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Background.Nephrology trials assessing the impact of interventions on “standard” outcomes, such as doubling of creatinine,
end-stage renal disease (ESRD), and/or death, are difficult to conduct given the time required for endpoints to accrue. The objec-
tive of this study was to determine if using lesser declines in kidney function would alter the interpretation of a previous randomized
controlled trial.Methods. This study was a secondary analysis of a kidney transplant trial comparing the use of a 40%or greater,
30% or greater, or 20% or greater decline in estimated glomerular filtration rate (eGFR) as a substitute for doubling of serum cre-
atinine. Declines in eGFRwere determined relative to baseline. This trial enrolled 212 kidney transplant patients with proteinuria and
assessed the clinical impact of ramipril versus placebo on a primary outcome of doubling of serum creatinine, ESRD, or death. In
this analysis, the declines in eGFR replaced doubling of creatinine in the composite endpoint.Results.Mean trial follow-up was
41 months. A time-to-event composite of death, ESRD, or a 40% or greater, 30% or greater, or 20% or greater 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 endpoints compared with the original trial. In all 3 eGFR
declines, ramipril treatment was not associated with any statistically significant differences despite the increase in events.
Conclusions. Substituting doubling of serum creatinine for lesser eGFR percentage decline thresholds did not alter trial
interpretation but did increase the number of events.

(Transplantation Direct 2019;5: e439; doi: 10.1097/TXD.0000000000000880. Published online 19 March, 2019.)
C linical trials in nephrology and kidney transplantation
are challenged by low event rates of hard outcomes,

such as death and end-stage renal disease (ESRD).1-5 To pro-
vide clinical insight, kidney transplant trials assessing the im-
pact of an intervention on ‘hard’ outcomes like death or
ESRD require a substantial sample size and/or extended
follow-up—both major threats to feasibility.1-5 To increase
the number of early events and improve trial feasibility, an
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endpoint of doubling of baseline serum creatinine is often in-
corporated 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.1,2,6

However, utilizing doubling of serum creatinine within a
composite endpoint has not solved the problem, as issues of
low short-term event rates and consequently efficiency continue
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to persist.7 To increase event rates and enable clinical trials of
shorter duration, the use of a percentage reduction in esti-
mated glomerular filtration rate (eGFR) as an alternative sur-
rogate for hard outcomes was recently explored.1 In a large,
multinational database of chronic kidney disease (CKD) pa-
tients, an endpoint of 30% or greater decline in eGFR over
2 years was considerably more frequent and also predictive
of ESRD and death in this population.1 The validity of using
percentage eGFR declines as surrogate endpoints in clinical
trials were further evaluated in a kidney transplant popula-
tion.2 The investigators of this study recommended that per-
centage decline in eGFR should be considered for use as a
surrogate endpoint in kidney transplant trials.2 To investi-
gate the impact of such recommendations, we conducted a
secondary analysis of a randomized trial in kidney transplan-
tation.8 In this study, we incorporated alternative percentage
declines in eGFR into a composite outcome to determine if
the “new endpoints” altered the original trial results, inter-
pretation, or conclusions.

MATERIALS AND METHODS

Study Design and Treatment

We conducted a secondary analysis of a double-blind,
placebo-controlled, randomized trial involving kidney trans-
plant patients at 14 centers in Canada andNewZealand.8 El-
igible patients entered a 2-week open-label trial of ramipril
5 mg daily. If tolerated, patients were randomized (1:1) to re-
ceive either ramipril or placebo. Details of the trial protocol9

and primary study results8 have been published previously.
The study was approved by the local research ethics board
at every participating institution and all trial participants pro-
vided written informed consent. The study adhered to the
Declaration ofHelsinki andDeclaration of Istanbul. The trial
registered with International Standard Randomized Con-
trolled Trial Number 78129473.

