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Abstract

Early measures of graft function are increasingly used to assess efficacy in clinical trials of kidney transplant
immunosuppression. This study aimed to assess the variability and quality of reporting of these endpoints in
contemporary trials. Data regarding renal function endpoints were extracted from 213 reports from
randomised controlled trials comparing immunosuppressive interventions in renal transplant recipients
published between 2010 and 2014. 174 (81.7%) reports included a measure of renal function; in 44 (20.7%)
this was the primary endpoint. 103 manuscripts (48.4%) reported serum creatinine, 142 (66.6%) reported
eGFR and 26 (12.2%) reported measured GFR. Formulas used for GFR estimation were MDRD (42.3%),
Cockroft Gault (23.5%), Nankivell (15.0%) and CKD-EPI (0.9%). 6 studies (2.8%) did not report the formula used
to estimate GFR. 13.9% of endpoints had missing data. In 10 studies, disagreement was found in the
significance of findings using different measures of renal function. There is a great deal of variability in the
reporting of renal function endpoints, with a significant proportion of studies using under-performing or
inappropriate estimates. There is a need for consensus as to the best tool for monitoring and reporting renal

function post-transplant, and in particular for use in clinical trials and registries.



Abbreviations

BMI Body Mass Index

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration
Crcl Creatinine Clearance

eGFR Estimated glomerular filtration rate

GFR Glomerular filtration rate

MDRD Modification of Diet in Renal Disease

RCT Randomised Controlled Trial



Introduction

Advances in immunosuppression and patient care following renal transplantation have led to significant
reductions in early acute rejection rates with one-year graft survival in excess of 90%. Use of acute rejection,
graft survival, or composites of these endpoints in clinical trials is no longer feasible due to the large numbers
of participants required to demonstrate significant improvements in outcomes. Measures of early graft
function have been suggested to be reliable surrogates for medium to long-term graft survival, and so many

trials employ measures of renal function as primary or secondary endpoints (1-4).

Gold-standard for the assessment of renal function remains formal measurement of glomerular filtration rate
(GFR) by a reference method such as inulin clearance or radioisotope excretion. However, the time and cost
implications of these methods mean that they are usually impractical for use in the clinical trial setting, or
indeed for routine clinical use. Estimated glomerular filtration rate (eGFR) or creatinine clearance (CrCl), using
calculations based upon serum creatinine levels, are often used as more practical alternatives, but commonly
used eGFR equations have generally been derived from non-transplant patient populations and perform

variably in transplant recipients, with high levels of bias and low precision (5).

A previous review of trials in renal transplantation published between 2003 and 2008 demonstrated that the
use of renal function endpoints is common, with 28% studies using renal function as the primary endpoint (6).
Use of formal GFR measurements was uncommon, in just 9% trials, with eGFR preferred in 61%. The most

commonly utilised eGFR methods were the Cockroft-Gault (62%) and Nankivell (23%) equations.

Since this analysis, a number of studies have demonstrated that these commonly used equations
underperform in renal transplant recipients. Whilst the literature suggests that the MDRD equation
demonstrates superior performance to alternatives in transplant recipients, it does have limitations. The
formula was derived in a population of patients with end stage renal disease of varying stages, with a mean
GFR of just under 40 ml/min/1.73m? (7). It is known to under-estimate the true GFR in both renal and
transplant patents with GFR over 60 ml/min/1.73m? (8,9). In an attempt to address this, the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation was developed that includes a correction for patients
with a low serum creatinine level (10), and is now the recommended formula for routine clinical use in

patients with chronic kidney disease (11).

In light of the better understanding of the relative benefits of different renal function measures in renal
transplant recipients over recent years, along with the development of new equations for the prediction of
GFR, this study aims to reassess the variability and quality of reporting of renal function endpoints in trials of

renal transplant immunosuppression.



