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ABSTRACT

Background. Glomerular filtration rate (GFR) decline >30% over 2 years can substitute for the conventional ‘doubling of serum
creatinine’ to predict end-stage renal disease in patients with native kidneys. While chronic kidney disease trajectory is less
predictable in transplanted patients, recent data have suggested that similar GFR decline might be an acceptable surrogate
for long-term transplant outcome. We sought (i) to confirm the prognostic value of an early GFR decline in kidney

transplant recipients and (ii) to determine whether using direct measurement of GFR with inulin improves the performance
of this surrogate.

Methods. We retrospectively analysed all recipients transplanted between 1989 and 2000 in our centre, with inulin-measured
and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)-estimated GFR at 1 and 5 years post-transplant, and
evaluated the performance [time-dependent area under the receiver operating characteristic curve (ROC AUC) and
subdistribution hazard ratio (sdHR) with competing risk model] of GFR change to predict graft failure and all-cause

mortality.

Results. Out of 417 kidney transplant recipients, 116 patients had lost their graft and 77 had died 16 years after
transplantation. While being significantly associated with graft failure [sdHR = 2.37 (95% confidence interval 1.47-3.83)],
CKD-EPI-GFR decline >30% failed to appropriately predict long-term graft survival (C-statistics of 0.63). Concordance
between inulin-GFR and CKD-EPI-GFR to detect similar GFR change was only 53%. Inulin-GFR change was, however, not a
better predictor (C-statistics of 0.59). Comparable results were observed for mortality.

Conclusions. Our data suggest that early GFR decline is a poor surrogate for long-term transplant outcome, even when
change in GFR is directly measured by a reference method.

Keywords: CKD-EPI equation, glomerular filtration rate decline, inulin, kidney transplantation, prognosis
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INTRODUCTION

The ultimate goal of any therapeutic strategy in transplantation
is to increase both graft and patient survivals. In the context of
clinical trials, those so-called hard endpoints are problematic.
They usually occur very late in the course of a kidney transplan-
tation and are thus not easy to capture during the short
observational period of most trials. One solution is to develop
surrogate markers that are easily assessed during the early
post-transplant period and reliably substitute for long-term
outcome [1-4]. In kidney transplantation, the 1-year post-
transplant graft function evaluated by serum creatinine (SCr)
concentration or even better, by creatinine-estimated glomeru-
lar filtration rate (eGFR), has long been and is still used as a pri-
mary endpoint in many transplant trials [5]. However, its value
as a proxy for late complications has been seriously questioned.
While significantly associated with graft loss [3, 6-8], the level
of renal graft function at a fixed time point post-transplant
remains a poor predictor of long-term outcome. This is primar-
ily due to its static nature. Not surprisingly, alternative dynamic
approaches taking into account GFR change over a certain
period of time provide better prediction. We and others have
previously reported that slope of GFR over time was much more
strongly associated to graft and recipients’ survival than the
GFR value observed at the end of the first-year post-transplant
[9-11]. More recently, Clayton et al. gave further credence to the
longitudinal evaluation of GFR as an operational surrogate
marker for kidney transplant-related long-term complications
[12]. Following the demonstration that in patients with chronic
native kidneys disease, an eGFR decline >30% over 2years was
a sharp indicator as the classical ‘doubling of SCr concentration’
[13], they proposed to validate this 30% cut point for predicting
long-term adverse outcome in kidney transplant recipients.

Commonly used creatinine-based estimating GFR equations
[i.e. the Modification of Diet in Renal Disease (MDRD) Study
equation and the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation] have been derived from non-
transplant patients and may lack accuracy in the context of
kidney transplantation [14-16]. The inability of those equations
to optimally reflect true GFR might be concerning, especially in
the context of clinical trials using renal graft function as an end-
point. In this situation, the systematic utilization of a reference
method to directly measure GFR can be justified [17-19]. As for
longitudinal GFR change, Gera et al. showed that GFR estimating
equations greatly underestimate the true decline of renal graft
function [20]. Extended to the notion that a GFR decline >30%
could be an appropriate surrogate endpoint in transplant trials,
those considerations suggest that measuring, rather than esti-
mating, GFR decline might even further improve its prognosis
performance. Whether a direct measurement of GFR confers a
better prediction of long-term morbidities associated with kid-
ney transplantation is, however, not certain. Creatinine eGFR
might actually integrate prognosis information that is not cap-
tured by reference methods using exogenous GFR markers [21].
Interestingly, two recent studies have reported that, as
compared with eGFR, decline in measured GFR (mGFR) did not
consistently show stronger association with the risk of mortal-
ity and end-stage renal disease (ESRD) in patients with native
kidneys [22, 23]. To our knowledge, similar comparison has
never been carried out for kidney transplant recipients.