Trial Primary Outcome

The primary outcome was a time-to-event composite
consisting of doubling of serum creatinine, ESRD, or death.
ESRD was defined as the date of repeat kidney transplantation
or initiation of dialysis. Doubling of serum creatinine was de-
fined as a 2-fold increase in serum creatinine 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 com-
posite component were recorded and reported as individual
components.

Secondary Analysis

In place of doubling of serum creatinine, we incorporated
eGFR percentage declines of 40% or greater, 30% or greater,
or 20% or greater into the original composite outcome that
also included ESRD and death. The Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation10 was used
to calculate all eGFR values. Events of 40% or greater, 30%
or greater, or 20% or greater eGFR decline were determined
relative to baseline. All outcomes (death, ESRD, or eGFR
percentage decline) were measured as time-to-event and only
the first eventwas used in the composite endpoint. Overall to-
tal events of each composite component were recorded and re-
ported as individual components. In a sensitivity analysis, the
4-variable Modification of Diet in Renal Disease equation11

was used to calculate eGFR values (Tables S1 and S2, SDC,
http://links.lww.com/TXD/A194).

Study Assessments

Study visits occurred at randomization, 1 month, 6 months,
and then every 6months thereafter until trial end. At each study
visit, hemoglobin, serum creatinine, and serum potassium con-
centrations were measured by a central laboratory and any
event of doubling of serum creatinine, ESRD, or death was de-
termined. 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 per 1.73 m2), serum creatinine (μmol/L), diabetes
status (present or absent), and time posttransplantation (days).

Statistical Analyses

All analyses were conducted in accordance with the intention-
to-treat principle. Kaplan-Meier plots assessing each time-
to-event composite over the trial period were constructed
while nonparametric log-rank tests were performed as signifi-
cance tests. Cox proportional hazard ratios along with corre-
sponding 95% confidence intervals were created to compare
outcomes between study groups. All analyses were conducted
in R statistical software version 3.3.2 (R core team; R Foun-
dation for Statistical Computing, Vienna, Austria).

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). A composite consisting of death,
ESRD, and a 40% or greater, 30% or greater, or 20% or
greater eGFR decline occurred in a total of 45 (26 placebo vs
19 ramipril), 68 (35 vs 33), and 99 (50 vs 49) patients, re-
spectively. There were no statistically significant differences
between Ramipril treatment and placebo on these endpoints
(Table 2). The time to occurrence of each composite did not
differ significantly between groups (Figure 1).

When kidney outcomes were analyzed separately (ie, death
was excluded from the composite endpoint), with ESRD or
doubling of serum creatinine, 40% or greater, 30% or
greater, or 20% or greater eGFR decline occurred in a total
of 21 (15 placebo vs 6 ramipril), 34 (22 vs 12), 61 (34 vs
27), and 93 (49 vs 44) patients, respectively. Ramipril treat-
ment versus placebo did not result in any statistically signifi-
cant difference in these kidney-specific endpoints (Table 3).

The eGFR declines were analyzed on their own and shown
in Table 4. An eGFR decline of 40% or greater, 30% or
greater, or 20% or greater occurred in a total of 28 (17 pla-
cebo vs 11 ramipril), 57 (30 vs 27), and 90 (46 vs 44) patients,
respectively (Table 4). On endpoints of eGFR decline, treat-
ment with Ramipril was not associated with any statistically
significant differences compared to placebo (Table 4). In addi-
tion, all events of eGFR decline were preceded by consistent
overall declines in renal function prior to the event occurring
(Figures S1-S3, SDC http://links.lww.com/TXD/A195).
DISCUSSION

We found that substituting eGFR declines of 40%or greater,
30%or greater, or 20%or greater for doubling of serum cre-
atinine within a time-to-event composite of death and ESRD
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TABLE 1.

