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Abstract
Background: Predicting allograft failure in kidney transplant recipients can help plan renal replacement therapy and guide 
patient-provider communication. The kidney failure risk equation (KFRE) accurately predicts the need for dialysis in patients 
with chronic kidney disease (CKD), but has not been validated in kidney transplant recipients.
Objective: We sought to validate the 4-variable KFRE (age, sex, estimated glomerular filtration rate [eGFR], and urine 
albumin-to-creatinine ratio [ACR]) for prediction of 2- and 5-year death-censored allograft failure.
Design: Retrospective cohort study.
Setting: Four independent North American Cohorts from Ontario, Canada; Alberta, Canada; Manitoba, Canada; and 
Wisconsin, United States, between January 1999 and December 2017.
Patients: Adult kidney transplant patients at 1-year posttransplantation.
Measurements: Kidney failure risk as measured by the KFRE (eGFR, urine ACR, age, and sex).
Methods: We included all adult patients who had at least 1 serum creatinine and at least 1 urine ACR measurement 
approximately 1 year following kidney transplantation. The performance of the KFRE was evaluated using the area under 
the receiver operating characteristic curve (C-statistic). C-statistics from the 4 cohorts were meta-analyzed using random-
effects models.
Results: A total of 3659 patients were included. Pooled C-statistics were good in the entire population, at 0.81 (95% 
confidence interval: 0.72-0.91) for the 2-year KFRE and 0.73 (0.67-0.80) for the 5-year KFRE. Discrimination improved 
among patients with poorer kidney function (eGFR < 45 mL/min/1.73 m2), with a C-statistic of 0.88 (0.78-0.98) for the 
2-year KFRE and 0.83 (0.74-0.91) for the 5-year KFRE.
Limitations: The KFRE does not predict episodes of acute rejection and there was heterogeneity between cohorts.
Conclusions: The KFRE accurately predicts kidney failure in kidney transplant recipients at 1-year posttransplantation. 
Further validation in larger cohorts with longer follow-up times can strengthen the case for clinical implementation.

Abrégé 
Contexte: En transplantation rénale, la capacité de prévoir la défaillance du greffon permet de planifier une thérapie de 
remplacement rénal et de guider la communication entre le patient et son soignant. L’équation KFRE (Kidney Failure Risk 
Equation) permet de prédire avec exactitude si les patients atteints d’insuffisance rénale chronique (IRC) auront éventuellement 
besoin de dialyse. Cette équation n’a toutefois pas encore été validée dans une population de receveurs d’une greffe rénale.
Objectif: Nous souhaitions valider le pouvoir prédictif de l’équation KFRE à 4 variables (âge, sexe, débit de filtration 
glomérulaire estimé [DFGe] et rapport albumine-créatine urinaire [RAC]) quant à la défaillance du greffon après deux ans 
et cinq ans.
Type d’étude: Étude de cohorte rétrospective.
Cadre: Quatre cohortes indépendantes d’Amérique du Nord : trois provinces canadiennes (Ontario, Alberta et Manitoba) 
et un état américain (Wisconsin) entre janvier 1999 et décembre 2017.
Sujets: Des adultes receveurs d’une greffe rénale, un an après l’intervention.
Mesures: Le risque d’évolution vers l’insuffisance rénale, tel que mesuré par l’équation KFRE (DFGe, RAC urinaire, âge et 
sexe).
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Méthodologie: Ont été inclus tous les patients adultes ayant eu au moins une mesure de la créatinine sérique et du 
RAC urinaire environ un an après la greffe. La performance de la KFRE a été évaluée par la surface sous la courbe ROC 
(statistique C). Des modèles à effets aléatoires ont été employés pour la méta-analyse des statistiques C pour les quatre 
cohortes.
Résultats: Un total de 3 659 patients a été inclus. Les statistiques C regroupées ont été bonnes dans l’ensemble de la 
population étudiée, avec des valeurs de 0,81 (intervalle de confiance à 95 % : 0,72-0,91) pour la prédiction sur deux ans 
et de 0,73 (0,67-0,80) pour la prédiction sur cinq ans. La discrimination s’est avérée encore meilleure pour les patients qui 
présentaient une plus faible fonction rénale (DFGe < 45 ml/min/1,73 m2), avec une statistique C s’établissant à 0,88 (0,78-
0,98) pour la prédiction sur deux ans et à 0,83 (0,74-0,91) pour la prédiction sur cinq ans.
Limites: La KFRE ne peut prédire les épisodes de rejet aigu et les cohortes étudiées comportaient une grande hétérogénéité.
Conclusion: L’équation KFRE prédit avec exactitude le risque de défaillance du greffon dans notre population de receveurs 
d’une greffe rénale, un an après l’intervention. Poursuivre la validation dans de plus vastes cohortes et pour des temps de 
suivi prolongés viendrait appuyer le cas en vue de son application clinique.
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Introduction