Herein, we sought to evaluate, in kidney transplantation, the
performance of the creatinine-based CKD-EPI equation to detect
a decline in GFR >30% and to test its ability to predict 16-year

post-transplant graft and patient survival in comparison with a
GFR decline of the same magnitude but measured by inulin
clearance.

MATERIALS AND METHODS
Study population

We analysed all single kidney transplantations performed in
the transplant centre of Saint-Etienne (France) between January
1989 and December 2000 (n=621). We selected patients having
a functioning graft at 5 years post-transplant and for whom
inulin-mGFR was available, corresponding to the 1 and 5 years
post-transplant, with concomitant SCr dosage (n=417). Patients
were followed-up to death or to 31 December 2016. The study
protocol was approved by our Institutional Review Board and
was conducted in accordance with good international clinical
practice guidelines.

Evaluation of GFR

GFR measurement by inulin clearance. Urinary clearance of inu-
lin was conducted according to the continuous infusion
method. After a loading dose of 300 mg/kg (half-dose if SCr con-
centration was >160 pmol/L) of INUTEST™ 25% (Fresenius, Linz,
Austria), continuous infusion of 400 mg/kg of inulin diluted in a
10% mannitol solution was started. After an equilibration period
of 45min, two or three clearance periods of 30 min each were
analysed. Urine samples were collected by spontaneous void-
ing. Blood samples, drawn from the arm opposite the infusion
site, were obtained at the midpoint of each clearance period.
Inulin concentrations were quantified according to standard
colorimetric assay (resorcinol method) on a UV1205 spectropho-
tometer (Shimadzu, Kyoto, Japan). GFR was measured as the
mean of at least two urinary clearances of inulin with the for-
mula UV/P, where U and P are inulin concentrations in urine
and plasma, respectively, and V is urine flow rate (mL/min). GFR
was corrected per 1.73m? of body surface area. In our centre,
the mean intra-individual coefficient of variation for this inulin
clearance procedure has been previously determined at 8.4%.

GFR estimation by CKD-EPI formula. SCr was collected at the
same day of the inulin clearance measurement. GFR was esti-
mated using the CKD-EPI 2009 creatinine-based equation:

eGFR = 141 x min(Scr/x)* x max(Scr/x)~ 2% x 0.993%€¢
x 1.018 (if female) x 1.159 (if Black)

where Scr is serum creatinine in mg/dL; k=0.7 for females and
0.9 for males; o = —0.329 for females and —0.411 for males; min
indicates the minimum of Scr/x or 1 and max indicates the
maximum of Scr/x or 1.

SCr concentrations were quantified by an isotope dilution
mass spectrometry (IDMS)-traceable enzymatic method (Crea
Vitros, Ortho-Clinical Diagnostics, Issy-les-Moulineaux, France).

Evaluation of GFR decline

GFR change was calculated as the relative variation between 1
and 5 years post-transplant: (5-year post-transplant GFR -
1-year post-transplant GFR)/(1-year post-transplant GFR) x 100%.
Percent change in GFR was evaluated over a 4-year period since
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inulin clearance determination is routinely performed in our cen-
tre at 1 and 5 years after transplantation.

Outcomes

Two outcomes were considered: graft loss defined as initiation
of dialysis or pre-emptive retransplantation and all-cause mor-
tality. For each patient, occurrence of those two outcomes was
monitored over a fixed, pre-specified follow-up period of 16-
year post-transplantation.

Statistics

Distribution and agreement between mGFR versus eGFR varia-
tion between 1 and 5 years post-transplant were analysed by
the Bland and Altman method.

Prognostic evaluation of GFR change between Years 1 and 5
as a risk factor for transplant outcomes was conducted for a
fixed follow-up of 11years after the fifth anniversary of trans-
plantation. Three thresholds for mGFR or eGFR decline were
tested: —20, —30 and —50%. We primarily chose the threshold of
—30% since it was recently validated in both the general and
transplant populations. Additionally, to test the robustness of
our result, we wanted to test also a more stringent (—50%) and a
more liberal threshold (—20%). For each of these thresholds,
patients were distributed into three categories of risk: GFR in-
crease, GFR decline inferior to the threshold and GFR decline su-
perior to the threshold.

