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Abstract
Background: A doubling of serum creatinine value, corresponding to a 57% decline in
estimated glomerular filtration rate (eGFR), is used frequently as a component of a composite
kidney end point in clinical trials in type 2 diabetes. The aim of this study was to determine
whether alternative end points defined by smaller declines in eGFR would improve the
statistical power of these clinical trials.
Study design: Post hoc analyses of 2 multinational randomized controlled trials (Reduction of
End points in Non–Insulin-Dependent Diabetes With the Angiotensin II Antagonist Losartan
[RENAAL] and Irbesartan Diabetic Nephropathy Trial [IDNT]) that assessed the treatment
effect of the angiotensin receptor blockers (ARBs) losartan and irbesartan.
Setting and participants: 1,513 (RENAAL) and 1,715 (IDNT) adult patients with type 2
diabetes and nephropathy.
Predictor: Established versus alternative end points defined as a confirmed doubling of serum
creatinine level versus confirmed eGFR decline of 57%, 40%, 30%, or 20% as a component of
a composite end point of end-stage renal disease or eGFR,15 mL/min/1.73m2.
Outcomes: Numbers of patients reaching end points, precision (standard error), and
significance (z score) of ARB treatment effect (HR) during follow-up.
Results: Lesser eGFR declines resulted in a greater number of patients reaching end points in
both treatment groups and lower standard error of the HR, but the effect on z score was
counterbalanced by attenuation of the HR. When calculating the eGFR decline from month 3,
attenuation of the HR was less pronounced.
Conclusions: Despite increases in precision of the treatment effect, eGFR declines less than a
doubling of serum creatinine value did not consistently improve statistical power of the clinical
trials due to attenuation of the treatment effect. Attenuation of the treatment effect appears to
be due in part to acute effects of ARBs on eGFR. These findings should be taken into account
when using lesser eGFR declines as alternative end points for clinical trials.
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Introduction
Diabetic nephropathy remains the main cause of end stage renal disease (ESRD) in developed
countries, although angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARBs) have been proved to be effective treatments in slowing the progression of
kidney disease and are widely used.1-3 New treatments are needed to mitigate the burden of
disease.
Evaluating the efficacy of new treatments in large scale trials requires use of clinically
meaningful end points. A doubling of serum creatinine value reflects a large decline in
glomerular filtration rate (GFR) and is a well-accepted surrogate for kidney disease
progression. Doubling of serum creatinine level has been used often in combination with ESRD
as a composite end point in clinical trials of diabetic nephropathy and other causes of chronic
kidney disease.
Doubling of serum creatinine is a late event in the progression of kidney disease; thus
it is most appropriate in clinical trials for patients with later stages of kidney disease or those
with rapid progression in order to obtain sufficient end points within a realistic period.
Exclusion of patients with earlier stages of kidney disease is particularly unfortunate because
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interventions in the early course of the disease may be more efficacious and cost-effective than
at later stages of disease.4
One strategy to overcome this problem might be to adopt smaller changes in estimated
GFR (eGFR) as a component of a composite kidney end point. Possibly this strategy could
increase the number of patients with end points, thereby increasing the statistical power of the
trial and reducing the number of patients or follow up times and, consequently, trial expense.
One of the challenges to this strategy is that ACE-inhibitors and ARBs differentially affect
GFR over time. They cause an initial (“acute”) decrease in GFR, followed by slower long-term
(“chronic”) GFR decline.5-7 End points based on smaller declines in GFR are more likely to be
confounded by acute effects on GFR, thus complicating the interpretation of the trial results.
The Reduction of End points in Non-Insulin Dependent Diabetes With the Angiotensin
II Antagonist Losartan (RENAAL) and Irbesartan Diabetic Nephropathy Trial (IDNT)
demonstrated that the ARBs losartan and irbesartan decreased the incidence of serum creatinine
doubling or ESRD.1,2 We performed a post hoc analysis of these trials to determine whether
adopting lesser decreases in eGFR as end point would have yielded more end points while
maintaining similar magnitude of treatment effects, and whether acute effects on GFR decline
would have influenced these results.
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Methods
Patient population and study design
Both RENAAL and IDNT were international, randomized, double-blind, placebo-controlled,
clinical trials that assessed the effect of losartan and irbesartan, respectively, versus placebo in
patients with type 2 diabetes and nephropathy. IDNT also included a calcium channel blocker