Patients with chronic kidney disease (CKD) are at risk of 
progression to kidney failure requiring renal replacement 
therapy.1 Kidney transplantation is the ideal form of renal 
replacement treatment for kidney failure as it offers a sur-
vival advantage, improvement in quality of life, and cost-
utility when compared with treatment with dialysis.2-4 
However, kidney transplants can fail and patients with fail-
ing transplanted kidneys (allografts) need education and 
preparation for dialysis and/or retransplantation.

In 2011, the kidney failure risk equation (KFRE) was 
developed by Tangri et al and validated as a highly accurate 
model for predicting kidney failure in patients with CKD. It 
has demonstrated to be more accurate in predicting kidney 
failure than estimated glomerular filtration rate (eGFR) or 
albuminuria alone, and outperforms models that incorporate 
routinely collected clinical risk factors. Since 2011, the 
KFRE has been validated in cohorts from more than 30 
countries across 4 continents and was demonstrated to be 
accurate in predicting kidney failure in these diverse CKD 
populations.5,6 In some jurisdictions, the KFRE is used to 
guide dialysis and transplant planning in nontransplanted 
patients with CKD.7

However, no studies to date have evaluated the diagnostic 
accuracy of the KFRE in patients who have received a kid-
ney transplant. CKD in transplant recipients may differ from 
CKD in nontransplant kidneys due to the presence of immune 
factors that can lead to rejection, and routine use of immuno-
suppressive medications such as calcineurin inhibitors which 
can lead to chronic allograft nephropathy.8 If the KFRE 
accurately predicts kidney failure in transplant recipients, it 
could be used to guide location and intensity of monitoring 
and follow-up as well as preparation for kidney replacement 
therapy for patients at high risk of allograft failure. The pur-
pose of this study is to evaluate the accuracy of the 4-vari-
able KFRE in kidney transplant recipients with a functioning 
allograft at 1-year posttransplant from 4 independent clinical 
cohorts.

Materials and Methods

Study Cohorts

We combined data collected from 4 large, separate cohorts. 
The first cohort was extracted from linked health care data-
bases from the Alberta Kidney Disease Network (AKDN) 
for kidney transplant recipients from Alberta, Canada, 
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between May 2002 and March 2015. The second cohort was 
extracted from the Transplant Manitoba Database, which 
includes all patients who have received a kidney transplant in 
Manitoba, Canada, between January 1999 and December 
2017. The third cohort was extracted from electronic medical 
databases from St. Michael’s Hospital, an academic and ter-
tiary care center located in inner-city downtown Toronto, 
Canada, between July 2004 and June 2014. The last cohort 
was the Wisconsin Allograft Recipient Database (WisARD), 
where kidney transplant recipients were extracted between 
January 2004 and June 2013. 

We included all adult patients (age 18+) who had at least 
1 serum creatinine measurement and at least 1 urine albumin-
to-creatinine ratio (ACR) measurement approximately 1 year 
following kidney transplantation. Patients who died or had 
allograft failure in the first year posttransplant were excluded.

