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Introduction: IgA nephropathy (IgAN) recurrence (IgANr) after kidney transplantation (KTx) is common
and contributes to reducing graft survival. Some tools have been developed to predict the patients who are
at a higher risk of poor outcomes among the native (international IgAN prediction tool [IIgAN-PT]) and
graft (Bednarova's prediction tool [Bednarova-PT]) kidney. We aimed to analyze their performance in a KTx
population other than the originally reported.

Methods: We performed a multicenter retrospective study including KTx with biopsy-proven IgANTr. lIgAN-
PT and Bednarova-PT were used to calculate the risk of death-censored graft loss (DCGL). We assessed the
performance of both prediction models using discrimination and calibration metrics and Kaplan-Meier
plots.

Results: One hundred twenty KTx with IgANr were included. The time-dependent receiver operating
characteristic (ROC) area under the curve (AUC) of Bednarova-PT for predicting DCGL was 83.5 (95% Cl:
72.3-94.7) and the calibration slope was 0.96 (95% ClI: 0.37-1.49). The time-dependent ROC AUC of lIgAN-
PT for predicting DCGL was 87.3 (95% CI: 77.58-97.02) and the calibration slope was 2.49 (95% Cl: 0.19—
4.13). lIgAN-PT tended to underestimate the graft-loss risk in high-risk individuals. The Kaplan-Meier curve
of the highest risk group, defined by using both prediction tools, was clearly separated from the other
curves.

Conclusion: Both lIgAN-PT and Bednarova-PT performed well in predicting DCGL after IgANr and should
be used to identify those KTx at the highest risk. Both models had good discriminatory ability and were
well-calibrated, although the calibration slope was higher for IgAN-PT, tending to underestimate the risk
in high-risk individuals.
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placed on the waiting list and receiving a
kidney transplant is IgAN, accounting for approxi-
mately one-third of cases in the Australia and New
Zealand Dialysis and Transplant Registry registry.'”
After transplantation, the incidence of IgANTr in this
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registry was 5%, 10%, and 15% at 5, 10, and 15 years,
respectively.” Thus, IgANr is the primary recurrent
glomerular disease most commonly often after KTx in
absolute numbers, although it occurs at a lower rate
and later than other glomerular diseases such as focal
segmental glomerulosclerosis and membranoprolifera-
tive glomerulonephritis.2 IgANr contributes to an
increased long-term risk of graft loss beyond 5 to 10
years after KTx.”” In this sense, prevention and ther-
apy of IgANr may help to improve kidney transplant
outcomes.

Although initially recognized as a benign disease, a
significant proportion of patients with IgAN in their
native kidneys are at high risk of poor renal outcomes.
According to the UK National Registry of Rare Kidney
Diseases, almost all patients with IgAN plus proteinuria
of 0.5 g/d or estimated glomerular filtration rate
(eGFR) < 60 ml/min per 1.73 m® were at risk of pro-
gression to renal failure within their expected lifetime.”
Several specific therapies have been developed and
tested in randomized clinical trials to improve the
outcome of patients with IgAN.”® It would be of great
interest to have an accurate method to identify patients
who are at higher risk of poor outcome and who may
therefore benefit most from a specific IgAN therapy.
Several prognostic tools have been developed to pre-
dict the risk of end-stage renal disease in patients with
IgAN based on well-identified risk factors. Although
some of these tools are based only on clinical variables,
the recently developed IIgAN-PT uses both clinical and
histologic variables at the time of native kidney biopsy
to predict the risk of end-stage kidney disease or a 50%
decline in eGFR, allowing for appropriate patient-
specific risk stratification.” The adequacy of IIgAN-
PT has been demonstrated in different populations of
patients with IgAN in their native kidneys; however,
its performance in KTx recipients with IgANr is not
1921 1n addition, Bednarova et al.*? recently
developed and validated a kidney transplant-specific
nomogram for predicting IgANr outcome. We aimed
to analyze and validate the prognostic performance of
these tools in a population of KTx recipients with
IgANr and to compare both models.

