greater than 1 indicates a negative 
treatment effect. 
ESRD=end-stage renal disease, defined as either return to dialysis or repeat transplantation.  
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CHAPTER 5: DISCUSSION 
 
 

Summary  
 
 
This thesis project investigated the use of alternative graft function endpoints and 

analysis techniques within the setting of a kidney transplant trial. The current issues 

regarding kidney transplant trial feasibility and interpretation were first discussed in 

Chapter 1. Detailed background information regarding the field of kidney transplantation 

trials and the ACE trial specifically was presented in Chapter 2. A secondary analysis of 

the ACE trial using alternative eGFR decline endpoints was conducted and the impact of 

these endpoints on ACE trial results, interpretations, and conclusions was discussed 

(Chapter 3, Manuscript 1). Next, an alternative analysis technique, the win ratio approach, 

was applied to the ACE trial in order to determine the statistical impact and whether this 

approach alters the results, interpretations, and conclusions of ACE trial (Chapter 4, 

Manuscript 2). This discussion will highlight novel findings, strengths and limitations, 

dissemination, and future directions of this project.  

 
Novel Findings 
 
 
To the best of our knowledge, this is the first-time endpoints of lesser eGFR decline (e.g. 

t40%, t30%, or t20%) have been applied and investigated in a kidney transplant trial. 

The potential of these endpoints to increase the short-term event rate of kidney trials 

seem promising however, statistical power can only be increased if these lesser eGFR 

decline endpoints are in fact valid surrogates and maintain similar treatment effects to a 
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doubling of serum creatinine. Within the ACE trial, ACE-inhibitor treatment (ramipril) 

was not associated with any statistically significant differences on any of the secondary 

composites. The use of composites incorporating eGFR declines of t40%, t30%, or t20%, 

produced similar results as the original trial composite– reconfirming ACE trial results, 

interpretations, and conclusions.  

 

The win ratio approach for unequal endpoints was developed in cardiology trials (7) and 

later applied to the EVOLVE trial in end-stage-renal disease (ESRD) (9). This approach 

had yet to be applied in kidney transplant trials, where composites of unequal endpoints 

are commonly used. The application of the win ratio approach to the ACE trial’s primary 

composite did not alter the results, interpretations, or conclusions. However, this 

approach does maximize data from endpoints of higher clinical significance and reduces 

the probability of a less significant endpoint masking important treatment effects. 

Further, the win ratio approach does not rely on unrealistic statistical assumptions, such 

as proportional hazards.   

 
Limitations 
 
 
There are several limitations of this thesis project that are worth discussing. These 

limitations have been previously discussed in Chapter 3 (Manuscript 1) and Chapter 4 

(Manuscript 2) and will be summarized in this section.  
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Limitations of the ACE trial secondary analysis (Manuscript 1) include the inability to 

confirm events of percentage eGFR decline, as these events were determined post-hoc. 

There may be limitations with respect to generalizability as the ACE trial enrolled high 

risk transplant recipients with proteinuria. Furthermore, within the ACE trial, ACE-

inhibitor treatment was expected to have an impact of kidney function decline however, 

that may not be case for other interventions. Depending on the treatment being assessed, 

graft function decline endpoints may be inappropriate. Additionally, the lack of any clear 

treatment effect within the ACE trial made it impossible to assess whether treatment 

effects on the doubling of serum creatinine endpoint were mirrored in the lesser eGFR 

percentage decline endpoints.  

 

Limitations of the win ratio approach utilized in Manuscript 2 include the inability to 

perform apriori statistical power calculations for the win ratio. However, if the win ratio 

approach is utilized in complementation with a standard time-to-event analysis, a priori 

power calculations can be based on the time-to-event analysis. An additional limitation of 

this approach is the inability to easily control for covariates yet, with randomization this 

should not be pertinent. Further, the win ratio approach can be stratified on factors 

believed to be significant as illustrated in the EVOLVE trial (9).  
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Future Directions 
 
 
The next steps of this research include an application of the win ratio approach to the 

composites incorporating lesser eGFR declines (t40%, t30%, or t20%) that were 

constructed in the secondary analysis (Manuscript 1). Based on the results of this 

secondary analysis, there appears to significant concerns of disproportionality as these 

lesser eGFR declines seem to drive the composite outcome and overpower the other 

components of death and ESRD. Our secondary analysis results indicated that within the 

ACE trial, if a time-to-event composite of t30% eGFR decline, ESRD, and death were 

used, more than 75% of the information would stem from the t30% eGFR component. 

The win ratio approach offers the ability reduce the impact of the eGFR decline 

component and maximize the information derived from ESRD and death components. If 

kidney transplant trials begin to adopt the use of lesser percentage eGFR decline 

endpoints within their composites, the win ratio approach may be highly useful. This 

study will offer crucial guidance and information on this developing topic.   

 
Dissemination 
 
 
The concept of this thesis project was presented at the annual uOttawa School of 

Epidemiology and Public Health Student Research Day in March, 2016. In the following 

year, preliminary results of this thesis project were presented at the uOttawa School of 

Epidemiology and Public Health, Student Research Day in March, 2017. Additionally, 

preliminary results were presented at the OHRI Centre for Transfusion Research meeting 
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in April, 2017. I plan on presenting results from this thesis project at several upcoming 

conferences in nephrology, kidney transplantation, and clinical trials.  

 

This thesis project has produced at least 2 manuscripts that have been, or will be, 

submitted for publication in peer-reviewed journals in 2017. An additional third 

manuscript is currently being drafted:  

 

1) NA Fergusson, T Ramsay, M Chassé, SW English, GA Knoll. The impact of using 

alternative graft function endpoints in kidney transplantation trials: A secondary 

analysis of the ACE trial 

 

2) NA Fergusson, T Ramsay, M Chassé, SW English, GA Knoll. The win ratio approach 

for unequal composite endpoints: An application to the ACE trial in kidney 

transplantation 

 

3) NA Fergusson, T Ramsay, M Chassé, SW English, GA Knoll. The win ratio approach 

for composites using eGFR decline as an endpoint (currently being drafted) 

 

 

 
 
 



  Fergusson, N.A. 
 

   
 

80 

 
Conclusion  
 
 
In conclusion, alternative endpoints of lesser eGFR decline (e.g. t40%, t30%, or t20%) 

did noticeably increase the event rate of the ACE trial’s primary composite but, they did 

not alter ACE trial results, interpretations, or conclusions. In all composites assessed, 

ramipril treatment was not associated with any statistically significant differences 

compared to placebo.  Additionally, the use of an alternative analysis technique, the win 

ratio approach, when applied to the ACE trial’s primary composite outcome did not alter 

trial results, interpretations, or conclusions. However, this approach did lessen concerns 

of unequal composite endpoints by maximizing data from endpoints of higher clinical 

significance and reducing the probability of a less significant endpoint masking 

significant treatment effects. As trials in kidney transplantation continue exploring the 

use of lesser eGFR decline endpoints, the win ratio approach may become a valuable 

analysis tool.    
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APPENDICES 
 
 
Appendix 1- Original Publication of the ACE Trial  
 
Additional File 1: The following is the original publication of the ACE trial in The Lancet, 
Diabetes & Endocrinology.  
 