arm. The study design, inclusion and exclusion criteria, and outcome measures have been
reported elsewhere.8,9 In brief, patients aged 30-70 years with type 2 diabetes and nephropathy,
defined as serum creatinine level of 1.0-3.0 mg/dL and proteinuria were enrolled in both trials.
Proteinuria was defined as urinary total protein excretion rate >900 mg/d in IDNT and as
urinary albumin excretion rate >500 mg/d or urinary albumin-creatinine ratio from a first
morning void >300 mg/g in the RENAAL study. Exclusion criteria for both trials were type 1
diabetes and nondiabetic kidney disease.
After a screening phase, patients were randomly assigned to either losartan (50 mg/d
[titrated to 100 mg/d after 4 weeks]) or matched placebo in RENAAL, or to irbesartan (75 mg/d
[stepwise uptitrated to 300 mg/day after 4 weeks], amlodipine 2.5 mg/day (step-wise up titrated
to 10 mg/d after 4weeks]) or matched placebo in IDNT. Blood pressure was targeted to 140/90
mmHg in RENAAL and 135/85 mmHg in IDNT. If the blood pressure targets were not
achieved by the assigned treatments, open-label antihypertensive medications were prescribed,
such as diuretics, calcium channel blockers or β-blockers (but not ACE inhibitors or ARBs).
Since IDNT included a calcium channel blocker arm, open label calcium channel blockers were
not allowed in this trial. The median duration of follow-up was 3.4 years in RENAAL and 3.0
years in IDNT. RENAAL and IDNT were conducted according to the principles outlined in the
Declaration of Helsinki. All patients signed informed consent. The protocol was approved by
all relevant ethics committees.
Study visits and measurements
Participants were seen at a screening visit, randomization visit, at 1 and 3 months after
randomization, and subsequently at 3-month intervals. All patients were treated according
national and international treatment guidelines. The timing, selection, and dose of all
concomitant medications used to achieve guideline-recommended targets were at the
responsible physician’s discretion. At each visit, serum creatinine and electrolytes were
measured, as well as blood pressure and proteinuria. Serum creatinine assays were not
calibrated to current reference standards. Serum creatinine values were reduced by 5% to
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calibrate serum creatinine values to creatinine assays standardized to isotope-dilution mass
spectroscopy-traceable reference methods for use in the CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) creatinine equation to estimate GFR. 10 Twenty-one individuals
in IDNT with missing baseline eGFR values were excluded from the analysis.
Definition of established and alternative kidney end points
The original end point used in both trials was time from baseline to the first confirmed doubling
in serum creatinine value or ESRD (defined as initiation of long-term dialysis therapy or kidney
transplantation [or serum creatinine level >6.0 mg/dL in IDNT]). In both trials, ESRD end
points were adjudicated by independent outcome committees blinded to group allocation using
rigorous end point definitions. Confirmation of doubling of serum creatinine level was a
sustained elevation for 4 weeks.
For our analysis, we defined 2 established end points as time from baseline to the first
occurrence of (1) ESRD as defined in the previous paragraph or (2) the composite of a
confirmed doubling in serum creatinine value from baseline, eGFR <15 mL/min/1.73m2
(restricted to people who started the study with baseline eGFR >25 mL/min per 1.73m2) or
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ESRD. The eGFR threshold of 15 mL/min/1.73m2 is consistent with the definition of kidney
failure from KDIGO (Kidney Disease: Improving Global Outcomes) and was chosen in order
to include an objective component to the end point because the decision to initiate dialysis
therapy or kidney transplantation may be affected by factors other than GFR. We defined
alternative end points as the time from baseline to the first occurrence of a composite of a
confirmed relative decline in eGFR, eGFR <15 mL/min/1.73m2, or ESRD. The confirmed
relative declines in eGFR were 20%, 30%, 40%, and 57% from the baseline measurement. Of
note, these declines are equivalent to an increase in serum creatinine level from baseline of
20%, 34%, 53%, and 100% (doubling), respectively. Confirmation was defined as sustained
eGFR decline until the next visit (3 months). To assess the impact of the duration of followup, subsequent analyses were conducted restricting follow-up to 12, 18, and 24 months.
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Analyses using eGFR at 3 months as baseline
To assess the impact of acute effects of ARBs on GFR on the comparison of established and
alternative end points, we conducted an additional analysis calculating eGFR change from
month 3 of follow-up. Missing observations at the month-3 visit (N=350) were imputed using
postrandomization eGFR values recorded between 2 and 5 months.
Statistical Analysis
Unadjusted Cox proportional hazard regression analysis was performed to assess the treatment
effect on the established and alternative end points. The proportional hazard assumption was