METHODS

We conducted an observational, retrospective study
from 11 tertiary medical centers in Spain (Hospital
Universitario = Marqués de  Valdecilla/IDIVAL,
Santander; Hospital Clinic, Barcelona; Hospital Uni-
versitario Regional, Malaga; Hospital Clinico San Car-
los, Madrid; Hospital del Mar, Barcelona; Hospital
Universitario Dr. Peset, Valencia; Hospital Uni-
versitario Puerta del Mar, Cadiz; Hospital Universitario

known.
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Son Espases, Mallorca; Hospital Universitario La Fe,
Valencia; Hospital Universitario 12 de Octubre,
Madrid; and Hospital Universitario La Paz, Madrid).
The centers included all adult renal transplant re-
cipients with IgAN in their native kidney who had a
biopsy-confirmed diagnosis of IgANr between 1996
and 2021, for whom MEST-C scores were available, and
who were recorded in their registries. Clinical data
were collected retrospectively from patients’” medical
records up to 2024. IgANr was defined as the presence
of dominant or codominant IgA mesangial deposits in
biopsies performed for clinical purposes. The study
was conducted according to the recommendations of
the Declaration of Helsinki and was approved by the
Ethics Committee of the University Hospital Marqués
de Valdecilla (2019.135).

Recipient race; recipient and donor age and sex;
living donation; maximum panel reactive antibody;
duration of cold ischemia; retransplantation; duration
of renal replacement therapy; A, B, and DR human
leukocyte antigen matching, induction type, delayed
graft function and acute rejection during the first year
were recorded (Table 1). The need for dialysis during
the first week after transplantation was used to define
delayed graft function. Data collected at graft biopsy
included systolic and diastolic blood pressure, immu-
nosuppressive therapy, renin-angiotensin-aldosterone
system blockade, number of antihypertensive medica-
tions, eGFR, and 24-hour proteinuria (Table 1). There
were no missing data. The main end point was pro-
gression to DCGL, defined as return to dialysis or
retransplantation. All patients were receiving immu-
nosuppressive treatment according to the usual prac-
tice of their center.

Centre pathologists reviewed biopsies with sufficient
sample size according to the Oxford Classification of
IgAN updated in 2016 and the Banff 2017 classifica-
tion.””** Briefly, M1 was characterized by the presence
of > 3 cells in a mesangial area in at least half of the
glomeruli; E1 was defined as the presence of endoca-
pillary hypercellularity; S1 was defined as the presence
of segmental glomerulosclerosis; T1 and T2 were
defined when tubular atrophy/interstitial fibrosis were
between 26% and 50% or > 50%, respectively;
cellular or fibrocellular crescents in at least 1 glomer-
ulus was defined as Cl; and crescents in > 25% of
glomeruli was defined as C2.”* The Banff 2017 catego-
rization system was used to define concurrent T-cell-
mediated rejection and antibody-mediated rejection,
which was updated by the center pathologist as
required (Table 1). Tubulointerstitial inflammation was
defined when “t” or “i” was = 2 as previously re-
ported.”” The pathologists were blinded to clinical data
and graft outcomes.

Kidney International Reports (2025) 10, 2323-2333
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Table 1. Patient characteristics of our cohort and comparison with de IIgANPT and Bednarova derivation cohorts
Characteristics Validation cohort 1IgANPT Bednarova

Number of IgAN recurrent patients

120

2781

83

Recipient age at recurrence (yrs) 456 +£13.9 35.6 40
Median time fo IgAN recurrence (yrs) 29 23
Recipient sex (male) 79.2% 57.8% 70%
Race (Caucasian/Other) 90.0%/10.0% 42.0%/58.0%

Donor age (yrs) 439 4+ 16.7 51
Donor sex (male) 72.5% 16.8%
Median dialysis vintage (mos) 25.0 (IQR: 9.8-48.9) 16.0
Living donation 17.56% 28.9%
Peak PRA 11.7 £ 26.2% 8%
Cold ischemia time (h) 140 £ 7.7 14.0
Retransplant 14.2% 25.3%
Mismatches A-B-DR 36+1.2 3
Thymoglobulin induction 41.7%