Variables and Outcomes

The risk of kidney failure was predicted for each patient at 2 
years and 5 years following the serum creatinine test per-
formed closest to 1-year posttransplant using the 4-variable 
KFRE. The 4-variable KFRE consists of eGFR, age, sex, 
and urine ACR (equation provided in supplemental material 
Item S1).5,6 We estimated eGFR using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equation.9 
Urine protein-to-creatinine ratios (PCRs) were used to 
approximate some urine ACRs in the Manitoba cohort (sup-
plemental material Item S2).6

Variables were taken closest to the 1-year posttransplant 
date. In addition to variables in the KFRE, we collected other 
patient clinical characteristics required for more complex 
KFREs when available from each of the 4 cohorts. Calcium, 
hemoglobin, bicarbonate, and phosphate were additionally 
collected in the Toronto and Alberta cohorts.

The primary outcome was death-censored allograft fail-
ure, defined as starting dialysis or undergoing retransplanta-
tion. The calculated kidney failure risks from the KFRE were 
compared to the actual patient kidney failure outcomes col-
lected from each cohort.

Statistical Analysis

We evaluated the performance of the KFRE for predicting 
allograft failure using patient data 1 year after kidney trans-
plantation with discrimination and calibration statistics.

Discrimination

We calculated discrimination by generating an area under the 
receiver operating characteristic curve (AUROC) for the risk 
scored evaluated by the KFRE modeled as a continuous vari-
able using Harrell’s overall C-statistic. The C-statistic presents 
the proportion of times the KFRE correctly discriminates a 

pair of high risk and low risk individuals. A C-statistic of 0.70 
or higher indicates good discrimination, while a C-statistic of 
0.50 means the model predicts no better than chance.10,11

Calibration

The difference between observed and predicted risk over 2 
and 5 years was examined by plotting the probabilities of 
kidney failure at each risk decile in our validation cohorts 
using line graphs.12

Subgroup Analysis

As the KFRE was originally developed in patients with CKD 
Stages G3-G5,5 and GFR estimating equations may underes-
timate measured GFR in kidney transplant recipients,13 we 
performed a subgroup analysis examining discrimination 
and calibration in patients with poorer kidney function 
(Stages G3b-5, eGFR < 45 mL/min/1.73 m2).

Meta-analysis

C-statistics from each of the 4 cohorts were subsequently 
meta-analyzed using random-effects models using the 
DerSimonian and Laird method with generic inverse vari-
ances.14 Heterogeneity between studies was calculated using 
the I2 statistic.15

All findings were presented at a level of significance of α 
= 0.05. Statistical analysis was performed using SAS ver-
sion 9.4 (Cary, NC). Forest plots for the meta-analysis were 
generated using RevMan version 5.3 (Copenhagen, 
Denmark).16

Results

A total of 3659 patients were included across the 4 indepen-
dent cohorts. The cohorts were very similar in the average 
age of the patients, percentages of males and females, and 
the level of kidney function. The Wisconsin cohort had a 
higher absolute rate of kidney failure with 2.3 per 100 per-
son-years compared with Toronto at 1.5 per 100 person-
years, Alberta at 1.2 per 100 person-years, and Manitoba at 
1.1 per 100 person-years. Demographics and available clini-
cal characteristics of the patients in the 4 cohorts are shown 
in Table 1.

Alberta Cohort

In the Alberta cohort, a total of 940 recipients were deemed 
eligible for the study. The mean eGFR was 60.3 mL/min/1.73 
m2. Of these patients, 36 developed kidney failure within 5 
years following the 1-year posttransplant date, a total of 53 
died before kidney failure and were censored for the study, and 
851 patients did not develop kidney failure and did not die.
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Manitoba Cohort

In the Manitoba cohort, a total of 463 recipients were deemed 
eligible for the study. The mean eGFR was 63.1 mL/min/ 
1.73 m2. Of these patients, 19 developed kidney failure within 
5 years following the 1-year posttransplant date, a total of 30 
died before kidney failure and were censored for the study, and 
414 patients did not develop kidney failure and did not die.