Baseline characteristics from the Canadian ACE inhibitor
transplant trial

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

Age, y 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 per 1.73 m2 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 creatinine, μmol/L 142 (54) 138 (51)
Proteinuria, mg per day 400 (270–720) 430 (270–813)

Data are mean (SD), n (%), or median (IQR). Table adapted with permission from Knoll et al.8

BMI, body mass index; CABG, coronary artery bypass grafting; DTPA GFR, glomerular filtration rate measured
using 99mtechnetium-diethylene triamine pentaacetate; IQR, interquartile range; PCI, percutaneous
coronary intervention; SD, standard deviation.

TABLE 2.

Primary outcome, including events of eGFR decline, ESRD,
or death

Placebo
(n = 109)

Ramipril
(n = 103)

Hazard ratio
(95% CI)

Total follow-up, mo 41.8 41.4
Original trial

Doubling of serum creatinine 9 3
Return to dialysis 6 3
Repeat transplant 0 0
Death 4 8
Totala 19 14 0.76 (0.38–1.51)

Composite of:
≥40% eGFR decline 16 10
Return to dialysis 6 2
Repeat transplant 0 0
Death 4 7
Totala 26 19 0.74 (0.41–1.34)

Composite of:
≥30% eGFR decline 29 26
Return to dialysis 5 1
Repeat transplant 0 0
Death 1 6
Totala 35 33 1.01 (0.63–1.62)

Composite of:
≥20% eGFR decline 45 43
Return to dialysis 4 1
Repeat transplant 0 0
Death 1 5
Totala 50 49 1.04 (0.70–1.54)

a All events were time to first occurrence of any component within a particular composite. eGFR was
calculated using the CKD-EPI equation.10

CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated
glomerular filtration rate; ESRD, end-stage renal disease.
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did increase the overall number of trial outcomes. However,
the increased number of events did not alter the original trial
conclusions; there was no statistically significant difference
between ramipril and placebo in any of the re-analyzed com-
posite endpoints.
The effectiveness of using eGFR decline as a surrogate end-
point for ESRD has been shown in the CKD population.1 A
National Kidney Foundation and US Food andDrug Admin-
istration workshop concluded that a 40% or greater eGFR
decline over 2 to 3 years was broadly acceptable as a substitute
for doubling of serum creatinine in CKD progression trials,
whereas a 30% or greater eGFR decline may be acceptable—
but only in cases where there lacks an acute effect on eGFR.4

Stemming from this workshop, Badve et al4 conducted a re-
view and concluded that the decision to use a 30%or greater
or 40% or greater 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 its
hypothesized impact on eGFR percentage decline. Clayton
et al2 recently investigated the relationship between eGFR de-
cline and hard outcomes in 7949 kidney transplants from the
Australia and New Zealand Dialysis and Transplant Regis-
try. They determined that both 30% or greater and 40% or
greater eGFR decline not only occurred more frequently than
doubling of serum creatinine but were also strongly associ-
ated with ESRD and death.2 Although the use of these eGFR
decline cut-offs will increase event rates in kidney transplant
trials, evidence of their impact on statistical power and trial
feasibility within the kidney transplant setting is lacking.2 A
post hoc analysis of two recent trials in ESRD patients found
that the use of lower eGFR decline endpoints do increase the



FIGURE 1. Cumulative hazard plots of trial composite outcomes (mean follow-up, 41 mo). eGFR, estimated glomerular filtration rate; ESRD,
end-stage renal disease.
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number of events but they also attenuate treatment effect—
which would potentially eliminate any increases in statistical
efficiency and trial power.7

Our results demonstrate that the number of composite
events, and the rate at which they occur, increased as the
percentage threshold was lowered. Using a 40% eGFR or
greater decline, instead of doubling of serum creatinine in
the composite the outcome resulted in an additional 12
events or a 36% relative increase in events. When 30% or
greater eGFR decline was used, additional 35 events were
noted for a relative increase of 106%. Lastly, the composite
TABLE 3.