Reference:  
 
Knoll GA, Fergusson D, Chasse M, Hebert P, Wells G, Tibbles LA, et al. Ramipril versus 

placebo in kidney transplant patients with proteinuria: a multicentre, double-
blind, randomised controlled trial. The Lancet Diabetes & Endocrinology. 
2016;4(4):318–26 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



www.thelancet.com/diabetes-endocrinology   Published online October 23, 2015   http://dx.doi.org/10.1016/S2213-8587(15)00368-X 1

Articles

Ramipril versus placebo in kidney transplant patients with 
proteinuria: a multicentre, double-blind, randomised 
controlled trial
Greg A Knoll*, Dean Fergusson*, Michaël Chassé, Paul Hebert, George Wells, Lee Anne Tibbles, Darin Treleaven, David Holland, Christine White, 
Norman Muirhead, Marcelo Cantarovich, Michel Paquet, Bryce Kiberd, Sita Gourishankar, Jean Shapiro, Ramesh Prasad, Edward Cole, 
Helen Pilmore, Valerie Cronin, Debora Hogan, Tim Ramsay, John Gill

Summary
Background Angiotensin-converting enzyme inhibitors have been shown to reduce the risk of end-stage renal disease 
and death in non-transplant patients with proteinuria. We examined whether ramipril would have a similar beneficial 
effect on important clinical outcomes in kidney transplant recipients with proteinuria.

Methods In this double-blind, placebo-controlled, randomised trial, conducted at 14 centres in Canada and New Zealand, 
we enrolled adult renal transplant recipients at least 3-months post-transplant with an estimated glomerular filtration 
rate (GFR) of 20 mL/min/1·73m² or greater and proteinuria 0·2 g per day or greater and randomly assigned them to 
receive either ramipril (5 mg orally twice daily) or placebo for up to 4 years. Patients completing the final 4-year study 
visit were invited to participate in a trial extension phase. Treatment was assigned by centrally generated randomisation 
with permuted variable blocks of 2 and 4, stratified by centre and estimated GFR (above or below 40 mL/min/1·73 m²). 
The primary outcome was a composite consisting of doubling of serum creatinine, end-stage renal disease, or death in 
the intention-to-treat population. The principal secondary outcome was the change in measured GFR. We ascertained 
whether any component of the primary outcome had occurred at each study visit (1 month and 6 months post-
randomisation, then every 6 months thereafter). This trial is registered with ISRCTN, number 78129473.

Findings Between Aug 23, 2006, and March 28, 2012, 213 patients were randomised. 109 were allocated to placebo and 
104 were allocated to ramipril, of whom 109 patients in the placebo group and 103 patients in the ramipril group were 
analysed and the trial is now complete. The intention to treat population (placebo n=109, ramipril n=103) was used for 
the primary analysis and the trial extension phase analysis. The primary outcome occurred in 19 (17%) of 109 patients 
in the placebo group and 14 (14%) of 103 patients in the ramipril group (hazard ratio [HR] 0·76 [95% CI 0·38–1·51]; 
absolute risk difference –3·8% [95% CI –13·6 to 6·1]). With extended follow-up (mean 48 months), the primary 
outcome occurred in 27 patients (25%) in the placebo group and 25 (24%) patients in the ramipril group (HR 0·96 
[95% CI 0·55–1·65]); absolute risk difference: –0·5% (95% CI –12·0 to 11·1). There was no significant difference in 
the rate of measured GFR decline between the two groups (mean difference per 6-month interval: –0·16 mL/min/1·73m² 
(SE 0·24); p=0·49). 14 (14%) of patients died in the ramipril group and 11 (10%) in the placebo group, but the 
difference between groups was not statistically significant (HR 1·45 [95% CI 0·66 to 3·21]). Adverse events were more 
common in the ramipril group (39 [38%]) than in the placebo group (24 [22%]; p=0·02).

Interpretation Treatment with ramipril compared with placebo did not lead to a significant reduction in doubling of 
serum creatinine, end-stage renal disease, or death in kidney transplant recipients with proteinuria. These results do 
not support the use of angiotensin-converting enzyme inhibitors with the goal of improving clinical outcomes in this 
population.

Funding Canadian Institutes of Health Research.

Introduction
Although a major therapeutic advance, kidney 
transplantation leaves many patients with complications 
of chronic kidney disease such as proteinuria, hyper-
tension, and anaemia.1 Depending on the definition, 
proteinuria occurs in up to 45% of kidney transplant 
recipients and is strongly associated with graft loss, 
cardiovascular disease, and death.2 In non-transplant 
patients with proteinuria, treatment with angiotensin-
converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARBs) is recommended because these 

drugs reduce the risk of clinically important outcomes, 
such as doubling of serum creatinine, kidney failure, or 
death.3

In kidney transplant recipients, evidence supporting 
the use of ACE inhibitors or ARBs for proteinuric chronic 
kidney disease is lacking. Two observational studies have 
shown conflicting results, with one showing clear benefit4 

and the other finding no benefit5 with use of ACE 
inhibitors or ARBs with respect to patient or graft survival. 
Systematic reviews reported that ACE inhibitors or ARBs 
were associated with a significant reduction in 
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proteinuria, glomerular filtration rate (GFR), and 
haemoglobin concentration in kidney transplant patients, 
but there was insufficient evidence regarding the effect 
on patient or graft survival.6–8 To determine if ACE 
inhibitors are effective at improving important clinical 
outcomes, we aimed to compare ramipril with placebo in 
kidney transplant recipients with proteinuria.

Methods
Study design and participants
In this multicentre, double-blind, randomised, placebo-
controlled trial conducted at 14 academic centres in 
Canada and New Zealand, we initially included renal 
transplant recipients who were at least 6 months post-
transplantation with an estimated GFR (eGFR) between 
20 mL/min/1·73m² and 55 mL/min/1·73m² (calculated 
with the Modification of Diet in Renal Disease study 
equation) and proteinuria 0·2 g per day or greater. To 
increase enrolment, the protocol was amended on 

Feb 25, 2008 (58 participants had been randomised up to 
this point) to include recipients who were at least 3 months 
post-transplant with an eGFR 20 mL/min/1·73m² or 
greater. We excluded patients for the following reasons: 
unable to provide informed consent; younger than 
18 years old; pregnant; angio-oedema from an ACE 
inhibitor or ARB or other known reaction to an ACE 
inhibitor (such as rash, neutropenia, or cough); serum 
potassium greater than 5·5 mmol/L on two or more 
occasions in the preceding 3 months for those not on an 
ACE inhibitor or ARB or serum potassium greater than 
5·9 mmol/L on two or more occasions in the preceding 
3 months for those on an ACE inhibitor or ARB; left 
ventricular dysfunction that required an ACE inhibitor or 
an ARB; severe comorbidity with life expectancy less than 
3 months; immuno suppressive drug that changed within 
3 months before study entry; acute coronary syndrome, 
stroke, or transient ischaemic attack in the 3 months 
before the study entry; currently on an ACE inhibitor or an 

Research in context

Evidence before this study
We searched MEDLINE (1966, and February, 2005) and the 
Cochrane Library (2004, issue 3) for literature examining 
renin–angiotensin system blockade in kidney transplantation 
with the following search terms: “kidney transplantation”, 
“Angiotensin II”, “Receptors, Angiotensin” and “Angiotensin 
Converting Enzyme Inhibitors” as well as the names of all 
known ACE inhibitors and angiotensin II receptor blockers 
(eg, ramipril, losartan), and identified 22 randomised 
controlled trials and no systematic reviews or meta-analyses. 
13 of 22 trials were crossover studies and nine were parallel-
group design. The trials were small with a median sample size 
of 17 for the crossover trials and 37 for the parallel group trials. 
The treatment duration was short with a median of only 
4 weeks for the crossover trials and 12 months for the 
parallel-group trials. Most of the studies were designed to 
measure changes in surrogate markers such as blood pressure 
or haemoglobin; none were designed to assess important 
clinical outcomes such as transplant failure or death. We 
published this systematic review in 2007 (Hiremath et al, 
2007). Since then, two other systematic reviews have been 
published. One review examined early (<12 weeks 
post-transplant) use of ACE inhibitors (Jennings et al, 2008). 
They concluded that ACE-inhibitors were safe soon after 
transplant, but no long-term data were available for clinical 
outcomes such as patient or graft survival. The other review 
was done by the Cochrane Renal Group and examined all 
classes of antihypertensives in kidney transplantation 
(Cross et al, 2009). Similar to our review, they noted that ACE 
inhibitors significantly reduced proteinuria, but also reduced 
glomerular filtration rate and haemoglobin. Patient or graft 
survival was reported in only five trials and there were too few 
events (eg, only five deaths across four trials) to draw any firm 
conclusions. Thus, the trials so far have been restricted by 

small sample size or short duration, have focused on 
surrogates rather than clinically important endpoints 
(eg, transplant failure), or have not studied a population likely 
to benefit from ACE inhibitors such as those with proteinuria. 
These findings emphasise the need for long-term trials 
examining clinically relevant patient-important outcomes in 
kidney transplant recipients with proteinuria.