Basiliximab induction 28.3%

Delayed graft function 25.0%

First year acufe rejection 9.2%

Number of anfihypertensive drugs 1.9+ 1.1

RAAS blockade at biopsy 70.8% 32.4%

Estimated GFR atf biopsy (ml/min per 1.73 m?) 472 +£17.8 83.0

24-h proteinuria (g/d) 1.5+ 1.6 1.2

Proteinuria > 1 g/d at biopsy 60.8% 57.9% 42.2%
Systolic blood pressure (mm Hg) 135 + 14

Steroid use at biopsy 83.3%

Daily prednisone dose at biopsy (mg) 55+ 6.2

Tacrolimus use at biopsy 86.7%

Cyclosporine use at biopsy 8.3%

Azathioprine use at biopsy 3.3%

Mycophenolate/mycophenolic use at biopsy 88.3%

mTOR inhibitor af biopsy 10.8%

g 0/1/2/3 55.0%/28.3%/15.0%/1.7%

i0/1/2/3 48.3%/40.0%/11.7%/0.0%

t0/1/2/3 58.3%/32.5%/8.3%/0.8%

i 17.5%

v 0/1/2/3 94.2%/5.0%/0.8%/0.0%

cg 0/1/2/3 80.0%/10.0%/5.8%/4.2%

ptc 0/1/2/3 79.2%/14.2%1/6.7%/0.0%

ci 0/1/2/3 24.2%/50.0%/23.3%/2.5%

ct 0/1/2/3 25.8%/49.2%/22.5%/2.5%

ptc C4d deposition positivity 13.3%

pfc or glomerular C4d Deposition positivity 28.3% 16.9%
AbMR 10.8%

TCMR 5.8%

M1 68.3% 38.0%

E1l 35.8% 17.3%

S1 56.7% 77.0%

T1/2 55.0%/5.0% 24.7%/4.6%

C 0/1/2 76.7%/20.8%/2.5%

MEST-C 25+15

IIgANPT 9.1 + 8.9%

Bednarova’s model 32.5 + 23.3%

3-year DCGL 15.0%

AbMR, antibody-mediated rejection; DCGL, death-censored graft loss; GFR, glomerular filtration rate; IgAN, IgA nephropathy; IIgAN-PT, international IgAN prediction tool; IQR, inter-
quartile range; mTOR, mammalian target of rapamycin; PRA, panel reactive antibody; RAAS, renin-angiotensin-aldosterone system; TCMR, T-cell-mediated rejection; TII, tubu-

lointerstitial inflammation.

The risk of a 50% decline in eGFR or end-stage
kidney disease at 3 years after transplant biopsy was
calculated according to IIGAN-PT on the website

Kidney International Reports (2025) 10, 2323-2333

https://qxmd.com/calculate/calculator_499/international-
igan-prediction-tool-at-biopsy-adults. Variables used to
calculate the IIGAN-PT risk were eGFR at biopsy,
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Figure 1. ROC curve of the Bednarova’s model for predicting death
censored graft loss. AUC, area under the curve; ROC, receiver
operating characteristic.

systolic and diastolic blood pressure, proteinuria (g/d),
age, race (Caucasian vs. other), use of angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers, and some variables of the Oxford Score (M, E,
S, and T).” All patients were receiving immunosup-
pression at the time of biopsy.

Bednarova’s probability of graft failure at 3 years
after IgANr biopsy was calculated using the website
reported in the original manuscript (“Graft survival
after reIgAN (shinyapps.io)”’). The variables used to
calculate this risk were recipient age, years to recur-
rence, eGFR, proteinuria, peritubular capillary or
glomerular C4d positivity, and number of antihyper-
tensive medications.”” The risk of graft loss was esti-
mated using both models blinded to the primary end
point.