Kidney outcomes, excluding death

Placebo,
n = 109

Ramipril,
n = 103

Hazard ratio
(95% CI)

ESRD and doubling of
serum creatinine

15 (14) 6 (5.8) 0.42 (0.16–1.07)

ESRD and eGFR decline of:
≥40% 22 (20) 12 (12) 0.54 (0.26–1.09)
≥30% 34 (31) 27 (26) 0.85 (0.51–1.41)
≥20% 49 (45) 44 (43) 0.95 (0.63–1.43)

eGFR was calculated using the CKD-EPI equation.10 Data are n (%) of trial participants.

CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated
glomerular filtration rate; ESRD, end-stage renal disease.
using a 20% or greater eGFR decline resulted in an additional
66 total events, a relative increase of 200%.

The increased number of events did lead to more events
and, consequently, to narrower 95%confidence intervals. In-
creasing the frequency of events does increase statistical
power, but the practical value of this increase depends criti-
cally on whether or not the intervention in question exhibits
a similar treatment effect on the alternative endpoints. If the
event rate increases and the treatment effect is similar, trial
power increases and the same conclusions can be drawn
using fewer patients or a shorter duration of follow-up.
TABLE 4.

eGFR decline outcomes only

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)

eGFR decline of:
≥40% 17 (16) 11 (11) 0.62 (0.28–1.35)
≥30% 30 (28) 27 (26) 0.96 (0.57–1.62)
≥20% 46 (42) 44 (43) 1.01 (0.68–1.53)

eGFR was calculated using the CKD-EPI equation.10 Data are n (%) of trial participants.

CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated
glomerular filtration rate.
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However, if the treatment effect on eGFR decline was differ-
ent from the effect on doubling of serum creatinine, the fun-
damental meaning of the observed effect could change. In
other words, power increases, but this may lead to different
conclusions. In this trial, the results suggest that a lack of
treatment effect was consistently observed regardless of
whether a 40%or greater, 30%or greater, or 20%or greater
eGFR decline was substituted for doubling of serum creati-
nine in the composite outcome. This lack of treatment effect
made it impossible to assess the impact of these endpoints
on treatment attenuation and trial statistical power. Another
aspect that requires emphasis is that the choice of renal
decline surrogate should be informed by the underlying treat-
ment being assessed. Our study drug ramipril (an ACE-
inhibitor) is associated with acute declines in renal function
(acute effects) but can, in certain clinical situations, prevent
further kidney function decline over time (chronic effects).7

In the analysis by Lambers Heerspink and colleagues,7 they
found that the acute effects of angiotensin receptor blockers
may be responsible for the attenuation of treatment effect
seenwhen using eGFR decline endpoints of lesser magnitude.
For a similar treatment such as ramipril, it would be neces-
sary to assess the appropriateness of using a lower threshold
of renal decline as it may lead to an over-emphasis of the ex-
pected acute transient fluctuations in renal function, thereby
negating any long-term treatment effect. In our study, it did
appear that there was higher rate of 20% or greater eGFR
events in the first 3 months in the ramipril group versus pla-
cebo.However, this higher rate was not seen in renal function
endpoints of higher magnitude (≥40%,≥30% eGFR decline,
and doubling of creatinine). If surrogate renal function end-
points are to be used, the clinical context should be evaluated
to determine the appropriateness of the surrogate endpoints.

The interpretation of the trial was not changed by substitut-
ing alternative endpoints of graft function (≥40%, ≥30%,
and ≥20% eGFR declines) for doubling of serum creatinine
in a time-to-event composite of death and ESRD. Treatment
with an ACE-inhibitor was not associated with any statisti-
cally significant differences in any of the endpoints. However,
the use of lesser eGFR declines did increase the number of
events and lead to narrower confidence intervals, but we
stress that without any observed treatment effect, an assess-
ment of whether these endpoints attenuate treatment effect
was not possible. The potential implications of using these al-
ternative endpoints should be investigated further; but for
now, their use should be determined with respect to the inter-
vention in question and its hypothesized treatment effect.
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