Added value of this study
Our study is the first randomised trial, to our knowledge, 
specifically designed to assess the effect of ACE inhibitors on 
long-term, patient-important outcomes in kidney transplant 
recipients with proteinuria. We have shown that treatment 
with ramipril does not reduce the risk of doubling serum 
creatinine, end-stage renal disease, or death in this population. 
Even with extended follow-up past 4 years, the absolute 
difference between the groups was only 0·5%, suggesting that 
if any effect is present, its magnitude is likely small. Another 
important finding was the absence of benefit of ramipril with 
respect to preservation of GFR.

Implications of all the available evidence
Despite robust evidence that ACE inhibitors can reduce the risk 
of clinically important outcomes in non-transplant patients 
with proteinuria, our findings suggest that these drugs do not 
have similar efficacy in the kidney transplant population. 
Differences could be due to the fact that post-transplant 
proteinuria is multifactorial in nature, whereas non-transplant 
trials included more homogenous populations (eg, all patients 
with diabetes). Future research might need to focus on select 
transplant patients, such as those with recurrent 
glomerulonephritis, to determine if ACE inhibitors have a role 
in managing post-transplant proteinuria in certain patient 
populations.
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ARB and patient or physician unwilling to stop the drug; 
acute rejection episode in the 3 months before study entry; 
and currently taking four or more antihypertensives and 
have an average blood pressure over three previous visits 
of greater than 150/100.

Trial conduct and participant safety were overseen by a 
data safety monitoring board that reviewed the data every 
6 months. Clinical coordination, data management, and 
statistical analyses were done by the Clinical Epi-
demiology Program at the Ottawa Hospital Research 
Institute (Ottawa, ON, Canada). The trial protocol is 
published9 and available in the appendix. The study was 
approved by the local research ethics board at every 
participating institution and all patients gave written 
informed consent. The study was designed by the 
authors, who vouch for the accuracy and completeness of 
the data and for the fidelity of this report to the study 
protocol. No one who is not an author contributed to the 
writing of the report. The trial and is registered with 
ISRCTN, number 78129473.

Randomisation and masking
Treatment was randomly assigned (1:1) by centrally 
generated randomisation with permuted variable blocks 
of 2 and 4, stratified by centre and eGFR (above or below 
40 mL/min/1·73 m²). Treatment allocation was concealed 
from physicians, nurses, investigators, and research staff 
to prevent selection bias. An independent statistician 
prepared the randomisation schedule. Only the 
independent statistician and a designated research 
pharmacist at the coordinating centre had knowledge of 
the randomisation schedule. We reencapsulated ramipril 
to be identical in appearance to the placebo capsule. 
Physicians, nurses, investigators, and research staff were 
masked to administered treatments.

Procedures
Eligible patients entered a 2-week open-label trial of oral 
ramipril 5 mg daily. If tolerated, we randomised patients 
to receive ramipril or placebo capsule for up to 4 years 
(oral 5 mg daily for 2 weeks and then 5 mg oral twice 
daily thereafter). Study visits occurred at randomisation, 
1 month, 6 months, and every 6 months thereafter until 
trial completion. At every visit, haemoglobin, serum 
creatinine, and serum potassium concentrations were 
measured and we ascertained whether any component of 
the primary outcome had occurred. At each study visit 
(except the 1 month visit), we measured GFR with 
radiolabelled ⁹⁹mtechnetium-DTPA (⁹⁹mTc-DTPA); 24-h 
urine protein; and quality of life score with the short-
form 36. We recommended that blood pressure and 
dyslipidaemia be managed according to published 
guidelines.10,11 Specifically, the target blood pressure for 
all participants was less than 130/80. Investigators could 
use any drug to control blood pressure except those that 
blocked the renin–angiotensin system (eg, ACE 
inhibitors). We also recommended that centres follow 

usual care practices for the management of immuno-
suppression, diabetes, and cardiovascular risk reduction 
strategies such as weight loss, smoking cessation, and 
aspirin use. We ascertained whether patients should be 
in the per-protocol analysis based on the medications 
recorded on the case report forms—for example, if the 
study drug was stopped and they were placed on an ACE 
inhibitor by their physician, they were excluded from the 
per-protcol analysis

We invited all patients that completed the final 4-year 
study visit to participate in a non-prespecified trial 
extension phase, in which masking was maintained and 
patients could be followed for up to a maximum of 
48 additional months. For this phase of the trial, a second 
informed consent was signed. Assessments were done at 
6-month intervals to determine the primary outcome had 
occurred. Serum creatinine values during this phase 
were obtained from medical records. Study-mandated 
laboratory testing and measured GFR were not done 
during the trial extension phase. Apart from components 
of the primary outcome, adverse events were not recorded 
during the extension phase.

Outcomes
The primary outcome was a composite measure 
consisting of a doubling of serum creatinine, end-stage 
renal disease, or death. Doubling of serum creatinine 
was confirmed by two consecutive tests at least 4 weeks 
apart at our central laboratory. End-stage renal disease 
was defined as the date of repeat kidney transplantation 
or initiation of dialysis. The principal secondary outcome 
was the change in measured GFR (⁹⁹mTc-DTPA).12 Other 
secondary outcomes included quality of life, proteinuria, 
blood pressure, cardiovascular events, admissions to 
hospital, hyperkalaemia, and haemoglobin concentration.

Statistical analysis
We estimated that 528 patients would be needed for the 
trial to have 80% power to detect a 12% absolute 
difference in the occurrence of the primary endpoint at 
4 years. The underlying assumptions for this estimate 
are reviewed in detail in our trial protocol.9 Briefly, we 
assumed the following: a placebo group 4-year survival 
(freedom from the primary endpoint) of 70%; a 2-year 
accrual period; a 4-year study duration; a two-sided 
α=0·05; and a 5% non-compliance rate. The original trial 
duration was 4 years with follow-up ranging between 
2 years and 4 years depending on time of randomisation. 
Because of slower than expected recruitment, we 
extended follow-up to 4 years for all participants to 
increase statistical power.