Toronto Cohort

In the Toronto cohort, a total of 993 recipients were deemed 
eligible for the study. The mean eGFR was 54.8 mL/min/ 
1.73 m2. Of these patients, 52 developed kidney failure within 
5 years following the 1-year post-transplant date, a total of 45 
died before kidney failure and were censored for the study, and 
896 patients did not develop kidney failure and did not die.

Wisconsin Cohort

In the Wisconsin cohort, a total of 1263 recipients were deemed 
eligible for the study. The mean eGFR was 56.4 mL/min/1.73 
m2. Of these patients, 116 developed kidney failure within 5 
years following the 1-year posttransplant date, a total of 119 
died before kidney failure and were censored for the study, and 
1028 patients did not develop kidney failure and did not die.

Model Performance

The KFREs discriminated well in patients in the Alberta 
cohort with an overall C-statistic of 0.71 (0.55-0.87) at 2 
years and 0.69 (0.58-0.80) at 5 years. In the a priori defined 

Table 1. Characteristics of Patients Included by Cohort at 1 Year Post Kidney Transplantation.

Toronto
N = 993

Wisconsin
N = 1263

Alberta
N = 940

Manitoba
N = 463

Age 52.7 ± 13.0 52.8 ± 13.2 50.7 ± 14.3 47.8 ± 32.2
Female 36.5% 38.9% 34.0% 40.3%
Living donor 39.5% 38.7% NR 49.7%
Systolic BP 129.4 ± 16.1 NR NR NR
Diastolic BP 79.3 ± 9.5 NR NR NR
eGFR 54.8 ± 17.9 56.4 ± 19.0 60.3 ± 19.4 63.1 ± 20.4
eGFR < 45 mL/min/1.73 m2 30.3% 29.1% 21.0% 18.4%
Urine ACR (mg/mmol) 2.2 (1.0 - 6.3) 9.8 (6.4-16.7) 6.3 (3.8-11.7) 5.9 (4.0-10.7)
Albumin (g/L) 41.4 ± 4.0 NR 39.4 ± 3.6 NR
Calcium (mmol/L) 2.4 ± 0.2 NR 2.4 ± 0.1 NR
Hemoglobin (g/L) 131.8 ± 18.4 NR 134.2 ± 16.8 NR
Bicarbonate (mEq/L) 25.5 ± 3.1 NR 24.8 ± 2.5 NR
Phosphate (mmol/L) 1.0 ± 0.2 NR 1.0 ± 0.2 NR
Death censored graft failure
5 years

5.2% 9.2% 3.8% 4.1%

Note. Continuous variables are presented as mean ± standard deviation for normally distributed variables and median (interquartile range) for urine ACR 
as it was not normally distributed. Categorical variables are presented as percentages. BP = blood pressure; NR = not reported; eGFR = estimated 
glomerular filtration rate; ACR: albumin-to-creatinine ratio.

subgroup of patients with an eGFR < 45 mL/min/1.73 m2 at 
1 year (n = 197), the C-statistic was excellent at 0.97 (0.94-
1.00) at 2 years and 0.93 (0.88-0.98) at 5 years. Calibration 
was good in the overall cohort and improved in those with 
more advanced CKD.

The KFREs in the Manitoba cohort had C-statistics of 
0.93 (0.856-1.00) at 2 years and 0.61 (0.43-0.79) at 5 years. 
In patients with an eGFR < 45mL/min/1.73 m2 (n = 85), 
discrimination was similar with C-statistics of 0.63 (0.28-
0.98) at 2 years and 0.74 (0.60-0.88) at 5 years. Calibration 
in the Manitoba cohort was suboptimal, likely attributable to 
the small number of events.

The KFREs discriminated well in patients in the Toronto 
cohort with an overall C-statistic of 0.74 (0.64-0.84) at 2 years 
and 0.73 (0.65-0.81) at 5 years. In patients with an eGFR < 45 
mL/min/1.73 m2 at 1 year (n = 301), the C-statistic was also 
good, with a value of 0.79 (0.64-0.94) at 2 years and 0.77 
(0.67-0.87) at 5 years. Calibration was good in the overall 
cohort and improved in those with more advanced CKD.

