
O
R
IG

IN
A
L

 A
R
T
IC

LE
 

Nephrol Dial Transplant , 2023, 38 , 2627–2636 

https://doi.org/10.1093/ndt/gfad097 
Advance access publication date: 18 May 2023 

A novel prognostic nomogram predicts premature failure 

of kidney allografts with IgA nephropathy recurrence 

Kamila Bednarova 1 ,2 , Geir Mjøen 

3 , Petra Hruba 4 , Istvan Modos 5 , Ludek Voska 6 , Marek Kollar 6 and Ondrej Viklicky 1 ,4 

1 Department of Nephrology, Transplant Centre, Institute for Clinical and Experimental Medicine, Prague, Czech Republic 
2 1st Medical Faculty, Charles University, Prague, Czech Republic 
3 Department of Nephrology, Oslo University Hospital, Oslo, Norway 
4 Transplant Laboratory, Institute for Clinical and Experimental Medicine, Prague, Czech Republic 
5 Department of Informatics, Institute for Clinical and Experimental Medicine, Prague, Czech Republic 
6 Clinical and Transplant Pathology Centre, Institute for Clinical and Experimental Medicine, Prague, Czech Republic 
Correspondence to: Ondrej Viklicky; E-mail: ondrej.viklicky@ikem.cz 

ABSTRACT 

Background. Recurrence of immunoglobulin A nephropathy (IgAN) limits graft survival in kidney transplantation. However, predictors 
of a worse outcome are poorly understood. 

Methods. Among 442 kidney transplant recipients (KTRs) with IgAN, 83 (18.8%) KTRs exhibited biopsy-proven IgAN recurrence be- 
tween 1994 and 2020 and were enrolled in the derivation cohort. A multivariable Cox model predicting allograft loss based on clinical 
data at the biopsy and a web-based nomogram were developed. The nomogram was externally validated using an independent cohort 
( n = 67). 

Results. Patient age < 43 years {hazard ratio [HR] 2.20 [95% confidence interval (CI) 1.41–3.43], P < .001}, female gender [HR 1.72 (95% 

CI 1.07–2.76), P = .026] and retransplantation status [HR 1.98 (95% CI 1.13–3.36), P = .016] were identified as independent risk factors 
for IgAN recurrence. Patient age < 43 years [HR 2.77 (95% CI 1.17–6.56), P = .02], proteinuria > 1 g/24 hours [HR 3.12 (95% CI 1.40–6.91), 
P = .005] and C4d positivity [HR 2.93 (95% CI 1.26–6.83), P = .013] were found to be associated with graft loss in patients with IgAN 

recurrence. A nomogram predicting graft loss was constructed based on clinical and histological variables, with a C statistic of 0.736 
for the derivation cohort and 0.807 for the external validation cohort. 

Conclusions. The established nomogram identified patients with recurrent IgAN at risk for premature graft loss with good predictive 
performance. 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 

What was known: 
Recurrence of immunoglobulin A nephropathy (IgAN) is associated with an increased risk of allograft loss, but predictors of poor 
outcomes are poorly understood. 
This study adds: 
A prognostic web-based nomogram based on clinical variables at biopsy (patient age, proteinuria, C4d staining, antihypertensive 
treatment, estimated glomerular filtration rate and time to recurrence) accurately predicts premature allograft loss. 
Potential impact: 
Future innovative interventions may help to slow down the progression of recurrent IgAN among identified patients at risk. 
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NTRODUCTION 

he recurrence of immunoglobulin A nephropathy (IgAN) is a
ommon complication in kidney transplantation, significantly af-
ecting the long-term graft outcomes to a similar extent as chronic
ntibody-mediated rejection [ 1 –4 ]. The reported incidence varies
etween 9 and 53% according to different studies, with higher
ates in centres performing protocol biopsies [ 1 , 5 , 6 ]. Despite an
xcellent outcome early after transplantation, almost 50% of re-
urrent patients experience premature allograft loss [ 1 ]. Identify-
ng high-risk patients has been challenging, as the risk of progres-
ion to allograft failure is heterogeneous. 
Many clinical factors determine the risk of progression of the

riginal disease, including hypertension, young age, proteinuria,
he Oxford MEST-C score, low estimated glomerular filtration rate
eGFR), presence of C4d and crescents in kidney biopsy [ 7 –18 ].
imilarly, several studies have shown associations of IgAN recur-
ence with young age at transplant, rapid progression of the native
isease, retransplantation, pre-emptive transplants, living donors
nd early steroid withdrawal [ 1 , 2 , 4 –6 , 19 –23 ]. However, most of
he performed studies have focused mainly on the risk factors for
gAN recurrence. The identification of risks associated with pre-
ature graft loss in a case of recurrent disease is an unmet medi-
al need in kidney transplantation, and prediction models are not
vailable. 
In this study we aimed to identify risk factors associated with

iopsy-proven IgAN recurrence and subsequent graft loss in the
ell-identified patient cohort and construct a prognostic nomo-
ram identifying patients at risk for premature graft loss. 