We analysed the primary trial according to the 
prespecified plan in the trial protocol (appendix) and 
included all data up to 48 months post-randomisation. In 
the extension phase, the primary trial analysis was 
supplemented with the use of all available follow-up data. 
We did all analyses, including the analysis of the extension 

See Online for appendix
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phase, based on the intention-to-treat principle. We used a 
non-parametric log-rank test, stratified by centre, to 
compare the time to occurrence of the primary outcome 
between ramipril and placebo groups. We constructed 
Kaplan-Meier survival curves to visually assess the 
incidence of the primary composite outcome and mortality 
by group over time. A Cox proportional hazards regression 
model was used for the primary outcome to adjust for 
important risk factors: age (years), diabetes (present or 
absent), time post-transplantation (days), measured GFR 
(per mL/min/1·73m²), donor type (living or deceased), 
proteinuria (per mg/24 h), and serum creatinine 
(per μmol/L). Cox proportional hazard ratios with 
corresponding 95% CIs were calculated for each of the 
individual items of the primary outcome. The secondary 
outcomes were compared with mean differences for 
continuous outcomes or risk ratios for dichotomous 
variables. The continuous secondary endpoints (measured 
GFR, serum creatinine, blood pressure, proteinuria, and 
haemoglobin) were also analysed with generalised linear 
regression models to assess differences between groups 
and compare changes over time. Exploratory analyses were 
done on the following clinically important subgroups: age, 
sex, diabetes, blood pressure, measured GFR, and 
proteinuria. We also did a per-protocol analysis that only 

included patients who remained on their allocated 
treatment throughout the entire study period. All tests of 
statistical inference reflect a 2-sided α=0·05. Analyses were 
done with SAS (version 9.4; SAS Institute, Cary, NC, USA).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between Aug 23, 2006, and March 28, 2012, 213 patients 
were randomised. 109 were allocated to placebo and 
104 were allocated to ramipril, of whom 109 and 
103 patients, respectively, were analysed. The trial was 
terminated due to resource constraints. The main reasons 
for screen failures were insufficient proteinuria (n=45) and 
patient (n=23) or physician (n=14) refusal to continue with 
the study (figure 1). In the extension phase, 43 (80%) of 
54 eligible patients in the placebo and 38 (78%) of 49 eligible 
patients in the ramipril group participated. Mean follow-
up was 41 months (range 1–48) in the primary trial and 
48 months (1–84) in the extension phase. There were 8826 
patient-months of follow-up time in the primary trial and 
10 176 patient-months by the end of the extension phase.

The groups were well balanced at baseline (table 1). 
A third of patients were women and 176 (83%) were white. 
Hypertension was present in 198 (93%), 90 (42%) had 
diabetes, and proteinuria was similar between the groups. 
Dose reductions occurred in 14 (14%) of 103 in the ramipril 
group and seven (6%)of 109  in the placebo group (p=0·11).

In the ramipril group, 31 patients permanently 
discontinued the study drug a mean of 410 days (SD 140) 
post-randomisation, with 15 patients stopping at a 
timetpoint beyond year 1 (14 patients’ decision, 
8 physicians’ decision, 9 adverse events). In the placebo 
group, 30 patients permanently discontinued study drug 
a mean of 651 days (SD 389) post-randomisation, with 
23 patients stopping beyond year 1 (11 patients’ decision, 
17 physician’s decision, 2 adverse events; appendix p 4).

The primary endpoint occurred in 19 patients (17%) in 
the placebo group and 14 patients (14%) in the ramipril 
group (hazard ratio [HR] 0·76 [95% CI 0·38–1·51]; 
table 2) The time to occurrence of the primary outcome 
did not differ significantly between the groups (log-rank 
p=0·44; appendix p 7). After adjustment, the effect of 
ramipril on the primary endpoint was similar (adjusted 
HR 0·85 [95% CI 0·41–1·77]; p=0·67). The absolute risk 
difference of the primary outcome was –3·8% ([95% CI 
–13·6 to 6·1]; appendix p 8).

In the trial extension phase, the primary outcome 
occurred in 27 patients (25%) in the placebo group and 
25 patients (24%) in the ramipril group (HR 0·96 [95% CI 
0·55–1·65]; table 2). The time to occurrence of the 
primary outcome did not differ significantly between the 

314 screened

213 randomised

109 allocated to placebo 104 allocated to ramipril

109 received placebo 104 received ramipril

  0 lost to follow-up

30 discontinued intervention
 17 physician stopped study drug
 11 patient stopped study drug
 2 adverse event

  1 lost to follow-up
    1 censored at time of lost to follow-up

31 discontinued intervention
      8 physician stopped study drug
   14 patient stopped study drug
   9 adverse event

109 included in the primary analysis 103 included in the primary analysis

 1 patient excluded after randomisation
 as they did not meet inclusion criteria
 (kidney-pancreas transplant)

101 excluded
 45 insufficient proteinuria
 23 participant withdrew consent
 14 physician withdrew patient
 12 adverse event to open-label ramipril
 7 other

Figure 1: Trial profile
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groups (log-rank p=0·89; figure 2. The absolute risk 
difference of the primary endpoint was –0·5% (95% CI 
–12·0 to 11·1; appendix p 8).There was no difference in 
any component of the primary outcome when death was 
treated as a competing event (appendix p 5).
Overall death did not differ significantly between groups 
during the primary trial (HR 1·97 [95% CI 0·66 to 5·89]; 
p=0·22; table 2; appendix p 9) or the extension phase 
(1·45 [0 ·66 to 3·21]; p=0·36; table 2; appendix p 10). 
There was no difference in the causes of death between 

the groups (appendix p 6). Adverse events were more 
common in the ramipril group (39 [38%]) than in the 
placebo group (24 [22%]; p=0·02; table 3) and more 
patients in the ramipril group discontinued study drug 
because of an adverse event (9 [9%] in the ramipirl group 
vs 2 [2%] in the placebo group; p=0·03).

The per-protocol analysis of the primary outcome, 
which only included patients who remained on their 
allocated treatment, showed no difference between 
ramipril and placebo (adjusted HR 0·80 [95% CI 0·32 to 
1·99]; p=0·63). No interactions were seen between 
ramipril and clinically important subgroups (age, sex, 
diabetes, blood pressure, measured GFR, and 
proteinuria) with respect to the occurrence of the primary 
endpoint (appendix p 11).

There was a significant decline in measured GFR in both 
group (–1·19 mL/min/1·73 m² per 6-months in the 
ramipril group and –1·03 mL/min/1·73 m² per 6-months 
in the placebo), but there was no significant between-
group difference (mean difference –0·16 mL/min/1·73 m² 
[SE 0·24]; p=0·49)

There was a decline in systolic and diastolic blood 
pressure for both groups (appendix p 13), but the decline 
was greater for the ramipril group than for the placebo 

Placebo 
(n=109)

Ramipril 
(n=103)

Age (years) 54·5 (11·4) 52·4 (13·3)

Sex

Women 29 (27%) 32 (31%)

Men 80 (73%) 71 (69%)

BMI (kg/m2) 29·5 (7·4) 29·3 (6·5)

Ethnic origin

White 88 (81%) 88 (85%)

Black 3 (3%) 5 (5%)

Asian 9 (8%) 4 (4%)

Other 9 (8%) 6 (6%)

Medical history

Hypertension 101 (93%) 97 (94%)

Hyperlipidaemia 74 (68%) 67 (65%)

Diabetes 42 (39%) 48 (47%)

Angina 15 (14%) 12 (12%)

PCI or CABG 13 (12%) 14 (14%)

Myocardial infarction 10 (9%) 6 (6%)

Peripheral vascular disease 4 (4%) 11 (11%)

Congestive heart failure 11 (10%) 2 (2%)

TIA or stroke 5 (5%) 4 (4%)

Cancer 24 (22%) 19 (18%)

Current smoker 20 (18%) 16 (16%)

Primary cause of renal disease

Glomerulonephritis 24 (22%) 24 (23%)

Diabetes mellitus 19 (17%) 23 (22%)

Polycystic kidney disease 9 (8%) 10 (10%)

Hypertension 13 (12%) 6 (6%)

Other 36 (33%) 34 (33%)

Unknown 8 (7%) 6 (6%)

Type of donor

Living 45 (41%) 47 (46%)

Deceased 64 (59%) 56 (54%)

Primary transplant 96 (88%) 89 (86%)