The KFREs also discriminated well in the Wisconsin 
cohort with C-statistics of 0.82 (0.75-0.89) and 0.79 (0.74-
0.84) at 2 and 5 years, respectively. This improved in the 
subgroup of patients with an eGFR < 45 mL/min/1.73 m2 
(n = 368) to 0.87 (0.81-0.93) at 2 years and 0.82 (0.77-
0.87) at 5 years. There was slight underprediction in the 
entire cohort, but this improved in the subgroup with eGFR 
< 45 mL/min/1.73 m2 at 5 years.

Meta-analysis

The pooled C-statistic for the KFRE at 2 years was 0.81 
(0.72-0.91) and at 5 years 0.73 (0.67-0.80) in the entire study 
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population (n = 3659). These improved in the subgroup of 
patients with baseline eGFR < 45 mL/min/1.73 m2 (n = 
951), with a pooled C-statistic of 0.88 (0.78-0.98) for the 
2-year KFRE and a pooled C-statistic of 0.83 (0.74-0.91) for 
the 5-year KFRE. Significant clinical heterogeneity was 
present for all the meta-analyses except for the 5-year KFRE 
in the entire study population.

Findings are summarized in Figures 1 to 3.

Discussion

In this validation study involving 3659 kidney transplant 
recipients across 4 independent cohorts in Canada and the 

United States, we demonstrated that the 4-variable KFRE at 
1 year posttransplant provides good discrimination for the 
outcomes of 2-year and 5-year risk of progression to kidney 
failure. This discrimination improved among patients who 
had an eGFR of less than 45 mL/min/1.73 m2 (CKD Stages 
3b-5) at 1 year posttransplant, suggesting that it could be 
used in this population for determining prognosis, communi-
cating risk, and planning for renal replacement therapy.

Several prediction models for long-term allograft and 
patient survival in kidney transplant recipients have been 
developed using both clinical and registry data. In a large study 
of patients from the United States Renal Data System (USRDS), 
several models were developed that predicted allograft failure 

Figure 1. Results of discrimination analyses and meta-analyses.
Note. KFRE = kidney failure risk equation; CI = confidence interval; eGFR = estimated glomerular filtration rate.
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within 5 years using data from the time of transplantation and 
1-year posttransplant.17 Their simplest model had modest dis-
crimination (C-statistic 0.65) and required the input of clinical 
variables including race, history of hospitalization, as well as 
primary health insurance. As such, these models may not have 

been generalizable in universal health care settings or in coun-
tries with varying racial distributions. Similarly, other investi-
gators conducted single-center studies and found models with 
better accuracy, but found that these models were unable to 
outperform eGFR alone in the development population.18

Figure 2. Calibration plots.
Note. KFRE = kidney failure risk equation.
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In a series of recent studies involving 3 independent cohorts 
from the United Kingdom, France, and Canada, Shabir et al 
studied patients at 12-month posttransplantation and developed 
models to predict 5-year allograft and overall survival, and 
found good discrimination (C-statistics 0.78-0.90) and 

calibration with models that included measures of albuminuria 
as well as eGFR.19 Their final models included ethnicity and 
previous acute rejection, and validated well in all external vali-
dation cohorts. The same investigators also studied the addi-
tional predictive ability of kidney biopsy findings, and donor 