verified by visual inspection of the Kaplan-Meier plot and by testing the significance of the
correlation coefficient between survival time and the scaled Schoenfeld residuals. The
precision of the treatment effect on the established and alternative end points was reflected by
the standard error of the treatment effect. The significance of the treatment effect was
calculated by z score, which can be calculated from log hazard ratio (HR; b)/standard error.
The z scores more negative (smaller) than -1.96 demonstrate a significant treatment effect in
favor of losartan or irbesartan when using a 2-sided type 1 error of 5%, without multiple
comparison adjustment. Analyses were performed using SAS, version 9.2 (SAS Institute Inc),
and R statistical software, version 2.14.1 (R Project for Statistical Computing).
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Results
Key baseline characteristics of RENAAL and IDNT are listed in Table 1. Baseline
characteristics were well balanced among randomized treatment groups. Persons participating
in IDNT had slightly higher blood pressure, albuminuria, and eGFRs at study entry. During
follow-up, there were 341 (22.5%) and 286 (16.8%) ESRD events in RENAAL and IDNT and
509 (33.6%) and 476 (28.1%) composite established end points defined as eGFR <15
mL/min/1.73m2 (for people who started the study with baseline eGFR >25 mL/min/1.73m2),
doubling of serum creatinine level, or ESRD, respectively (Table 2). As expected, adopting
lesser declines in eGFR as the alternative end point increased the number of events and
restricting the duration of follow-up decreased the number of events for each alternative end
point (Table 2).
Treatment effects using prerandomization eGFR as baseline
The number of alternative end points during the first 3 months of follow-up was higher in the
ARB compared to the placebo or amlodipine treatment arm, but the pattern reversed during
longer follow-up intervals (Supplement Table S1). Treatment effects of losartan and irbesartan
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on established and alternative end points and their standard errors are summarized in Figs 1-3,
left panels. At each follow-up period, there was increased precision of the treatment effect
(smaller standard error) for alternative end points with lesser decline in eGFR (e.g. standard
error of 0.09 for eGFR decline of 57% vs. 0.06 for 20% during the full duration of follow-up
in RENAAL; top left panels, Figs 1-3). The precision decreased (larger standard error) with
shorter follow-up (e.g. 0.09 in the full duration of follow-up vs. 0.20 for 12 months for eGFR
decline of 57%).
Over the full duration of follow up, effect sizes (where effect size is 1 – HR x 100%)
of losartan on the established end points of ESRD or the composite of doubling of serum
creatinine, eGFR <15 mL/min/1.73m2, or ESRD were 27% (HR, 0.73; 95% confidence interval
[CI], 0.59 – 0.90) and 18% (HR, 0.82; 95% CI, 0.69 – 0.97), respectively (Fig 1, left panel).
During this same interval, the treatment effect of losartan on the alternative end point consisting
of the composite of ESRD, eGFR <15 mL/min/1.73m2, or a confirmed 57% eGFR decline was
similar (effect size, 20%; HR, 0.80; 95%CI, 0.67 – 0.94) to the established composite end point
and decreased when the 57% eGFR decline was replaced by a 40% eGFR decline (effect size,
9%; HR, 0.91; 95% CI, 0.78 – 1.04), further decreased for the 30% eGFR decline, and reversed
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for the 20% eGFR decline. As a result of decreasing effect sizes, the z-scores did not become
smaller for alternative end points using lesser declines in eGFR.
If the duration of follow-up was restricted to 24, 18, and 12 months, results were similar.
That is, the magnitude of the treatment effects generally attenuated with lesser eGFR declines.
Attenuation of the treatment effect offset the effect on the z-score of the increase in precision,
such that the z-scores did not become smaller when using alternative end points with lesser
eGFR declines (Fig 1).
Comparable results were observed in IDNT (Fig 2 and 3, left panels), although the
standard errors were larger, reflecting smaller number of patients enrolled in the treatment
arms. In general, treatment effect attenuated with lesser eGFR declines, preventing more
negative z-scores despite improved precision.
Results were essentially similar when the alternative end point included the composite
of eGFR decline and ESRD alone (Supplement Table S2).
Treatment effects using eGFR at 3 month as baseline
When using the 3 month follow-up visit as the baseline, the precision of the treatment
effect again was higher with alternative end points using lesser declines in eGFR at each
follow-up period (Figs 1-3, right panels). There was little attenuation of the treatment effect of
losartan (Fig 1), but a modest decrease in the treatment effect of irbesartan (Figs 2 and 3).
Consequently, the z-scores for 40%, 30%, and 20% eGFR decline for treatment comparisons
at shorter follow-up intervals were comparable to a 57% eGFR decline.
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Table 1: Baseline characteristics of the RENAAL and IDNT populations.
Parameter