Continuous and categorical variables were expressed
as mean =+ SD and relative frequencies, respectively.
Normality was assessed using the Shapiro-Wilk test.
The ¢ test and Mann-Whitney test were used to
compare normally and nonnormally distributed
continuous variables, respectively; and the chi-square
test was used to compare qualitative data. We
assessed the performance of both prediction models
using discrimination and calibration metrics. Both
time-dependent ROC (td-ROC) and time-independent
ROC (tn-ROC) analyses were used to assess discrimi-
nation. Model calibration was analyzed using
validation plots and logistic regression with the
Hosmer-Lemeshow test for 36-month censored survival
data. The calibration slope was then calculated by
fitting a linear model of predicted values to observed
values. We used 95% CIs of calibration statistics to
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estimate using 100 bootstrap replicates. Kaplan-Meier
plots were constructed to compare time-dependent
predicted and observed survival for 4 risk groups.
For all analyses, o = 0.05 was used. All analyses were
performed with the R software package, version 4.4.1
(R Core Team, Vienna, Austria). Time-dependent AUC-
ROC curves were compared using EpiDat software.
This study followed the Transparent Reporting of a
Multivariable Prediction Model for Individual Prog-
nosis or Diagnosis guidelines (Supplementary
Material).?

RESULTS

Study Population

The main patient characteristics are shown in Table 1
and compared with the model-development co-
horts.”*” The median time from transplantation to
IgANr was 2.9 (interquartile range: 1.5-6.7) years. The
median follow-up after diagnosis of IgAN relapse was
49.1 (interquartile range: 27.1-79.1) months and after
KTx was 98.1 (interquartile range: 65.8-143.3) months.
Thirty-two patients (26.7%) lost the graft (censoring
death) and the median time from IgANr to DCGL was
29.1 (interquartile range: 12.2-67.5) months. 18 pa-
tients (15.0%) had graft loss at year 3.

Bednarova-PT

The mean calculated probability of graft failure at 3
years after IgANr biopsy according to Bednarova's
prediction tool (Bednarova-PT) was 32.5% =£ 23.3%.
The td-ROC analysis showed that the AUC for Bed-
narova’s model to predict DCGL for the cohort of this
study was 83.5 (95% CI: 72.3-94.7), indicating that this
model has a good ability to predict the 3-year risk of
graft loss (Figure 1). Similarly, the tn-ROC was 82.7%
(95% CI: 71.4%-93.9%, P < 0.001). The sensitivity
and specificity values according to the Youden index
were 72.7% and 72.2% for the td-ROC curve and
72.2% and 86.3% for the tn-ROC curve, respectively.
The calibration slope was 0.96 (95% CI: 0.37-1.49),
suggesting that discrimination was comparable to the
original derivation cohort.

The 3-year calibration plot showed that the Bed-
narova PT was well-adapted to the observed renal
survival (Figure 2). The Bednarova-PT was well-
calibrated according to the Hosmer-Lemeshow good-
ness of fit test (P = 0.278). However, the calibration
plot showed that the model tended to overestimate the
risk of DCGL at year 3, especially for the lower pre-
dicted probabilities.

The Kaplan-Meier curves between risk subgroups
according to Bednarova PT are shown in Figure 3. The
curve for the highest risk was clearly separated from
the other curves, suggesting that the model was able to

Kidney International Reports (2025) 10, 2323-2333
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Figure 2. Calibration plot showing the predicted vs. observed 3-year risk of DCGL using the Bednarova-PT. Vertical line represents the 95% CI of
the observed risks. Dashed line means whether the observed and predicted risks were identical. Bednarova-PT, Bednarova's prediction tool;
DCGL, death-censored graft loss.
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Figure 3. Kaplan-Meier survival curves comparing the observed survival (continuous lines) versus the mean predicted survival (dashed lines)
based on the quartiles of risk estimated by using Bednarova-PT. Low risk (orange), Medium-low risk (pink), Medium-high risk (blue) and High
risk (green). Bednarova-PT, Bednarova's prediction tool.
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Table 2. Predicted and observed death censored graft survival
according to Bednarova-PT and llgAN-PT