Methods

Identification of studies

We searched the Transplant Library database (www.transplantlibrary.com) for all randomised controlled trials
comparing immunosuppressive interventions in renal transplant recipients published over a 5-year period
between January 15t 2010 and December 315 2014. The Transplant Library database is maintained by the
Centre for Evidence in Transplantation, and contains all reports from randomised controlled trials in the field
of solid organ transplantation published from 1970 to date, sourced from MEDLINE, the Cochrane Library and
hand-searches of relevant conference abstracts. Filters were applied for renal transplantation, full text articles

(excluding conference abstracts) and date.

Search results were screened independently by two reviewers independently for inclusion in the study.

Discrepancies in inclusion were agreed by discussion.
Inclusion/Exclusion Criteria

All full text reports from randomised controlled trials comparing two or more immunosuppressive strategies
(induction or maintenance) in adult renal transplant recipients, were eligible for inclusion. Articles relating to
non-immunosuppressive interventions, paediatric transplantation, and other organ transplant types or
published in a language other than English were excluded. We also excluded those studies not providing any
clinical outcome data, including those only reporting pharmacokinetic data. Conference abstracts were
excluded due to the lack of complete description of methods making assessment regarding outcome reporting

impossible.
Data Extraction

Relevant demographic data were extracted from all studies to include number of participants, interventions
used, number of centres, study design quality, country, funding source and evidence of ethics approval.
Quality at a study level was assessed by means of the Jadad score (12), description of adequate allocation

concealment and presence of an intention-to-treat analysis.

Data regarding renal function endpoints were extracted in detail, including the endpoint and method of
assessment/equation used, time-point at which the outcome was measured, mean and standard deviation in
the control and study groups, completeness of reporting and whether a significant difference between
treatment arms was reported. Discrepancies in clinical effect between different renal function measures were

also documented.
Completeness of outcome reporting

Completeness of outcome reporting was related to whether the information provided would be sufficient for
inclusion in meta-analysis. For binary outcomes, this required the number of patients and the denominator for
each group to be reported (these could be expressed as percentages or odds ratios as long as confidence

intervals were given). For continuous outcomes, the mean and standard deviation (or median and range for



non-parametric data) as well as the total number of patients in each group were required. Completeness of
reporting was classified into several levels: completely reported, reported but missing data (e.g. standard
deviation (SD), range, confidence interval), reported but only as significant (p>0.05), reported but only as non-

significant (p<0.05), graphical representation only and mentioned in methods but not reported in the results.
Data analysis

All demographic and outcome information was extracted into a custom-designed MySQL database. All data
extraction was completed by one author (SH) and validated by a second author (SK) to ensure completeness

and accuracy. Any discrepancies in data extraction were agreed by discussion between authors.

Extracted data were exported to the R statistical software and analysed using simple summary statistics.
Where more than one measure of renal function was reported in a manuscript, the consistency of findings
(whether comparisons were statistically significant or not) was examined. For studies reporting the MDRD
eGFR, those reporting a mean eGFR of greater than 60 ml/min/1.73 m? were identified as the MDRD equation

is known to underperform in patients with preserved renal function.



Results

Characteristics of included studies

The literature search identified 213 manuscripts from 182 unique studies that met the inclusion criteria (figure
1). Characteristics of the included studies are described in table 1. The median number of centres in each trial
was 4 (range 1-111) and the median length of follow up in weeks was 52 (range 1-932). Median number of

participants was 115 (range 9-1,640).

14.8% studies reported results based on available case analysis, 30.2% per protocol analysis, 19.7% intention
to treat analysis and 35.2% modified intention to treat analysis. 48% studies reported an adequate method of

allocation concealment. The median Jadad score was 3 (range 0 to 5).
Reporting of renal function endpoints

Overall, 174 (81.7%) manuscripts reported at least one renal function endpoint (figure 2). In 44 (20.7%) renal
function was defined as the primary endpoint. There were no significant differences in study characteristics

between studies reporting renal function endpoints and those not (table 1).
Completeness of reporting

Of the total of 345 reported endpoints across all studies, 86.1% were completely reported with summary
effect, measures of variance and the number of patients included in analysis (table 2). 3.2% had missing
measures of variance, 3.5% were only reported as significant/non-significant, 5.8% had a graphical
representation of results only, and in 1.4% renal function endpoints were mentioned in the methods section of

the manuscript but not reported in the results.