RENAAL

IDNT

Placebo

Losartan

Placebo

Amlodipine

Irbesartan

N=762

N=751

N=565

N=557

N=572

60.3 (8)

60.0 (7)

58.3 (8)

59.1 (8)

59.3 (7)

494 (64.8)

462 (61.5)

399 (70.6)

354 (63.6)

375 (65.6)

White

377 (49.5)

358 (47.7)

413 (73.1)

385 (69.1)

431 (75.3)

Black

105 (13.8)

125 (16.6)

76 (13.5)

84 (15.1)

63 (11.0)

Hispanic

137 (18.0)

140 (18.6)

26 (4.6)

29 (5.2)

28 (4.9)

Asian

135 (17.7)

117 (15.6)

27 (4.8)

33 (5.9)

24 (4.2)

Other

8 (1.0)

11 (1.5)

23 (4.1)

26 (4.7)

26 (4.5)

153.2 (20)

151.8 (19)

158.2 (21)

159.7 (19)

160.5 (19)

82.4 (11)

82.4 (10)

86.9 (11)

87.0 (11)

86.8 (11)

Body Mass Index (kg/m )

29.4 (6.2)

30.0 (6.4)

30.6 (5.9)

30.9 (5.9)

31.1 (5.5)

Hemoglobin A1c (%)

8.4 (1.6)

8.5 (1.7)

8.2 (1.8)

8.2 (1.7)

8.1 (1.7)

LDL cholesterol (mg/dL)

142.3 (45)

142.1 (47)

141.7 (49)

141.4 (42)

144.8 (47)

HDL cholesterol (mg/dL)

44.9 (15)

45.2 (16)

42.4 (14)

42.2 (14)

42.6 (14)

Hemoglobin (mg/dL)