Immunosuppression

Prednisone 101 (93%) 92 (89%)

Tacrolimus 59 (54%) 60 (58%)

Cyclosporine 40 (37%) 29 (28%)

Mycophenolate mofetil or sodium 83 (76%) 80 (78%)

Azathioprine 22 (20%) 12 (12%)

Sirolimus 7 (6%) 13 (13%)

(Table 1 continues in next column)

Placebo 
(n=109)

Ramipril 
(n=103)

(Continued from previous column)

Antihypertensive use

Calcium channel blocker 63 (58%) 59 (57%)

Beta-blocker 59 (54%) 58 (56%)

Diuretic 34 (31%) 32 (31%)

Alpha-blocker 8 (7%) 6 (6%)

Vasodilator 1 (1%) 6 (6%)

Other drugs

Aspirin 33 (30%) 32 (31%)

Clopidogrel 2 (2%) 3 (3%)

Warfarin 7 (6%) 8 (7.8)

Statin 77 (71%) 66 (64%)

Fibrate 0 2 (2%)

Ezitimibe 3 (3%) 1 (1%)

Measured DTPA GFR (mL/min) 65·1 (27·6) 65·9 (25·0)

Corrected (mL/min/1·73m2) 58·6 (24·1) 59·8 (21·9)

Blood pressure

Systolic blood pressure (mm Hg) 135 (17) 135 (16)

Diastolic blood pressure (mm Hg) 78 (10) 77 (9)

<130/80 32 (29%) 35 (34%)

Serum potassium (mmol/L) 4·3 (0·5) 4·3 (0·6)

Serum creatinine (umol/L) 142 (54) 138 (51)

Haemoglobin (g/L) 129 (17) 131 (14)

Proteinuria (mg per day) 400 (270–720) 430 (270–813)

Data are mean (SD), n (%), or median (IQR). PCI=percutaneous coronary intervention. 
CABG=coronary artery bypass grafting. DTPA GFR=glomerular filtration rate 
measured using ⁹⁹mtechnetium-diethylene triamine pentacetate. 

Table 1: Baseline characteristics
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group: the mean between-group difference for systolic 
blood pressure was –5·3 mm Hg (SE 1·7; p=0·001), and 
for diastolic blood pressure, it was –3·4 mm Hg (SE 1·1; 

p=0·002). During most study visits, the proportion of 
patients with blood pressure less than 130/80 was higher 
in the ramipril group than in the placebo group (table 4). 
In both groups, there was a significant decline in all 
SF-36 domains (except bodily pain and role emotional) 
over time (appendix pp 14–21). The only significant 
between-group difference was in the role emotional 
domain; at 6 months and 48 months the placebo group 
had a higher quality of life score than the ramipril group 
(6 months: 85·0 vs 77·2 [p=0·04]; 48 months: 83·9 vs 
68·8 [p=0·02]).

Overall, there was a significant rise in serum creatinine 
(3·4 umol/L per 6-month interval [SE 0·9]; p<0·0002). 
However, there was no significant between-group 
difference for ramipril versus placebo (–3·1 μmol/L 
[SE 1·8] per 6-month interval; p=0·09; appendix p 22). 
Proteinuria declined in the ramipril group; by 18 months, 
the mean difference in the decline of proteinuria was 
–202 g/24 h per 6-month interval (SE 69) for ramipril 
compared with placebo (p=0·003). There was a 
significant decline in haemoglobin in the ramipril group 
(–0·96 g/L [SE 0·23] per 6-month interval; p<0·001), but 
not in the placebo group (0·36 g/L [SE 0·24] per 6-month 
interval; p=0·14; appendix p 24). At the end of the trial, 
mean haemoglobin in the placebo group was 135 g/L 
(SD 16) compared with 121 g/L (17) in the ramipril group 
(mean difference –14 g/L (95% CI –22 to –7). There was 
no difference in admissions to hospital or cardiovascular 
events between the groups (table 4).

Discussion
We noted no significant difference between ramipril and 
placebo groups in the occurrence of the primary composite 
outcome (doubling of serum creatinine, end-stage renal 
disease, or death) in adult kidney transplant recipients 
with proteinuria. There was also no significant difference 

Placebo (n=109) Ramipril (n=103) p value

Total 24 (22%) 39 (38%) 0·02

Angioedema 0 1 (1%) 0·49

Cough 0 4 (4%) 0·05

Hyperkalemia* 1 (1%) 5 (5%) 0·11

Anemia* 22 (20%) 25 (24%) 0·51

Other 1 (1%) 4 (4%) 0·20

*Hyperkalemia defined as serum potassium ≥6·0 mmol/L; anaemia defined as 
haemoglobin ≤100 g/L.

Table 3: Adverse events
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Figure 2: Time to the primary outcome of doubling serum creatinine, end-stage renal disease or death during 
the extension phase of the study

Primary trial (n=212) Trial extension phase (n=212)

Placebo 
(n=109)

Ramipril 
(n=103)

Hazard ratio 
(95% CI)

Placebo 
(n=109)

Ramipril 
(n=103)

Hazard ratio 
(95% CI)

Follow-up (months) 41·8 (11·2) 41·4 (11·1) .. 48·6 (18·3) 47·8 (17·7) ..

Primary endpoint*: doubling of serum creatinine, 
return to dialysis, repeat transplantation or death

19 (17%) 14 (14%) 0·76 (0·38–1·51) 27 (25%) 25 (24%) 0·96 (0·55–1·65)

Components of primary endpoint†

Doubling of serum creatinine 9 (8%) 3 (3%) 0·35 (0·09–1·30) 11 (10%) 9 (9%) 0·82 (0·34–1·99)

Return to dialysis 6 (6%) 3 (3%) 0·45 (0·11–1·82) 8 (7%) 4 (4%) 0·52 (0·16–1·73)

Repeat transplantation 0 0 .. 0 0

Death 4 (4%) 8 (8%) 2·14 (0·64–7·13) 8 (7%) 12 (12%) 1·56 (0·64–3·84)

Overall graft failure‡ 9 (8%) 6 (6%) 0·67 (0·24–1·90) 12 (11%) 11 (11%) 0·94 (0·41–2·13)

Overall death¶ 5 (5%) 9 (9%) 1·97 (0·66–5·89) 11 (10%) 14 (14%) 1·45 (0·66–3·21)

Data are n (%), unless otherwise stated. *Only the first event per patient is included in the composite primary endpoint. †Components of primary endpoint included only if it 
was the first event. ‡Includes any participant that had allograft failure (repeat transplantation or return to dialysis) as a primary endpoint as well as those with graft failure 
after doubling of serum creatinine. ¶Includes any participant that died and was counted as a primary endpoint as well as those who died after they had doubling of serum 
creatinine, repeat transplantation, or return to dialysis.

Table 2: Clinical outcomes
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in measured GFR over time, our principal secondary 
outcome. By increasing average follow-up to 48 months, 
we observed substantially more events, but were still 
unable to detect important decreases in our primary 
outcome with ramipril compared with placebo. Extra-
polating our observed event rates to a sample size of 528 
still showed a non-significant difference in the primary 
endpoint (risk difference –3 8% (95% CI –10·4 to 2·0). 
Although speculative, this suggests that if there is a benefit 
of ramipril in this population its magnitude is likely small.