GFR decline | 1667

Firstly, we compared the risk of cumulative incidences of all-
cause mortality and graft loss with a subdistribution hazard
competing risk model (Fine and Gray).

Secondly, respective performances of mGFR and eGFR
changes as predictors of 16-year post-transplant outcomes were
analysed by comparing:

(i) In terms of discrimination, C-statistics from time-dependent
ROC AUC.

(i) In terms of calibration, subdistribution hazard ratio (HR) of
all-cause mortality and graft failure.

A P-value of 0.05 was the level for statistical significance in
all analyses.

Patients lost to follow-up were censored at latest news.

SAS software version 9 (SAS Institute, Cary, NC, USA) and R
package ‘https://cran.r-project.org/web/packages/timeROC/
timeROC.pdf’ were used to calculate and compare C-statistics.

RESULTS
Study population

Out of 621 kidney transplantations performed between 1989
and 2000 in our centre, 491 recipients had a functioning graft at
1 year post-transplant and had undergone an inulin clearance
evaluation. Among them, 417 had a functioning graft at 5 years
post-transplant along with a usable value of inulin clearance.

Transplant kidney recipients
over the period 1989-2000
n =621

* Death:n =11

« Graft failure within the first year: n = 65
* Lost to follow-up: n = 6

 Unavailable medical records: n = 17

Transplant kidney recipients with a
functioning graft at one year post-transplant
n =522 (84%)

+ One year inulin clearance not available: n = 13
Delta = 1 year « Inulin clearance < 15 ml/min/1.73m? n = 11
« Unknown: n =7

At one year post-transplantation
Transplant kidney recipients
with CKD stages 1-4:

n =491 (79%)
« Exclusions: n = 74 (12%)
Delta = 4 « Death before 5 years: n = 17
elta = 4 years « Lost-of-follow-up before 5 years: n =5
*No GFR at 5 years: n = 52
Study p ion — at 5 years post-tr i
With measured GFR and creatininemia at 5 years:
n =417 (67%)

TO
« Lost to follow-up: n = 13
Delta = 11 years (3%) with functioning graft
(mean follow-up of 5.3 + 2.8 years)

11 years of follow-up (16 years post-transplantation)
« Starting dialysis: n = 116 (28%)
(1 death in 2 months post-dialysis)
« Death before starting dialysis: n = 77 (18%)

FIGURE 1: Flowchart detailing the exclusion and inclusion criteria for the creation of the population study cohort.
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Flow chart and characteristics of the study population are dis-
played in Figure 1 and Table 1, respectively.

Concordance between eGFR and mGFR changes

Overall, inulin clearance value increased between 1 and 5 years
post-transplant with a median change of +2.9% [interquartile
range (IQR) —17.9 to +28.6]. In contrast, the CKD-EPI estimation
resulted in a slight GFR decline with a median change of —0.2%

Table 1. Characteristics of the study population

Recipients (n =417)—at the time of transplant

Age (mean * SD), years 452=*125
Male gender, n (%) 290 (69)
Cause of renal disease, n (%)
Glomerulopathy 140 (34)
Diabetes 4(1)
Polycystic kidney disease 59 (14)
Hypertension 30 (7)
Interstitial nephritis 30(7)
Other 52 (13)
Unknown 102 (24)
Pre-emptive transplantation, n (%) 37 (9)
Retransplantation, n (%) 65 (15)
Donors
Age (mean * SD), years 38.2+13.7
Male, n (%) 295 (72)
Living donor, n (%) 13 (3)
Transplantation—baseline and 1year of transplantation
Cold ischaemia (mean = SD), h 26.72+9.3
HLA mismatches >3, n (%) 280 (67)
PRA >80% 34 (8)
Delayed graft function, n (%) 102 (24)
1-year rejection, n (%) 169 (41)
Steroid sensitive 98 (24)
Recipients—at 1-year post-transplantation
>1 Antihypertensive drug, n (%) 327 (79)
Inulin clearance (mean * SD), mL/min/1.73 m? 47.7 131
Urinary protein creatinine ratio (mean + SD), mg/g 184 +528.8
Proteinuria <300, n (%) 312 (75)
300 < proteinuria < 1000, n (%) 47 (11)
1000 < proteinuria, n (%) 18 (4)
Not available 40 (10)
Immunosuppressive regimen, n (%)
Without CNI 12 (3)
With CNI 405 (97)

PRA: panel reactive antibodies; HLA: human leucocyte antigen; CNI: calcineurin
inhibitor.