Reporting quality of serum creatinine and estimated GFR endpoints were similar. All studies reporting formal

GFR measurements reported these endpoints completely with no missing data.
Serum creatinine

103 (48.4%) manuscripts reported serum creatinine as a marker of graft function. In 22 manuscripts (10.3%)
serum creatinine was the only measure of renal function reported, and in 5 it was reported as the primary

endpoint.
Estimated GFR

A measure of estimated GFR was reported in 142 (66.7%) manuscripts. Formulas used for GFR estimation were
MDRD (42.3%), Cockroft Gault (23.5%), Nankivell (15.0%) and CKD-EPI (0.9%) (figure 2). 6 manuscripts (2.8%)
did not report the formula used to estimate GFR. 26 manuscripts (12.2%) reported eGFR calculated by more

than one method.

Of the manuscripts reporting MDRD eGFR, 29 (32.2%) reported mean GFR of over 60 ml/min in at least one
group.

Measured GFR



26 manuscripts (12.2%) reported mGFR as an endpoint. 14 (6.6%) reported creatinine clearance and 14 (6.6%)
reported radioisotope measured GFR (EDTA 2, iothalamate 7 and iohexol 5). 2 studies did not report the

method used.
Discrepancies between renal function estimates

In ten of the included manuscripts, the statistical significance of the effect of intervention on renal function
differed when alternative renal function endpoints were used. In four manuscripts, measures of eGFR
disagreed with function measured by serum creatinine alone (13-16), and in three eGFR assessed by different
formulae disagreed (14-17). In five of the 26 manuscripts (19.2%) reporting measured GFR or creatinine
clearance, statistical significance differed between the measured GFR/CrCl and estimated GFR or serum
creatinine (18-22). Variability in the methodology used to measure function and the formulae used for

estimates make meaningful comparisons between mGFR and eGFR estimates within studies impossible.



Discussion

The present analysis demonstrates that there is still a great deal of heterogeneity in the reporting of renal
function endpoints in clinical trials of immunosuppression following renal transplantation, both in terms of the
measures used and in the quality of reporting. Various combinations of serum creatinine, estimated GFR/CrCl
and measured GFR/CrCl are employed, with use of different formulae for estimating function. Studies often
use more than one measure to assess function, with some evidence of discrepancies between methods that

could affect the conclusions depending on the measure used.

Despite being the gold standard, formal measurements of renal function are only reported in 12% of the
present manuscripts. This reflects the difficulty in formal GFR assessment, in terms of cost, time and patient
acceptability, which limits uptake as a trial endpoint. The finding that a significant proportion of studies
(19.2%) measuring GFR have discrepancies between these formal measurements and other estimates of renal
function probably reflects the fact that most of these studies have significant amount of missing data for
measured GFR. There is therefore a trade-off between measuring a complex outcome with risk of missing

data, and using a less-than perfect estimate which can be more reliably collected.

It is interesting that 10% manuscripts reported serum creatinine as the only measure of renal function, with 5
including it as a primary endpoint. This is contrary to current guidelines, which recommend the use of
creatinine-based GFR estimates for routine follow-up in all patients (23). The effect of race, age, gender and
muscle mass make serum creatinine an unreliable marker of function, with a highly variable relationship with
GFRin transplant recipients (24). This is likely reflected in the present analysis, with discrepancies seen

between serum creatinine values and other markers of function.

In their previous analysis, White and colleagues demonstrated that the most commonly used creatinine-based
estimates in transplant clinical trials were the Cockroft-Gault and Nankivell equations (6). Given the increasing
evidence that the MDRD formula offers improved prediction in the transplant population, it is perhaps not
surprising that in the present cohort the MDRD formula is now the most commonly used in over 40% studies.
Despite consistent evidence the the Nankivell formula under-performs compared to other equations, it was

still used in around 15% studies (25).