Risk Group Observed (x = SE) Predicted (x = SE)
Bednarova-PT
Low 100.00 = 0.00 91.80 + 4.27
Medium-Low 93.94 + 4.15 94.08 + 3.05
Medium-High 86.68 + 5.55 87.27 + 4.47
High 38.30 + 11.90 47.38 + 10.54
IgAN-PT
Low 100.00 + 0.00 97.22 + 2.78
Medium-Low 93.56 + 4.45 87.80 + 4.45
Medium-High 91.67 + 4.61 89.44 + 3.97
High 32.00 + 10.7 42.77 £ 11.09

Bednarova-PT, Bednarova’s prediction tool, lIgAN-PT, international IgAN prediction
tool.

identify those patients with a worse outcome after
IgAN relapse, being the predicted and observed curves
similar for all risk groups. Predicted and observed
death-censored graft survival according to Bednarova-
PT is reported in Table 2.

IgAN-PT

We used IIgAN-PT, which is designed to calculate the
risk of a 50% decline in eGFR or end-stage kidney
disease at 3 years after IgAN biopsy in the native
kidney, to predict DCGL at 3 years after [gANr. The
mean calculated probability of graft failure at 3 years
after IgANr biopsy according to IIgAN-PT was 9.1% =
8.9%. The td-ROC analysis showed that the AUC for
the IIGAN-PT model for this study cohort was 87.3
(95% CI: 77.58-97.02) and the tn-ROC was 88.5% (95%
CI: 0.795-0.974), indicating that this model has a good
ability to discriminate those patients at risk of graft loss

ROC at time t=36, AUC=87.3
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Figure 4. ROC curve of the [lgAN-PT for predicting death censored
graft loss. AUC, area under the curve; IIgAN-PT, international IgAN
prediction tool; ROC, receiver operating characteristic.
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(Figure 4). The sensitivity and specificity values ac-
cording to the Youden index were 75.3% and 76.5%
for the td-ROC curve and 72.2% and 94.1% for the tn-
ROC, respectively. However, the calibration slope was
high (2.49 [95% CI: 0.19-4.13]), suggesting that the
model had some limitations and tended to underesti-
mate the risk for high-risk individuals. For example,
the predicted risk for the highest quartile was 16.9%,
whereas the observed rate was 43.3%. Notably, there
were no significant differences between the Bednarova-
PT and IIgANPT tn-ROC curves (P = 0.374).

IIgAN-PT showed a nonsignificant Hosmer-
Lemeshow goodness of fit test (P = 0.674), indicating
good calibration. The 3-year calibration plot showed
that the IIGAN-PT model fits the observed renal sur-
vival well (Figure 5). However, the calibration plot
showed that the model tended to overestimate the risk
of DCGL at lower predicted probabilities and under-
estimate it at higher predicted probabilities.

IIgAN-PT predicted and observed Kaplan-Meier
survival curves were very similar for each risk group
(Figure 6). Predicted and observed death-censored graft
survival according to IIgAN-PT is reported in Table 2.
Similar to Bednarova-PT, IIgAN-PT identified the at-
risk patients with an expected worse survival.

Risk Factors Related to 3-Year DCGL

Both Bednarova-PT (odds ratio [OR]: 1.052, 95% CI:
1.027-1.077, P < 0.001) and TIgAN-PT (OR: 1.280, 95%
CI: 1.146-1.429, P < 0.001) were associated with a
higher risk of DCGL when analyzed as continuous
variables. As dichotomous variables, the fourth quar-
tiles of both Bednarova-PT (OR: 16.343, 95% CIL:
5.044-52.948, P < 0.001) and IIgAN-PT (OR: 13.000,
95% CI: 4.094-41.279, P < 0.001) were associated with
a significant risk of graft loss. The relationships be-
tween variables not included in the prediction tools
and 3-year DCGL are shown in Table 3. Bednarova-PT
fourth quartile (OR: 12.979, 95% CI: 3.626—46.460,
P < 0.001), C Oxford score (3.941, 95% CI: 1.260-12.325,
P = 0.018), and tubulointerstitial inflammation (5.132,
95% CI: 1.301-20.250, P = 0.020) remained indepen-
dently associated with a higher risk of 3-year DCGL
after multivariate analysis. Similarly, IIgAN-PT fourth
quartile (OR: 8.105, 95% CI: 2.372-27.687, P = 0.001)
was associated with a higher risk of 3-year DCGL
independently of C Oxford Score (3.415, 95% CL
1.174-9.932, P = 0.024) and tubulointerstitial inflam-
mation (3.429, 95% CI: 0.887-13.257, P = 0.074).