12.5 (1.8)

12.5 (1.8)

13.0 (1.9)

12.9 (1.9)

12.9 (1.9)

Serum creatinine (mg/dL)

1.9 (0.5)

1.9 (0.5)

1.7 (0.6)

1.7 (0.6)

1.7 (0.5)

41.4 (13.5)

41.1 (12.7)

50.5 (20.0)

50.3 (18.5)

49.8 (18.9)

1261

1237

1623

1415

1502

[569 – 2473]

[546 – 2666]

[776 – 2791]

[712- 2485]

[809 – 2829]

257 (33.7)

265 (35.3)

247 (43.7)

249 (44.7)

273 (47.7)

Diuretic (n. %)

436 (57.2)

442 (58.9)

265 (46.9)

255 (45.8)

275 (48.1)

β blocker (n. %)

140 (18.4)

137 (18.2)

108 (19.1)

96 (17.6)

106 (18.5)

CCB (n. %)†

546 (71.7)

532 (70.8)

215 (38.1)

209 (37.5)

229 (40.0)

Age (year)
Gender, male (n. %)
Race (n. %)

Systolic BP (mmHg)
Diastolic BP (mmHg)
2

eGFR (mL/min/1.73m )
2

ACR (mg/g) [median, IQR]

CVD history (n.%)

4

Antihypertensive med.

Note: Data are Mean and standard deviation unless otherwise indicated.† Open label CCB were discontinued in the IDNT
trial
Abbreviations: ACR, albumin:creatinine ratio; BP, blood pressure; CVD, cardiovascular disease; eGFR, estimated
glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; med, medication
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decline was calculated from baseline (lower left) or month 3 (lower right). The dotted

horizontal line in each middle panel indicates statistical significance (z-score=-1.96). Top

panels indicate the standard error of the log hazard ratio. The dotted vertical lines in lower

panels indicate the 95% confidence interval.

509 (33.6)

Composite

510 (34.6)

738 (48.8)

929 (61.4)

1127 (74.5)

57%

40%

30%

20%

1114 (65.8)

872 (51.5)

663 (39.1)

440 (29.5)

476 (28.1)

286 (16.8)

IDNT

914 (60.4)

674 (44.5)

474 (31.3)

290 (19.7)

285 (18.8)

159 (10.5)

RENAAL

832 (49.1)

579 (34.2)

382 (22.6)

232 (15.5)

254 (15.0)

146 (8.6)

IDNT

24 months

767 (50.7)

523 (34.6)

332 (21.9)

195 (12.9)

193 (12.9)

90 (5.9)

RENAAL

642 (37.9)

396 (23.4)

251 (14.8)

149 (8.8)

165 (9.7)

103 (6.0)

IDNT

18 months

creatinine level (EGS) and on alternative kidney end points defined as the composite of ESRD,

eGFR <15 mL/min/1.73m2, or proportional changes in eGFR (57%, 40%, 30%, or 20%). Lower

panels shows the treatment effect on the established and alternative end points if the eGFR
597 (39.5)

364 (24.1)

201 (13.2)

104 (7.1)

90 (6.0)

32 (2.1)

RENAAL

end points (black squares in lower panels) of end-stage renal disease (ESRD; E) or composite
451 (26.6)

257 (15.1)

144 (8.5)

86 (5.6)

92 (5.4)

57 (3.4)

IDNT

Figure 1: Treatment effect of losartan versus placebo in RENAAL on the established kidney

of ESRD, estimated glomerular filtration rate (eGFR) <15 mL/min/1.73m2, doubling of serum

Note: Numbers of participants with end points are reported during the overall follow-up period and after 24, 18, and 12 months. Values are given as number of events (percentage).
Abbreviations: eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; SCr, serum creatinine.
a
At 41 months/36 months.
b
Composite end point: ESRD, eGFR <15mL/min/1.73m2, or doubling of SCr.
c
Composite end point: ESRD or eGFR <15 mL/min/1.73m2.