The newer CKD-EPI formula, designed to replace the MDRD equation, has failed to gain traction as yet in
transplant trials with only two of the present studies using this outcome. The formula was designed to correct
the under-estimation of GFR at low serum creatinine levels. It is therefore of note that nearly one third of the
present studies reporting MDRD eGFR reported a mean eGFR in at least one group of greater than 60
ml/min/1.73 m?, levels at which the MDRD equation is known to under-perform. Despite the theoretical
benefit of the CKD-EPI formula in renal transplant recipients with good graft function, studies comparing it
with MDRD have demonstrated very variable results. White et al. compared the two formulae in a cohort of
207 stable kidney transplant recipients, and demonstrated a higher proportion of estimates within 30% of the
true GFR with CKD-EPI (84% vs. 77%) (26). In the cohort with GFR greater than 60 ml/min/1.73 m2, bias and

accuracy improved further with the CKD-EPI formula. Similar benefit has been demonstrated in a population



of Thai transplant recipients (27). In contrast, other large studies in stable transplant cohorts have
demonstrated no benefit for the CKD-EPI equation over the MDRD formula, with higher accuracy using MDRD
(28,29).

There are a number of reasons why eGFR equations may under-perform in renal transplant recipients. Patient
level factors can affect accuracy, with baseline GFR, age, body mass index (BMI), gender, acute rejection
episodes and infections all affecting the performance of commonly-used equations (8,24). Immunosuppression
may also play a role. Kukla and colleagues measured the performance of the Cockroft-Gault, MDRD and CKD-
EPI equations compared to a reference standard iothalamate GFR in a renal transplant population within 3
months and again at 1 year following transplantation (30). As with previous studies, the eGFR measures all
over-estimated the measured GFR and bias did not differ between patients on long-term steroids or not.
However, there was a significant drop in precision in those patients receiving long-term maintenance steroids,
which may relate to an increase in body fat to muscle ratio in patients receiving long-term steroids (31).
Another factor that may affect the reliability of creatinine-based equations in transplant recipients is the use
of co-trimoxazole as prophylaxis against pneumocystis jiroveci pneumonia, which has been shown to reduce

the renal excretion of creatinine and elevate the serum creatinine level in transplant recipients (32,33).

Given the degree of heterogeneity in methods used for estimation of both eGFR and mGFR in the present
cohort of studies, it was not possible to pool or directly compare these estimates. However, we were able to
demonstrate that in ten of the included manuscripts, there were discrepancies between the statistical
significance of effect of intervention on renal function when different methods were used. These discrepancies
suggest that the choice of renal function endpoint could result in different conclusions being made as to the

effect of an intervention.

A further finding in the current study is the variable quality of reporting of renal function endpoints. 14% of
studies had missing data for these outcomes which would make inclusion in meta-analysis difficult or
impossible. In particular, 5 studies defined renal function endpoints in the methods that were then not
reported in the results, leading to risk of reporting bias. 6 manuscripts reported eGFR as an endpoint without
defining the formula used, and 2 did not report the method used for formal GFR measurement. Similar
findings have been demonstrated in an earlier analysis of trials in renal transplantation with significant

variability and risk of reporting bias identified in measures of death, graft loss and renal function (34).

One possible solution to this variability would be to develop a consensus definition for a renal function
endpoint for use in transplant clinical trials. This would improve consistency and quality of reporting,
facilitating comparison between studies and allowing greater reliability in the combination of studies in meta-
analysis. Given the lack of agreement in the literature as to the best measure to use, this may prove
challenging, but there are certainly some GFR estimates that underperform in transplant recipients and should
be avoided (5,25). Projects to define sets of core outcomes for use in clinical trials, such as the ongoing SONG-