After recurrence, immunosuppression was increased
in 44 patients (36.7%) with high-dose steroid (predni-
sone > 20 mg/d) being used in 35 patients (29.2%) and
baseline immunosuppression being optimized (with
prednisone being restarted, switched to mycophenolate

Kidney International Reports (2025) 10, 2323-2333
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Figure 5. Calibration plot showing the predicted vs. observed 3-year risk of DCGL using the [lgAN-PT. Vertical line represents the 95% ClI of the

observed risks. Dashed line means whether the observed and predicted risks were identical. DCGL, death-censored graft loss; IIgAN-PT,
international IgAN prediction tool.
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Figure 6. Kaplan-Meier survival curves comparing the observed survival (continuous lines) versus the mean predicted survival (dashed lines)
based on the quartiles of risk estimated by using IIgAN-PT. Low risk (orange), Medium-low risk (pink), Medium-high risk (blue), and High risk
(green). IIgAN-PT, international IgAN prediction tool.
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Table 3. Variables related to 3-year DCGL by univariate logistic
regression analysis

Variable OR 95% Cl P

Donor age (yrs) 0.989 0.958-1.020 0.470
Donor sex (male) 1.389 0.474-4.066 0.549
Median dialysis vintage (mos) 0.981 0.962-1.000 0.054
Living donation 0.933 0.244-3.565 0.920
Peak PRA 0.965 0.918-1.014 0.162
Cold ischemia time (h) 1.037 0.967-1.112 0.308
Mismatches A-B-DR 0.733 0.495-1.086 0.122
Thymoglobulin induction 0.487 0.162-1.468 0.201
Basiliximab induction 1.768 0.622-5.025 0.285
Delayed graft function 0.835 0.252-2.765 0.768
g 0/1/2/3 1.689 0.942-3.027 0.078
i 4.000 1.328-12.050 0.014
v 0/1/2/3 1.705 0.392-7.406 0.477
cg 0/1/2/3 0.983 0.509-1.899 0.960
ptc 0/1/2/3 1.211 0.639-2.723 0.643
AbMR 1.840 .0453-7.468 0.394
TCMR 4.900 0.997-24.089 0.050
C 0/1/2 4787 1.927-11.893 0.001
IIGAN-PT fourth quartile 13.000 4.094-41.279 <0.001
Bednarova-PT fourth quartile 16.343 5.044-52.948 <0.001

AbMR, antibody-mediated rejection; Bednarova-PT, Bednarova’'s prediction tool; IlgAN-
PT, international IgAN prediction tool, OR, odds ratio; PRA, panel reactive antibody;
TCMR, T-cell-mediated rejection; TII, tubulointerstitial inflammation.

or tacrolimus) in 15 patients (12.5%). Two patients
were also treated with cyclophosphamide. This
immunosuppression enhancement was related to a
higher DCGL risk at 3 years in univariate analysis (OR:
4.375, 95% CI: 1.507—12.698, P = 0.007). However, this
effect did not reach statistical significance (OR: 2.892,
95% CI: 0.887-9.424, P = 0.078) when adjusted for
Bednarova-PT.