We identified three relevant randomised trials that 
have examined the effect of ACE inhibitors or ARBs on 
clinical outcomes in the kidney transplant population.13–16 
The largest such trial (SECRET study) assessed the effect 
of candesartan on a composite outcome consisting of 
cardiovascular events, transplant failure, or death.13 This 
trial differed substantially from our study because 
proteinuria was not an inclusion criterion, those with 
≥2 g/day proteinuria were excluded, and baseline values 
of proteinuria were in the normal range.13 After a mean 
follow-up of about 20 months, there was no significant 
difference between the candesartan and placebo groups 
with respect to the occurrence of the primary outcome 
measure. Ibrahim and colleagues14 showed that losartan 
did not improve end-stage renal disease from interstitial 
fibrosis or cortical interstitial volume expansion on 
biopsy assessment or a composite measure consisting of 
a doubling serum creatinine, transplant failure, or death. 
Similar to our study, they also reported no significant 
benefit of losartan on measured GFR after 5 years of 
follow-up.14 In kidney transplant patients without 
diabetes, Paoletti and colleagues16 showed that lisinopril 
significantly reduced the composite endpoint of doubling 
serum creatinine, renal transplant failure, major 
cardiovascular event, or death. However, these findings 
were primarily affected by differences in cardiovascular 
events because only six patients died or sustained 
transplant failure after 9 years of follow-up.16 Our study 
adds to these findings by showing that even with high-
risk patients and extended follow-up, ramipril has no 
beneficial effect in the kidney transplant population.

Although we had a target blood pressure of less than 
130/80 for all patients, the ramipril group had a lower 
blood pressure compared with the control group. 
Differences appeared early post-randomisation and were 
maintained throughout the trial. A similar pattern of 
improved blood pressure was seen in the candesartan 
group of the SECRET trial.13 We should also note that 
blood pressure values were excellent in both groups 
compared with usual clinical practice. About 50% of 
patents given placebo had a blood pressure less than 
130/80 compared with only 27% in a recent report of 
nearly 10 000 transplant patients from the UK Renal 
Registry.17 The tight blood pressure control does not, 
however, take away from the generalisability of our 
findings. Strict blood pressure control to a target less 
than 130/80 was mandated for all study participants and 

reminders about blood pressure were repeatedly sent to 
investigators and coordinators throughout the course of 
the trial. Such tight control probably decreased our 
overall event rates for the primary outcome.

This trial had notable strengths. Unlike other published 
trials, we enrolled a very high-risk population that 
included a substantial number of patients with diabetes 
(43%), hyperlipidaemia (67%), and history of cardio-
vascular disease (25%), as well as older patients 
(34% >60 years), and those with substantial proteinuria 
(43% >500 mg/day). In view of the fact that that ramipril 
had no effect in patients at high risk for renal failure and 

Placebo (n=109) Ramipril (n=103) Risk ratio or mean 
difference (95% CI)

Blood pressure <130/80

1 month 48 (47%) 65 (66%) 1·42 (1·11 to 1·83)

12 months 47 (51%) 49 (60%) 1·17 (0·90 to 1·53)

24 months 45 (53%) 49 (65%) 1·23 (0·95 to 1·60)

36 months 33 (52%) 43 (74%) 1·42 (1·07 to 1·87)

48 months 17 (43%) 23 (68%) 1·59 (1·04 to 2·44)

Admissions to hospital

Patients with a least one admission 60·0 (55%) 46·0 (45%) 0·80 (0·61 to 1·06)

Days admitted 10·4 (15·4) 16·2 (24·7) 5·8 (–0·01 to 11·6)

Cardiovascular events

Myocardial infarction 6 (6%) 2 (2%) 0·35 (0·07 to 1·69)

TIA or stroke 4 (4%) 1 (1%) 0·27 (0·04 to 1·79)

Amputation 0 4 (4%) ..

Congestive heart failure 2 (2%) 3 (3%) 1·57 (0·27 to 9·22)

Revascularisation events 5 (5%) 7 (7%) 1·47 (0·48 to 4·48)

PCI or CABG 4 (4%) 2 (2%) 0·52 (0·10 to 2·80)

Peripheral 0 5 (5%) ..

Cerebral 1 (1%) 0 ..

Measured GFR (mL/min/1·73m2)

6 months 61 (24) 56 (22) –5 (–12 to 2)

12 months 56 (23) 55 (23) –1 (–8 to 6)

18 months 56 (22) 56 (23) 0 (–7 to 7)

24 months 56 (22) 54 (23) –2 (–10 to 5)

30 months 56 (21) 55 (26) –1 (–9 to 7)

36 months 55 (22) 57 (27) 2 (–7 to 11)

42 months 55 (18) 53 (26) –2 (–11 to 7)

48 months 49 (20) 47 (23) –2 (–13 to 9)

Proteinuria (mg/24 h*)

6 months 430 (285–775) 310 (180–560) 0·006

12 months 400 (214–730) 340 (140–610) 0·09

18 months 400 (156–930) 200 (90–560) 0·02

24 months 415 (60–900) 280 (34–700) 0·31

30 months 440 (160–750) 195 (43–570) 0·02

36 months 390 (49–660) 250 (43–560) 0·26

42 months 326 (70–540) 185 (50–510) 0·58

48 months 200 (61–550) 200 (40–670) 0·86

Data are n (%), mean (SD), or median (IQR). *Proteinuria data were not normally distributed; therefore, Wilcoxon rank 
sum test was reported instead of mean difference. PCI=percutaneous coronary intervention. CABG=coronary artery 
bypass grafting. DTPA GFR=glomerular filtration rate measured using ⁹⁹mtechnetium-diethylene triamine pentacetate.

Table 4: Secondary outcomes
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death, it is improbable that a benefit would be seen in 
transplant patients at lower risk. We also had considerable 
patient follow-up to allow sufficient time for clinical 
endpoints to occur. In the landmark trials assessing 
ARBs and ACE inhibitors in non-diabetic and diabetic 
nephropathy, the separation of treatment effect became 
evident by just 24 months post-randomisation.18–22 Finally, 
our renal outcomes were very accurate and reliable in 
view of the fact that we used radioisotopic methods for 
measuring GFR and a central laboratory was used to 
measure serum creatinine concentration.

Limitations of our study should also be noted. First, we 
did not achieve our target sample size. This was mainly 
due to the evolution of physician practice since trial 
inception: the use of ACE inhibitors and ARBs in the 
transplant population has increased substantially over 
the past decade and directly hampered our recruitment. 
Indeed, many clinicians caring for the patients were 
reluctant to discontinue these drugs to allow participation 
despite the absence of evidence for their use and reviews 
and guidelines supporting the need for this trial.23–28 
Second, ramipril was dosed at 10 mg daily based on trials 
done in the non-transplant population.29,30 With a larger 
dose, we might have noted more clinical benefit; however, 
the increased ramipril dosage would probably result in 
even more adverse events. Third, the cause of proteinuria 
was not known because baseline kidney transplant  biopy 
samples were not obtained at trial entry. Ramipril might 
have been effective if entry was restricted to a more 
homogeneous population such as those with recurrent 
glomerulonephritis, although this would have restricted 
patient recruitment even further.