Figure 3. Calibration plots in patients with eGFR < 45 mL/min/1.73 m2.
Note. eGFR = estimated glomerular filtration rate; KFRE = kidney failure risk equation.
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specific alloantibodies on risk prediction, and found improve-
ment with the inclusion of the biopsy findings, but not with the 
addition of antibody levels. Furthermore, a study published in 
2019 that included functional, histological, and immunological 
factors derived an 8-variable equation that demonstrated excel-
lent discrimination (C-statistic 0.81, 95% confidence interval 
0.79-0.83) which was subsequently validated in cohorts from 
both the United States and Europe, and for different time hori-
zons posttransplant.20 Our findings complement the data from 
these investigations, as they show the excellent predictive abil-
ity of the KFRE for allograft survival, but highlight the poten-
tial for improvement in risk prediction with the addition of 
histological variables or a history of rejection. These variables 
can improve predictive accuracy, but require a biopsy or at 
minimum manual data entry, and may not be suitable for inte-
gration into automated reporting systems from laboratory 
reports to electronic medical records. As such, we demon-
strated that the KFRE, which is sometimes routinely reported, 
can still provide reasonable utility in the clinical decision-mak-
ing process in the absence of these additional predictors.

Our findings have important clinical, research, and policy 
implications for patients with CKD with kidney transplants. 
First, they highlight the potential utility of the KFRE as a 
tool for prognostication in this population, particularly for 
patients with more advanced decline in kidney function. If 
the KFRE is reported by laboratory information systems and 
electronic medical records for all patients with CKD, clini-
cians can be assured that the prognosis is accurate for 
allograft recipients, similar to eGFR. From a policy perspec-
tive, our work provides additional evidence to complement 
the work by  Shabir et al and the iBox prediction system and 
we would recommend that our equations can be used in rou-
tine reporting and clinical practice, and the equations by  
Shabir et al or the iBox system can and should be used for 
additional prognostic accuracy if histological or rejection 
history data are available.19,20

There are limitations to this study. First, it is important to 
note that the KFRE was not developed specifically for use in 
transplant patients, and does not include some alloimmune 
factors such as donor type and characteristics, expanded 
donor criteria, delayed graft function, human leukocyte anti-
gen antibodies, histopathology parameters, or immunological 
parameters that have been evaluated in transplant-specific 
algorithms.19 As such, the intent of this analysis was to dem-
onstrate that the KFRE, which is routinely reported in some 
electronic medical record (EMR) systems, may still provide 
valuable prognostic information despite lacking these partic-
ular parameters. The KFRE was initially developed and vali-
dated in patients with an eGFR < 60 mL/min/1.73 m2 (CKD 
stages 3-5), and indeed in this study, it was most accurate in 
patients with an eGFR < 45 mL/min/1.73 m2. Patients with 
an eGFR ≥ 60 mL/min/1.73 m2 at 1-year posttransplant are 
likely at low risk of allograft failure in the next 5 years and 
should not be risk stratified using the KFRE. In addition, the 
KFRE predicts death-censored kidney failure and does not 
predict all-cause mortality or episodes of acute rejection. 

Although we found statistically significant heterogeneity 
between the cohorts in our meta-analyses, we felt this 
approach was appropriate as the 4 cohorts were all in a North 
American setting with similar clinical management guide-
lines and immunosuppressive agent use. There may have 
been differences in induction and maintenance agents over 
time in the individual cohorts, but we were unable to evaluate 
these effects due to the aggregate nature of our analyses. 
Finally, our study population included patients with a func-
tioning allograft at 1-year posttransplantation. As such, survi-
vor bias would limit the applicability of our findings to 
predictions after the first year of transplantation.

Our study is the first to examine the accuracy of the 
KFRE, a prediction model that uses readily available clinical 
data that are routinely collected as part of posttransplant 
care, in kidney transplant recipients. Additional strengths 
include the diversity of our 4 cohorts, which differed signifi-
cantly in their ethnicity and access to care, as well as their 
outcome rates. The fact that the KFRE was accurate in all 
cohorts further supports its generalizability and provides evi-
dence for its clinical use.

In summary, the 4-variable KFRE developed by Tangri 
et al5,6 accurately predicted kidney failure progression for 
kidney transplant recipients in both contemporary Canadian 
and American cohorts. The KFRE demonstrated adequate 
discrimination and calibration in these diverse populations. 
The KFRE can be a useful tool to help guide the clinical 
decision making process and to help appropriate risk stratify 
patients post kidney transplant.
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