(IQR —19.0 to +17.6; P=0.0004). Bland and Altman analysis
showed a poor concordance between eGFR and mGFR change
with limits of agreement ranging from —90.1 to 72.1%. Among
the 70 recipients with an inulin clearance decline >30%, only 37
patients were detected as such when GFR change was estimated
using the CKD-EPI equation. Among them, 30 (81%) had experi-
enced the event graft failure (n=20) or all-cause mortality
(n=10). Out of the 62 patients with a CKD-EPI-eGFR decline
>30%, 45 had experienced the event graft failure/all-cause mor-
tality. Among the latter, one-third had an inulin clearance de-
cline <30% (Table 2).

Association of GFR change with graft and patient
survival

Over the 11years of follow-up, 116 graft failures (28%) and 77
deaths (18%) were recorded corresponding to a rate of graft loss
of 46%. Figure 2 displays adjusted survival curves for long-term
outcome according to eGFR and mGFR decline and considering
graft loss and patient death as competing events. As for the out-
come ‘all-cause mortality’, a decline in eGFR superior to 30%
Syears after transplantation was associated to a relatively con-
stant excess risk of mortality as early as 80 months post-
transplantation. A virtually identical relationship was observed
when the same decline in GFR was considered based on inulin
evaluation (Figure 2A). Similarly, eGFR and mGFR decline exhib-
ited comparable association with the risk for graft failure.

Considering the threshold of 30%, strength of associations of
GFR change with subsequent risk for graft failure and all-cause
mortality was not different when GFR was measured by inulin
clearance or estimated with the CKD-EPI equation (Figure 3). A
decline in GFR >30% was associated to, approximately, a 2.4-
fold increased risk of graft loss irrespective of the method used
for GFR evaluation {HR of 2.40 [95% confidence interval (CI)
1.44-4.00] and HR of 2.37 (1.47-3.83) for inulin-mGFR and CKD-
EPI-eGFR decline, respectively}. Alternative thresholds of 20 and
50% were also significantly associated to higher risk for graft
loss with, here again, no difference in the strength of this asso-
ciation according to the way GFR change was evaluated
(Table 3). Whether inulin clearance or the CKD-EPI equation
was used to categorize patients also did not significantly impact
the value of HRs for all-cause mortality (Table 3).

Performance of mGFR and eGFR changes to predict 16-
year post-transplant outcomes

In terms of performance to predict 16-year post-transplant graft
failure, CKD-EPI equation decline >30% exhibited a relatively
low C-statistic of 0.628 (0.568-0.688). Evaluation of GFR decline
by inulin clearance was not significantly different, with C-

Table 2. Contingency table according to eGFR and mGFR decline (threshold of 30%) with subsequent graft failure and all-cause mortality

eGFR decline >30%

mGFR decline >30%

mGFR decline <30%

Total

eGFR decline <30%

Total

n=37
Graft loss: 20
All-cause mortality: 10
n=33
Graft loss: 15
All-cause mortality: 8
n=70
Graft loss: 35
All-cause mortality: 18

n=25
Graft loss: 11
All-cause mortality: 4
n=322
Graft loss: 70
All-cause mortality: 55
n=347
Graft loss: 81
All-cause mortality: 59

n=62
Graft loss: 31
All-cause mortality: 14
n=355
Graft loss: 85
All-cause mortality: 63
n=417
Graftloss: 116
All-cause mortality: 77
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B GFR change :
<-30% ( measured or estimated)
40 | >-30% (- measured or - estimated)

30+

20 -

Cumulative incidence of all-cause mortality (%)

1 1 1 1 1 1 1
60 80 100 120 140 160 180
=TO0
Time post-transplant (months)

FIGURE 2: Cumulative incidence function curves of graft failure (A) and all-cause mortality (B) according to GFR decline, either estimated (red) or measured (blue) from

1to 5 years post-transplant.
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FIGURE 3: Subdistribution HR (and 95% CI) for graft failure and all-cause mortal-
ity according to GFR decline, either estimated (circle) or measured (diamond)
from 1 to 5 years post-transplant.

statistics of 0.584 (0.523-0.646) (P=0.18; Table 4). As regard to
prediction of all-cause mortality, performances of the two
approaches were very close, with C-statistics of 0.548 (0.476-
0.620) and 0.528 (0.458-0.599) (P =0.55) for inulin-measured and
CKD-EPI estimated 30% decline, respectively. Exploration of al-
ternative thresholds (20 and 50%) did not permit to identify a
situation where inulin clearance-based approach significantly
outperformed the one based on the CKD-EPI equation.