Despite the limitations noted, this trial provides 
important findings for the management of kidney 
transplant patients with proteinuria. Previously, clinicians 
had to extrapolate from non-transplant trials to make 
treatment recommendations for these patients. Our study 
is the first randomised trial of ACE inhibitors that 
provides long-term data about safety and clinically 
important outcomes in kidney transplant recipients with 
proteinuria. We believe that this will be useful information 
to guide patient-clinician discussions on therapy. Perhaps 
the key message is the relative absence of expected clinical 
benefit and an increased risk of adverse events including 
mortality in the ramipril group. Unlike the positive 
response noted in non-transplant ACE inhibitor trials,29,31 
we found no significant effect of ramipril on measured 
GFR. This is important in view of the fact that declining 
GFR is directly on the clinical pathway to end-stage renal 
disease, and transplant patients with reduced GFR are at 
increased risk for metabolic complications, cardiovascular 
disease, and death.23,24,35 In addition to the absence of 
benefit on GFR, we noted no significant between-group 
differences in patient-reported quality of life. With respect 
to safety, there were more adverse events and drug 
discontinuations due to side-effects in those receiving 
ramipril. This included a clinically significant reduction 

in haemoglobin for patients in the ramipril group. 
Anaemia is a well-documented risk factor for 
cardiovascular disease, transplant failure, and death in 
kidney transplantation, which could contribute to 
worsening outcomes with long-term ramipril therapy.32,33 
Although the numbers were small and the difference 
between groups non-significant, we noted more deaths in 
the ramipril group than in the placebo group, and not 
fewer as we had hypothesised. There were more deaths 
due to sepsis and cardiac causes in the ramipril group 
than in the placebo group. These are the two most 
frequent causes of death in the kidney transplant 
population, so it is difficult to determine the significance 
of this finding.34 In the SECRET trial, there were more 
cardiovascular morbidity events in the candesartan group 
than in the placebo group, but no difference in overall 
mortality.13 Current guidelines make an ungraded 
recommendation that ACE inhibitors or ARBs be 
considered as first-line antihypertensives in transplant 
patients with proteinuria.35 The data from our trial 
suggests that ramipril use in transplant patients with 
proteinuria is associated with more adverse events and 
probably no significant improvement in clinical 
outcomes. Treatment guidelines should be reconsidered 
given the findings of our trial.

In conclusion, the ACE inhibitor ramipril did not 
significantly prevent the occurrence of clinically 
important events including a doubling of serum 
creatinine, transplant failure, cardiovascular events, or 
death in kidney transplant patients with proteinuria. 
Additionally, there was no significant benefit with respect 
to measured GFR over time, despite the inclusion of 
patients at high risk for renal progression. Although 
ramipril improved blood pressure compared with 
placebo, in renal transplant recipients with proteinuria it 
should not be used with the goal of improving clinical 
outcomes in this population.
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Appendix 2- Cumulative Hazard Plots for the Primary ACE Trial 
 
 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Time to death in the primary trial.  

Log-rank p= 0.22 
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Figure 2. Time to ESRD in the primary trial.  

Log-rank p= 0.57 
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Figure 3. Time to doubling of serum creatinine in the primary trial.  

Log-rank p= 0.37 
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Figure 4. Time to ≥40% eGFR decline in the primary trial.  

Log-rank p= 0.28 
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Figure 5. Time to ≥30% eGFR decline in the primary trial.  

Log-rank p= 0.92 
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Figure 6. Time to ≥20% eGFR decline in the primary trial.  

Log-rank p= 0.84 
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Appendix 3- Cumulative Hazard Plots for the Extended ACE Trial 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Time to death in the extended trial.  

Log-rank p= 0.23 
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Figure 2. Time to ESRD in the extended trial.  

Log-rank p= 0.90 
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Figure 3. Time to doubling of serum creatinine in the extended trial.  

Log-rank p= 0.87 
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Figure 4. Time to ≥40% eGFR decline in the extended trial.  

Log-rank p= 0.82 
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Figure 5. Time to ≥30% eGFR decline in the extended trial.  

Log-rank p= 0.68 
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Figure 6. Time to ≥20% eGFR decline in the extended trial.  

Log-rank p= 0.84 
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Appendix 4- Win Ratio Illustration 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

Figure 1. Schematic demonstrating how the win ratio is conceptually similar to other epidemiological measures 
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Appendix 5- R Code to Conduct Win Ratio Approach 
 

Additional File 1- R Code for the ‘get.winratio’ Function to Determine the Win Ratio 

 
get.winratio <- function(No.1, No.2, No.3) { 
  
 #This function determines the win ratio for composite consisting of 3 endpoints of varying 
clinical significance.  
  
  
 #INPUT:  
 #  No.1 = A dataset of the event ranked #1 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
   
 #  No.2 = A dataset of the event ranked #2 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
  
 #  No.3 = A dataset of the event ranked #3 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
  
  
  
  
 #NOTE-**IMPORTANT** Within these datasets, the group column should be a factor and 
described as "A" for the control group and "B" for study (treatment) group. Event column 
should be numeric with 1 indicating an event and 0 no event. timeTo column should be 
numeric, while pt_id should be a factor.  
 
 
 
 #OUTPUT:  
  
 #  Win.ratio = Win ratio for study group vs. control group. The win ratio is 
equal to the total amount of pairs won by the study group divided by the total number of 
pairs won by the control group.  
   
  
 #  Event.1.win.study = pairs won for study group (B) on #1 clinically 
significant event 
 #  Event.1.win.cont = pairs won for control group (A) on #1 clinically 
significant event 
 #  Event.1.tie = pairs tied on #1 clinically significant event 
  
 #  Event.2.win.study = pairs won for study group (B) on #2 clinically 
significant event 
 #  Event.2.win.cont = pairs won for controlgroup (A) on #2 clinically 
significant event 
 #  Event.2.tie = pairs tied on #2 clinically significant event 
  
 #  Event.3.win.study = pairs won for group (B) on #3 clinically significant 
event 
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 #  Event.3.win.cont = pairs won for control group (A) on #3 clinically 
significant event 
 #  Event.3.tie = pairs tied on #3 clinically significant event   
  
              
    
 
Event.1 <- No.1[,c(grep(c("pt_id"),colnames(No.1)), grep(c("group"),colnames(No.1)), 
grep(c("timeTo"),colnames(No.1)),grep(c("Event"),colnames(No.1)))] 
 
Event.2 <- No.2[,c(grep(c("pt_id"),colnames(No.2)), grep(c("group"),colnames(No.2)), 
grep(c("timeTo"),colnames(No.2)),grep(c("Event"),colnames(No.2)))] 
 
Event.3 <- No.3[,c(grep(c("pt_id"),colnames(No.3)), grep(c("group"),colnames(No.3)), 
grep(c("timeTo"),colnames(No.3)),grep(c("Event"),colnames(No.3)))] 
 
 
 
compare<-function(cont,study) { 
 # This function compares one control patient to one study patient to see who wins on the 
event of interest.  
 #INPUT: 
 #    cont = 4-vector with first entry equal to pt_id, second entry equal to group, third 
equal to time, and fourth entry equal to event; refers to placebo patients  
 #    study = same as cont; refers to study group patients 
 # OUTPUT: 
 #     win = -1 if control group patient wins, 0 if neither, 1 if study group patient wins 
  
 if (cont[4]==1 & study[4]==1) { 
  if (cont[3]>study[3]) {win<--1}  else 
  if (cont[3]<study[3]) {win<-1} else 
  {win<-0} 
 } 
 if (cont[4]==1 & study[4]==0) { 
  if (cont[3]<=study[3]) {win<-1} else {win<-0} 
 } 
 if (cont[4]==0 & study[4]==1) { 
  if (cont[3]>=study[3]) {win<--1} else {win<-0} 
 } 
 if (cont[4]==0 & study[4]==0) {win<-0} 
 win 
} 
 
#Creates an index list for control and study patients 
cont.ind<-(1:nrow(Event.1))[Event.1[,2]=="A"] 
study.ind<-(1:nrow(Event.1))[Event.1[,2]=="B"] 
 
#Creates a matrix of length study by length control and fills in with NAs 
No.1.win<-matrix(NA,length(study.ind),length(cont.ind)) 
 
#For every study patient and for every control patient plug in the respective row # into 
the compare function and then import that result into the No.1.win matrix 
for (i in 1:length(study.ind)) { 
 for (j in 1:length(cont.ind)) { 
  No.1.win[i,j]<-compare(Event.1[cont.ind[j],],Event.1[study.ind[i],]) 
 } 
} 
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#This step fills in all the No.1 win ratio "answers", so anything that isn't 0 gets filled 
in as we will not be assessing it for this step  
 