or eGFR decline

Composite of ESRD/eGFRc

of ESRD/eGFR/SCr

341 (22.5)

Dialysis

b

RENAAL

Overalla

Table 2: Number of patients with established and alternative kidney end points observed in RENAAL and IDNT

End point

70
12 months

Chapter 4 – Estimated GFR decline as a surrogate end point for kidney failure
____________________________________________________________________________________________________________________
Chapter 4 – Estimated GFR decline as a surrogate end point for kidney failure
___________________________________________________________________________

Chapter 4 – Estimated GFR decline as a surrogate end point for kidney failure
___________________________________________________________________________
Figure 1: Treatment effect of losartan versus placebo in RENAAL on the established kidney
end points (black squares in lower panels) of end-stage renal disease (ESRD; E) or composite
of ESRD, estimated glomerular filtration rate (eGFR) <15 mL/min/1.73m2, doubling of serum
creatinine level (EGS) and on alternative kidney end points defined as the composite of ESRD,
eGFR <15 mL/min/1.73m2, or proportional changes in eGFR (57%, 40%, 30%, or 20%). Lower
panels shows the treatment effect on the established and alternative end points if the eGFR
decline was calculated from baseline (lower left) or month 3 (lower right). The dotted
horizontal line in each middle panel indicates statistical significance (z-score=-1.96). Top
panels indicate the standard error of the log hazard ratio. The dotted vertical lines in lower
panels indicate the 95% confidence interval.
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Figure 2: Treatment effect of irbesartan versus placebo in IDNT on the established kidney end
points (black squares in lower panels) of end-stage renal disease (ESRD; E) or composite of
ESRD, estimated glomerular filtration rate (eGFR) <15 mL/min/1.73m2, doubling of serum
creatinine level (EGS) and on alternative kidney end points defined as the composite of ESRD,
eGFR <15 mL/min/1.73m2, or proportional changes in eGFR (57%, 40%, 30%, or 20%). Lower
panels shows the treatment effect on the established and alternative end points if the eGFR
decline was calculated from baseline (lower left) or month 3 (lower right). The dotted
horizontal line in each middle panel indicates statistical significance (z-score=-1.96). Top
panels indicate the standard error of the log hazard ratio. The dotted vertical lines in lower
panels indicate the 95% confidence interval.
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Figure 3: Treatment effect of irbesartan versus amlodipine in IDNT on the established kidney
end points (black squares in lower panels) of end-stage renal disease (ESRD; E) or composite
of ESRD, estimated glomerular filtration rate (eGFR) <15 mL/min/1.73m2, doubling of serum
creatinine level (EGS) and on alternative kidney end points defined as the composite of ESRD,
eGFR <15 mL/min/1.73m2, or proportional changes in eGFR (57%, 40%, 30%, or 20%). Lower
panels shows the treatment effect on the established and alternative end points if the eGFR
decline was calculated from baseline (lower left) or month 3 (lower right). The dotted
horizontal line in each middle panel indicates statistical significance (z-score=-1.96). Top
panels indicate the standard error of the log hazard ratio. The dotted vertical lines in lower
panels indicate the 95% confidence interval.