DISCUSSION

Our results challenge the notion that early GFR decline could be
a good predictor for long-term outcome in renal transplantation.
With a C-statistic around 0.6, the criterion ‘30% GFR decline’
shows only suboptimal diagnostic performance and does not ap-
pear as a valuable surrogate marker for subsequent graft loss
and/or mortality. This is at odds with the recent analysis con-
ducted by Clayton and colleagues from the Australia and New
Zealand Dialysis and Transplant Registry [12]. By analysing more
than7900 renal transplant recipients, the authors found that 30%
GFR decline was significantly associated to graft loss and patient
death, more strongly than any other traditional surrogates, and
concluded that it should be considered for use as a proxy in
transplant trials. We believe that the discrepancy between
Clayton’s conclusion and ours is mainly driven by differences in
follow-up duration.

While median follow-up was 8.5 years in Clayton’s study, we
pre-specified a fixed longer follow-up of 16years for all our
patients, allowing us to validate the diagnostic performance of
the factor ‘30% GFR decline’ against a higher, and probably more
clinically relevant, number of ‘events’ (46% of uncensored graft
loss as opposed to 15% in Clayton’s study).

When considering longer follow-up, it may be not totally
surprising that early GFR decline lost its predictive ability,
especially given the natural trajectory of CKD in transplant
patients, which is probably less linear and less predictable than
what is usually observed in patients with native kidneys [24].
Irrespective of the underlying explanation, the overall perfor-
mance of the ‘30% GFR decline’ has to be improved, at least in
the context of transplantation trials. In this respect, albumin-
uria change over time has recently been shown to be indepen-
dently associated with ESRD and mortality in patients with
chronic native kidney disease [25]. Additionally, proteinuria and
albuminuria are associated to graft and recipients’ survival in
kidney transplantation [26, 27]. Taken together, those results
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Table 3. Subdistribution HRs for graft failure and all-cause mortality according to different thresholds of eGFR or mGFR decline

Graft failure Mortality
mGFR change eGFR change mGFR change eGFR change
HR (95% HR (95% HR (95% HR (95%
CI) P-value CI) P-value CI) P-value CI) P-value
20% GFR decline
<-20% 1.91 (1.13-3.24) 0.02 1.75 (1.11-2.76) 0.02 1.48 (0.76-2.87) 0.25 2.25 (1.15-4.40) 0.02
—-20to 0 1 0.003 1 <0.0001 1 0.40 1 0.06
>0 0.98 (0.60-1.60) 0.91 0.66 (0.42-1.01) 0.06 1.06 (0.60-1.87) 0.87 1.58 (0.87-2.87) 0.13
30% GFR decline
<-30% 2.40 (1.44-4.00) 0.0008 2.37 (1.47-3.83) 0.0004 2.55 (1.32-4.95) 0.006 2.10 (1.06-4.15) 0.03
—-30to0 1 0.0001 1 <0.0001 1 0.01 1 0.10
>0 0.96 (0.62-1.49) 0.87 0.66 (0.44-0.99) 0.05 1.24 (0.72-2.16) 0.44 1.31(0.79-2.18) 0.30
50% GFR decline
<-50% 4.79 (2.58-8.90) <0.0001 4.04 (2.31-7.05) <0.0001 1.81 (0.59-5.52) 0.30 1.40 (0.43-4.59) 0.58
-50to 0 1 <0.0001 1 <0.0001 1 0.46 1 0.84
>0 0.87 (0.59-1.28) 0.47 0.59 (0.40-0.88) 0.009 0.91 (0.58-1.44) 0.69 1.08 (0.69-1.70) 0.74

Table 4. Performance of different thresholds of eGFR or mGFR decline to predict graft failure and all-cause mortality at 16 years post-

transplantation

Graft failure

Mortality

mGFR change eGFR change

C-statistic 95% CI C-statistic 95% CI

P-value C-statistic 95% CI

mGFR change eGFR change

C-statistic 95% CI P-value

20% GFR decline 0.577 0.516-0.638 0.622 0562-0.682
30% GFR decline 0.584 0.523-0.646 0.628 0.568-0.688
50% GFR decline 0.578 0.518-0.638 0.622 0.564-0.680

0.17 0.534 0.464-0.604 0.533 0.462-0.605 0.98
0.18 0.548 0.476-0.620 0.528 0.458-0.599 0.55
0.18 0.526 0.459-0.594 0.513 0.447-0.580 0.70

call for testing a combined surrogate endpoints including
changes in both GFR and proteinuria/albuminuria.