 
No.2.win <- ifelse(No.1.win==0,0,"Event1") 
 
#Same description as above BUT with an added a "if" statement relating to if "i,j" are 0. 
If so then we need to look at them at this step. If not 0 then they have already been dealt 
with 
 
for (i in 1:length(study.ind)) { 
 for (j in 1:length(cont.ind)) { 
  if (No.2.win[i,j]==0) { 
  No.2.win[i,j]<-compare(Event.2[cont.ind[j],],Event.2[study.ind[i],]) 
  } 
 } 
} 
 
 
No.3.win <- ifelse(No.2.win==0,0,"Event2") 
 
#Same description as above BUT with an added a "if" statement relating to if "i,j" are 0. 
If so then we need to look at them at this step. If not 0 then they have already been dealt 
with 
 
for (i in 1:length(study.ind)) { 
 for (j in 1:length(cont.ind)) { 
  if (No.3.win[i,j]==0) { 
  No.3.win[i,j]<-compare(Event.3[cont.ind[j],],Event.3[study.ind[i],]) 
  } 
 } 
} 
 
 
#Total number of study group 'wins', control group 'wins', and 'ties' with respect to 
number 1 clinically significant event 
Event.1.win.study <-sum(No.1.win==1) 
Event.1.win.cont <-sum(No.1.win==-1) 
Event.1.tie <- sum(No.1.win==0) 
 
#Total number of study group 'wins', control group 'wins', and 'ties' with respect to 
number 2 clinically significant event 
Event.2.win.study <- sum(No.2.win==1) 
Event.2.win.cont <- sum(No.2.win==-1) 
Event.2.tie <- sum(No.2.win==0) 
 
#Total number of study group 'wins', control group 'wins' and 'ties' with respect to number 
3 clinically significant event 
Event.3.win.study <- sum(No.3.win==1) 
Event.3.win.cont <- sum(No.3.win==-1) 
Event.3.tie <- sum(No.3.win==0) 
 
 
#win ratio 
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Win.ratio <- (Event.1.win.study + Event.2.win.study + Event.3.win.study) / 
 (Event.1.win.cont + Event.2.win.cont + Event.3.win.cont) 
 
 
 
output <- cbind.data.frame(Win.ratio, Event.1.win.study, Event.1.win.cont, Event.1.tie, 
Event.2.win.study, Event.2.win.cont, Event.2.tie, Event.3.win.study, Event.3.win.cont, 
Event.3.tie ) 
 
output 
 
} 
 

Additional File 2- R Code for the ‘CI.winratio’ Function to Calculate 95% Confidence 
Intervals for the Win Ratio 
 
 
CI.winratio <- function(No.1, No.2, No.3) { 
 
#CI.winratio function, bootstraps 95% CIs for the win ratio 
 
#INPUT:  
 #  No.1 = A dataset of the event ranked #1 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
   
 #  No.2 = A dataset of the event ranked #2 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
  
 #  No.3 = A dataset of the event ranked #3 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
  
  
  
 #NOTE-**IMPORTANT** Within these datasets, the group column should be a factor and 
described as "A" for the control group and "B" for study (treatment) group. Event column 
should be numeric with 1 indicating an event and 0 no event. timeTo column should be 
numeric, while pt_id should be a factor.  
 
 
 
#OUTPUT:  
#  95% Confidence interval for the win ratio 
 
 
 
No.1 <- No.1[,c(grep(c("pt_id"),colnames(No.1)), grep(c("group"),colnames(No.1)), 
grep(c("timeTo"),colnames(No.1)),grep(c("Event"),colnames(No.1)))] 
 
No.2 <- No.2[,c(grep(c("pt_id"),colnames(No.2)), grep(c("group"),colnames(No.2)), 
grep(c("timeTo"),colnames(No.2)),grep(c("Event"),colnames(No.2)))] 
 
No.3 <- No.3[,c(grep(c("pt_id"),colnames(No.3)), grep(c("group"),colnames(No.3)), 
grep(c("timeTo"),colnames(No.3)),grep(c("Event"),colnames(No.3)))] 
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random <- function(No.1, No.2, No.3) { 
  
#random function, creates a random sample from original trial data using replacement. Then 
using this random sample data it derives a win ratio. 
 
#INPUT:  
 
 #  No.1 = A dataset of the event ranked #1 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
   
 #  No.2 = A dataset of the event ranked #2 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
  
 #  No.3 = A dataset of the event ranked #3 on clinical significance. *Must 
include columns labelled "pt_id", "group", "timeTo", and "Event".  
 
#OUTPUT:  
#  Win ratio derived from a random sample (n= patients in the trial) from 
original trial data (using replacement) 
 
 
#'tagging' the three input datasets 
 
 
colnames(No.1)[grep(c("timeTo"),colnames(No.1))] <- "timeTo1" 
 
colnames(No.2)[grep(c("timeTo"),colnames(No.2))] <- "timeTo2" 
 
colnames(No.3)[grep(c("timeTo"),colnames(No.3))] <- "timeTo3" 
 
colnames(No.1)[grep(c("Event"),colnames(No.1))] <- "Event1" 
 
colnames(No.2)[grep(c("Event"),colnames(No.2))] <- "Event2" 
 
colnames(No.3)[grep(c("Event"),colnames(No.3))] <- "Event3" 
 
 
#combining these datasets 
 
all <- cbind.data.frame(No.1, No.2, No.3) 
 
all <- all[,c(1:4,7,8,11,12)] 
 
 
#separating by "A" (control group) and "B" (study group) 
 
cont <- all[all[,"group"]=="A",] 
study <- all[all[,"group"]=="B",] 
 
#random sample of equal length to the original trial groups, with replacement 
"replace=TRUE" 
 
rand_cont <- cont[sample(1:nrow(cont),nrow(cont),replace=TRUE),] 
rand_study <- study[sample(1:nrow(study),nrow(study),replace=TRUE),] 
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#combining these  
 
all_random <- rbind.data.frame(rand_cont, rand_study) 
 
all_random  
 
 
#subsetting by event type 
 
No.1.random <- all_random[,1:4] 
 
No.2.random <- all_random[,c(1,2,5,6)] 
 
No.3.random <- all_random[,c(1,2,7,8)] 
 
#finding the win ratio of this 'random sample' data 
 
winratio <- get.winratio(No.1.random, No.2.random, No.3.random) 
 
winratio[1] 
 
} 
 
 
#this creates the bootstrap vector  
 
bootstrap <- replicate(999, random(No.1, No.2, No.3), simplify="vector") 
 
 
CI <- function(data) { 
  
 #This function orders the bootstrap output and takes the 25th value and the 975th value 
creating the 95% confidence interval 
  
bootstrap <- as.numeric(data) 
 
bootstrap <- sort(unlist(bootstrap)) 
 
output <- c(bootstrap[25],bootstrap[975]) 
 
output 
} 
 
 
CI(bootstrap) 
 
} 
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Appendix 6 Win Ratio Plots for the Primary and Extended ACE Trial  
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Figure 1. Win ratio component breakdown for primary trial.  Number of wins (pairs won) for ramipril and placebo groups for the 
composite of death, ESRD, and doubling of serum creatinine in the primary trial. The win ratio is equal to the total wins of ramipril 
divided by the total wins of placebo.  
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Figure 2. Win ratio component breakdown for extended trial.  Number of wins (pairs won) for ramipril and placebo groups for the 
composite of death, ESRD, and doubling of serum creatinine in the extended trial. The win ratio is equal to the total wins of ramipril divided by 
the total wins of placebo.  
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