4

Discussion
In this study, we tested a strategy of adopting lesser declines in eGFR as alternative end points
for progression of kidney disease in 2 large trials of ARBs for diabetes and nephropathy.
Compared to the established end point of a doubling of serum creatinine value (equivalent to a
57% eGFR decline), we observed a larger number of alternative end points, leading to greater
precision of the estimate of treatment effects. However, we also observed attenuation of the
magnitude of the treatment effect, which prevented a gain in statistical significance. However,
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when eGFR decline was computed from month 3 of follow-up rather than from the
prerandomization value, attenuation of the treatment effect was less. These results suggest that
despite increases in precision, use of alternative end points with eGFR declines less than a
doubling of serum creatinine level may not improve statistical power, particularly in settings
in which a drug exerts an acute effect on GFR opposite in direction to the long term chronic
effect.
As previously shown,7,11 losartan and irbesartan caused a reduction in eGFR during the
first month of treatment (acute effect), whereas they slow the rate of eGFR decline in the
ensuing years (chronic effect). Based on studies in experimental models, 12 the acute effect is
hypothesized to reflect a reversible decline in single-nephron GFR, whereas the chronic effect
is hypothesized to reflect a slowing in the irreversible loss in nephrons. In our analysis, the
acute effect led to additional end points in the ARB treatment arm that diluted the chronic
treatment effect. The treatment effect could be demonstrated by excluding the impact of the
acute effect by computing eGFR decline from 3 months after baseline. Computing eGFR
decline from a postrandomization baseline would violate the principles of randomized study
design because the treatment groups can differ at this point as a result of the treatment. For
drugs without acute effects on GFR, adopting lesser declines in eGFR as alternative end points
may be less likely to lead to attenuation of the treatment effect. An alternative explanation of
the attenuation of the treatment effect may be that the magnitude of the ARB treatment effect
is proportional to the underlying rate of decline in eGFR, leading to larger treatment effects
among patients with larger eGFR declines and smaller treatment effects among subjects with
smaller eGFR declines. In this setting, including lesser eGFR declines in the clinical trial end
point attenuates the treatment effect.13,14 This would not be affected by computing eGFR
decline from a postrandomization baseline.
What are the implications of our study? The currently established kidney end point for
clinical trials of kidney disease progression is the composite of doubling of serum creatinine
level or ESRD. These end points are late events in the progression of kidney disease, leading
to complex and large trials requiring significant human and financial resources. In addition, in
order to obtain sufficient end points within a reasonable time, patients at earlier stages of kidney
disease, who may particularly benefit from therapy, typically are excluded from these
confirmatory trials. These considerations may have hampered the development of interventions
for slowing the progression of diabetic nephropathy and other causes of chronic kidney disease.
Our findings suggest that for drugs with an acute effect on GFR, lesser eGFR declines as end
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point may not improve statistical significance. When we used month 3 of follow-up as baseline,
we observed that similar statistical significance could be achieved in some cases with shorter
follow-up intervals by using lesser eGFR decline thresholds. This is consistent with the
possibility that using lesser thresholds may allow shorter up follow-up periods in certain
situations when an acute effect is not expected. However, these results were not consistent
across all intervals, and we suggest that these findings should be confirmed in future clinical
trials. Such studies, if possible, should focus on patients at earlier stages of disease when
intervention may have a greater beneficial impact. In addition, they preferably should include
analysis of multiple clinical trials including populations with various causes of chronic kidney
disease receiving different interventions to most reliably assess the robustness of the proposed
alternative kidney end points.
The strength of this study is the availability of individual patient data from 2
independent clinical trials of study populations with similar disease characteristics treated with
a similar class of agent, a comprehensive analysis of alternative end points and durations of
follow-up, and the comparability of the results. In addition, the availability of eGFR recordings
at 3-month interval allowed use of confirmed end points for all analyses and evaluation of the

4

acute effect.
This study has limitations. First, results of this study should be interpreted in the context
of the enrolled population with its specific disease characteristics, evaluated interventions, and
applied clinical trial designs. It is possible that different results would be obtained in other
populations or in other trials using different drugs or dietary interventions. Second, the analysis
of the treatment effect using month 3 as the baseline measurement violates the randomization
principle and may be subject to bias. Therefore, results can only be interpreted as hypothesis
generating.
In conclusion, adopting eGFR declines less than a doubling of serum creatinine level
as clinical trial end points may not improve statistical power, particularly for drugs that exert
acute GFR effects, such as ARBs. These results should be taken into account when developing
alternative definitions for kidney end point in clinical trials.
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