The second important result of our study is that assessing
decline in renal graft function with a reference method of
GFR measurement does not improve our capacity to predict
long-term outcome as compared with a simple creatinine-
based GFR estimation. Albeit negative, this result is certainly
not meaningless considering the recent interest on validating
‘GFR decline’ as a surrogate marker for CKD-related complica-
tions [2, 4, 13]. While the futility of using a reference method of
direct GFR measurement in this specific setting has been
suggested in the CKD population with native kidneys [22], it is
the first time that this is reported in a transplant population.
We observed this result for the 30% GFR decline, which is the
threshold of interest in the recent literature [12, 13], but also for
the thresholds of 20 and 50%. Given the well-known tendency
of creatinine-based estimating to underestimate longitudinal
GFR changes in transplantation [20, 28], one could have antici-
pated a better sensitivity of a reference method in detecting
patients with steep declines. This tended actually to be the case
in our cohort with roughly 17% of patients detected as having a
decline >30% by inulin clearance as compared with 15% by the
CKD-EPI equation. This difference was, however, marginal and
more importantly did not translate into an improved predictive
performance for inulin clearance.

Importantly, our results should not be interpreted as a
definitive refutation of the utility of reference methods. On the
contrary, we report an extremely limited concordance between
mGFR and eGFR decline. This is well-illustrated by the fact

that 47% of patients with an inulin-measured decline >30%
are actually missed by the CKD-EPI equation. In situations
where an accurate evaluation of GFR change is mandatory, ref-
erence methods are probably still useful. For example, in the
pivotal trial comparing belatacept to cyclosporine in renal
transplantation, short-term superiority of belatacept in preserv-
ing renal function was only significant when GFRs were mea-
sured by iohexol clearance and not when they were simply
estimated by the MDRD study equation [29]. Similarly, while ref-
erence methods may not provide any added value for outcome
prediction at the population level, they are probably more reli-
able for longitudinal follow-up of individuals when the goal is to
intervene as early as possible, especially for patients with char-
acteristics known to impair applicability of creatinine-based
equations [16]. Finally, inulin-based approaches could still have
some predictive advantage as part of combined surrogate
markers (e.g. inulin clearances decline combined to albuminuria
change). Likewise, a more accurate estimation of GFR combin-
ing SCr and serum cystatin C might be of interest in this
context.

Strengths of our study are the use of a well-validated
reference method for GFR measurement, the homogeneous
management and the detailed phenotype of a monocentric co-
hort with very few patients lost of follow-up, the use of a statis-
tical approach deemed appropriate for prognosis research
question [30, 31] and finally, the deliberate choice of assessing
outcome after a fixed, pre-determined follow-up period to par-
allel the analysis plan of a clinical trial.
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Our study also has some limitations that warrant mention.
While the interest of a GFR decline >30% as a surrogate end-
point has been validated over a 2-year period [4, 12, 13], we only
had the opportunity to carry out our analysis over a 4-year pe-
riod since in our centre, inulin clearance is routinely performed
at 1 year and every 5 years post-transplant, and was thus not
available at intermediate time points. Whether our results
would hold true for a shorter period of time is theoretically
questionable. Moreover, because our cohort is of limited size
(especially in comparison of study population originated from
the merging of large numbers of multinational cohorts [13]), we
cannot totally rule out a lack of statistical power that would
have precluded us from detecting a significant advantage of the
inulin-mGFR decline. Finally, one may argue that the MDRD
study equation is the best creatinine-based estimator for renal
transplant recipients [15, 32]. The CKD-EPI equation is, however,
currently the estimator recommended by the majority of inter-
national guidelines and was accordingly the equation used to
test the validity of 30% GFR decline in previous studies [12, 13].

In conclusion, a decline in GFR >30% estimated by
creatinine-based equation early in the course of renal trans-
plantation does not permit accurate prediction of long-term
graft failure and all-cause mortality. Switching to a reference
method for directly measuring GFR decline does not improve
the overall predictive performance. Our data suggest that in the
context of a clinical trial, using early GFR decline alone as a sur-
rogate endpoint for long-term outcome might be misleading
and that alternative combined surrogates should be tested.
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