DISCUSSION

As reported in the introduction, IIgAN-PT was found
to be useful for predicting renal outcome in different
populations of patients with IgAN in their native
kidneys.'””' First, this predictive tool showed a good
discriminatory ability with a c-statistic of 0.820 in the
original full model” and ranging from 0.700 to 0.907 in
other populations.'*" Similarly, we found that the c-
statistic for predicting DCGL by time-dependent and
time-independent ROC analyses in our renal transplant
population was 0.873 and 0.885, respectively. In gen-
eral, because AUC values between 0.8 and 0.9 can be
interpreted as good in clinical studies,?” we can state
that the discriminatory ability of IIgAN-PT for pre-
dicting renal failure was good and similar for both
native and transplanted kidneys. Second, IIgAN
showed good calibration in most populations, *'”"’
although some reports found that the prediction tool
underestimated the risk in some Asian populations' "’
or overestimated the risk in low-risk patients and
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underestimated the risk in high-risk patients in an
American Indian and Hispanic population.18

The performance of IIgAN-PT in our KTx recipients
with recurrent IgAN showed good calibration accord-
ing to the Hosmer-Lemeshow goodness of fit test and
the calibration plot (Figure 5), although it tended to
overestimate the risk in low-risk patients and under-
estimate the risk in the high-risk group. This finding
suggests that there are specific variables inherent to the
transplant population that may influence the risk of
graft loss that were not included in the prediction tool.
Correct identification of these variables would allow
the model to be recalibrated and improve its perfor-
mance, although we have shown for the first time that
the IIgAN-PT has a good overall performance to know
the risk of DCGL in KTx recipients with IgAN relapse.
Our KTx recipients were older and more often Cauca-
sian, more often received renin-angiotensin-aldosterone
system blockers, their eGFR was significantly worse
(47 vs. 83 ml/min per 1.73 m?), and the histologic
damage according to the MEST score was more severe
than in the population in which the IIgAN-PT was
developed.9 Therefore, some of these differences be-
tween the 2 populations may partly explain the dif-
ferences in calibration. In addition, variables not
included in IIgAN-PT may have a greater influence on
the graft outcome.

The percentage of crescents was not included in the
original full IIgAN-PT because it was highly correlated
with race or ethnicity and use of immunosuppression
after biopsy and did not meet the P-value threshold for
selection in the prediction model.” Furthermore, only
the presence or absence of crescents was analyzed, not
the percentage of glomeruli with crescents.” In our KTx
population, the percentage of crescentic glomeruli
classified by MEST-C was a strong risk factor for DCGL,
independent of IIgAN-PT. Previous studies have re-
ported the independent influence of crescents on the
risk of graft loss after IgANT, accordingly.g’s’28 Inter-
estingly, the development and influence of crescents in
KTx recipients already on immunosuppressive therapy
suggests that the current drugs used to prevent
alloimmune reactions are not able to prevent their
appearance. In this sense, the percentage of crescents
should be included in the model to improve the cali-
bration of the IIgAN-PT in renal transplant recipients.
Alternatively, a variable specific to renal allografts,
such as the alloimmune response, contributes to
increasing the risk of censored graft loss. Among other
authors, we found that tubulointerstitial inflammation
was a risk factor for DCGL, independent of IIgAN-
PT.””*’ The inclusion of tubulointerstitial inflammation
should be considered to improve IIgAN-PT calibration
in renal transplant recipients.

Kidney International Reports (2025) 10, 2323-2333
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In relation to Bednarova-PT, the reported c-statistic
in the development and validation cohorts was 0.736
and 0.807, respectively; whereas our cohort showed a
slightly better discriminatory ability with td-ROC-AUC
of 0.835 and tn-ROC-AUC of 0.827%. Furthermore, the
model was well-calibrated (Figure 2), although it ten-
ded to overestimate the 3-year risk of DCGL in the
lower-risk patients. Thus, we confirm the good per-
formance of Bednarova-PT in predicting the outcome of
posttransplant IgANr in a population different from
that originally reported. This good performance of
Bednarova-PT in our group of KTx recipients may be
because of the similarities between the 2 populations.
Recipient age, sex, and race; time to recurrence; human
leukocyte antigen sensitization; cold ischemia time;
number of mismatches; and percentage of patients with
proteinuria > 1 g/d were very similar. Conversely,
there were striking differences in the percentage of
living donors and donor sex. We also found that the
percentage of crescents was related to DCGL indepen-
dently of Bednarova-PT. In the Bednarova model,
crescents did not influence graft outcome, but only 4
biopsies (5%) with crescents were included in the
study, whereas 28 KTx recipients (23%) in our study
group had crescents. Interestingly, tubulointerstitial
inflammation was no longer significantly associated
with DCGL after adjustment for Bednarova-PT.
Although inflammation was not included in this
model, we can speculate that a significant proportion of
KTx recipients in the Bednarova population had sub-
clinical inflammation that influenced graft outcome,
similar to our patient group.22