Tx project (http://songinitiative.org/song-tx/), may help to facilitate consensus.
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The strength of the present study is the comprehensive analysis of renal function endpoints in all consecutive
reports of randomised controlled trials of immunosuppressive interventions in renal transplant recipients over
a five-year period. There are however some limitations. Assessment of the impact of discrepancies between
different methods of renal function reporting is limited to those studies that reported more than one measure
of function, and may not be representative. It is also not possible to assess the true risk of reporting bias
without referring to the original study protocols (if available). For example, not all studies reporting eGFR also
reported serum creatinine values as endpoints, despite the fact that they must have been measured in order
for the eGFR to be estimated. Finally, the included studies were all reported in the period between 2010 and
2014, but the study protocols were designed earlier. It is possible that contemporary studies make greater use
of new equations, such as the CKD-EPI formula. The only way to assess this for current studies would be to

examine entries in trial registries, the consistency of which varies considerably (35).

In summary, the present analysis demonstrates that the previously reported variability in renal function
reporting in transplant clinical trials remains, although there has been a significant change in the formulas
used to estimate GFR over the past ten years. There is still some evidence that estimates of GFR are being
used inappropriately, and discrepancies between renal function endpoints may affect the conclusions made.
Quality and completeness of reporting remains suboptimal and can be improved. Consensus as to the optimal,
practical, renal function endpoint for use in transplant clinical trials would greatly improve quality and

consistency in reporting.
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Tables and Figures

Figure 1 — Flow chart to demonstrate inclusion/exclusion of studies during the review process. RCT —
randomised controlled trial.

Figure 2 — Frequency of reporting of renal function endpoints in randomised controlled trials of
immunosuppressive interventions. GFR — glomerular filtration rate; MDRD — modification of diet in renal
disease; CKD-EPI — Chronic Kidney Disease Epidemiology Collaboration.
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Table 1 — Characteristics and study-level quality assessment of included studies.

Characteristic All studies Studies reporting renal

(N, %) function endpoints (N, %)

Recipient type

De novo 128 (70.3) 106 (71.6)

Post-transplant 54 (29.7) 42 (28.4)
Donor type

Deceased 28 (15.4) 23 (15.5)

Living 24 (13.2) 20(13.5)

Either 130 (71.4) 105 (70.9)

Number of centres
Single 80 (44.0) 63 (42.6)
Multiple 102 (56.0) 85 (57.4)
Ethics approval
Yes 160 (87.9) 133 (89.9)
No 22 (12.1) 15 (10.1)

Funding source

Industry 99 (54.4) 80 (54.1)
Non-industry 34 (18.7) 28 (18.9)
Mixed 16 (8.8) 14 (9.5)
No external funding 7 (3.8) 6 (4.1)
Not described 26 (14.3) 19 (12.8)

Jadad score

0 1(0.5) 1(0.7)
21 (11.5) 14 (9.5)

2 67 (36.8) 60 (40.5)

3 83 (45.6) 65 (43.9)

4 2 (1.1) 2(1.3)

5 8 (4.4) 6 (4.1)

Adequate allocation concealment
No 95 (52.2) 79 (53.4)
Yes 87 (47.8) 69 (46.6)

Intention-to-treat analysis

Available case analysis 27 (14.8) 21(14.2)
Intention to treat 36 (19.7) 31(20.9)
Modified intention to treat 64 (35.2) 53 (35.8)
Per Protocol analysis 55 (30.2) 43 (29.1)
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Table 2 — Completeness of reporting for renal function endpoints. GFR — glomerular filtration rate; CrCl — creatinine clearance.

Endpoint Total (N) Completeness of Reporting (N, %)
Complete Missing measure of Reported as Reported as
variance significant non-significant
(P<0.05) (p>0.05)

Overall 345 297 (86.1) 11 (3.2) 3(0.8) 9(2.6)

Serum Creatinine 107 87 (81.3) 4(3.7) 0(0) 4(3.7)
Estimated GFR/CrCl 201 173 (86.1) 7 (3.5) 3(1.5) 5(2.5)
Measured GFR/CrCl 35 35 (100) 0(0) 0(0) 0(0)

Graphical

representation

20 (5.8)
8 (7.5)
12 (6.0)
0(0)

In methods but not
reported

5(1.4)
4(3.7)
1(0.5)
0(0)
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