Kaplan-Meier predicted and observed survival
curves were very similar when both models were
applied, suggesting good risk stratification capabilities.
Interestingly, both survival curves allowed the precise
identification of the highest risk population that could
potentially benefit most from a specific therapy. Un-
fortunately, the identification of these high-risk pa-
tients with IgAN relapses did not prove that they could
benefit from a specific therapy without further steps. It
would be necessary to know not only the likelihood
and degree of response to therapy, weighed against the
side effects of therapy, but also the risk of disease
progression without therapy. In 3299 patients with
IgAN in the native kidney, Barbour et al.”® performed a
simulated allocation of hypothetical immunosuppres-
sive therapy for IgAN, comparing the decision based
on proteinuria = 1 g/d or using IIgAN-PT. They found
that IIgAN-PT allowed up to a 35% reduction in
treatment in patients with a low risk of progression,
whereas 23% of patients with a high risk of progres-
sion benefited from specific therapy compared to using
a single biomarker such as proteinuria alone.” In the
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field of renal transplantation, we propose to use IgAN-
PT or Bednarova-PT to identify patients with IgANr at
higher risk of DCGL in whom clinical trials with new
drugs specifically targeting IgA can be designed and
conducted, considering that they may also benefit from
an increase in conventional immunosuppressive treat-
ment to improve the cellular inflammation that con-
tributes to their worsening prognosis.

Our study has several limitations. First, the study is
retrospective, so there may be confounding factors that
have not been considered. For instance, we did not
collect information about the presence of donor-specific
antibodies at IgANr diagnosis because a significant
number of biopsies were performed at a time when
routine donor-specific antibody measurement was not
available in most centers. Donor-specific antibodies
have been previously related to a higher IgANr risk
and could affect graft outcome.” Second, the number of
biopsies with recurrent IgAN may be low to validate
these models developed in a native kidney population,
but it is a relevant number in the field of KTx in which
most studies include a smaller number of recurrences,
including the Bednarova’s model. Third, although the
end point of the Bednarova study was predicting the
risk of graft loss, as in our population, the end point in
the IIgAN-PT model was the risk of a 50% decline in
eGFR or end-stage kidney disease.””” In addition, with
regard to graft loss, we did not differentiate between
patients who returned to dialysis or those who received
a new kidney transplant. This may partially explain
the slightly better performance of the Bednarova's
model. Fourth, our population was predominantly
Caucasian, so the extension of our results to other KTx
populations should not be done without further
studies. Fifth, as a limitation of multicenter studies,
interobserver differences in the scoring of MEST-C
criteria between local pathologists may limit the
prognostic value of the Oxford Classification.’' Finally,
the indications for renal biopsy may differ not only
between centers but also between native and trans-
planted kidneys, which may explain the differences
between our population and that of IIgAN-PT and may
also influence the subsequent outcome.

CONCLUSION

In this study, we validated IIgAN-PT for the first time
in a transplant population and validated Bednarova’s
model in a population independent of the one in which
it was originally described. Both models had good
discriminatory ability and were well-calibrated,
although the calibration slope was higher for IIgAN-
PT, which tended to underestimate the risk for high-
risk individuals. To improve the calibration of both
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models, it would be interesting to include some vari-
ables such as the percentage of crescents and the degree
of tubulointerstitial inflammation. Both IIgAN-PT and
Bednarova-PT can be used to identify patients at high
risk of kidney graft loss who may benefit from targeted
treatment with the new IgAN therapies. However, the
usefulness of this strategy should be demonstrated in
trials specifically designed for KTx recipients with
IgANTr.
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