ATERIALS AND METHODS 

atients 
n this retrospective observational cohort study, 442 of
582 patients had undergone kidney transplantation due to
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Kidney allograft recipients
March 1994–January 2020

n = 5582

Patients with
biopsy-proven IgAN

n = 442

Patients without
recurrence

n = 359

Patients with
biopsy-proven recurrence

n = 83
(derivation cohort)

External validation
cohort
n = 67

Nomogram

Excluded patients:
• Other primary cause
• Missing biopsy

Figure 1: IgAN. 

Table 1: Patient demographics. 

Biopsy-verified IgAN recurrence 

Characteristics 
Entire cohort 

( N = 442) Yes ( n = 83) No ( n = 359) P -value a 

Recipient age (years), median (min–max) 45 (18–79) 40 (18–63) 46 (19–79) < .0001 
Recipient gender (male), n (%) 347 (79) 58 (70) 289 (80.5) .038 
Donor age (years), median (min–max) 51 (1–81) 51 (19–76) 51 (1–81) .694 
Donor gender (male), n (%) 135 (30.5) 14 (16.8) 121 (33.7) .140 
Retransplantation, n (%) 66 (14.9) 21 (25.3) 45 (12.5) .003 
Living donor, n (%) 117 (26.5) 24 (28.9) 93 (25.9) .575 
Peak PRA, median (min–max) 4 (0–98) 8 (0–96) 4 (0–98) 0 .066 
HLA mismatch, median (min–max) 3 (0–6) 3 (0–6) 3 (0–6) 0 .852 
Dialysis vintage (months), median (min–max) 18 (0–129) 16 (0–83) 18 (0–129) 0 .841 
Cold ischaemia (hours), median (min–max) 14 (0–27) 14 (0–26) 14 (0–27) 0 .612 

Post-transplant, n (%) 
Repeated erythrocyturia 120 (27.1) 51 (61.4) 69 (19.2) < 0 .001 
Repeated proteinuria 140 (31.7) 56 (67.5) 84 (23.4) < 0 .001 
T-cell-depletive induction 165 (37) 36 (44) 129 (36) 0 .165 

Erythrocyturia was defined as > 10 erythrocytes/μl. Proteinuria was defined as urinary protein excretion > 0.3 g/day. 
a P -values for group comparison based on the Mann–Whitney U test for continuous variables and Pearson’s chi-squared test for categorical variables. P < .05 was 
considered significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

status. 
biopsy-proven IgAN from 1994 to 2020 (Fig. 1 ). Most patients were
males who received primary kidney transplants from deceased
donors. Repeat transplantations were performed in 66 patients.
Detailed patient and donor characteristics are given in Table 1 .
The recurrence of IgAN after kidney transplantation was biopsy
proven by case or protocol biopsies in 83 patients (18.8%) during
the study follow-up. The first biopsy, which proved the IgAN
recurrence, was used as a reference for laboratory and clinical
assessments. 

To study risk factors for IgAN recurrence, the following vari-
ables were recorded: gender, age, donor type, donor age, human
leucocyte antigen (HLA) mismatch, panel reactive antibody (PRA),
cold ischaemia time, time on dialysis, induction immunosuppres- 
sion, any proteinuria, erythrocyturia and date of graft loss or pa- 
tient death. 

To study risk factors for graft loss, variables obtained at 
the date of graft biopsy-confirming recurrence were eGFR,
proteinuria ( > 1 g/day), erythrocyturia ( > 10 erythrocytes/μl),
C4d staining in histology, time to recurrence, MEST-C score,
antihypertensive therapy, renin–angiotensin–aldosterone sys- 
tem (RAAS) inhibitors, steroid therapy and indication biopsy 
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The maintenance immunosuppression consisted of calcineurin
nhibitors [CNIs; n = 78 (94%); 9 on cyclosporine, 69 on tacrolimus]
n combination with mycophenolate mofetil [MMF; n = 71 (91%)]
nd steroids [ n = 77 (93%)]. Five patients had received CNI-free reg-
mens. Because the vast majority (95%) of patients had received
acrolimus along with MMF for immunosuppression, those vari-
bles were not particularly studied. In patients with histologically
roven IgAN recurrence, steroid pulses were initiated in cases
ith present crescents ( n = 4), RAAS inhibitors were given to all
atients with recurrent IgAN. 
The patient clinical and histological data were retrieved from

he hospital’s internal database. This article is compliant with the
trengthening the Reporting of Observational Studies in Epidemi-
logy statement. 

athology 

 total of 83 graft biopsies confirming recurrence were scored
ccording to the Oxford MEST-C scoring system [ 17 ], defined as
ollows: mesangial hypercellularity ≤0.5 (M0) and > 0.5 (M1); en-
ocapillary hypercellularity absence (E0) and presence (E1); seg-
ental glomerulosclerosis absence (S0) and presence (S1); tubu-

ar atrophy/interstitial fibrosis < 25% (T0), 25–50% (T1) or > 50%
T2); and cellular/fibrocellular crescents absent (C0), 1–25% (C1)
r > 25% (C2). 

alidation cohort 
n independent cohort of 67 patients transplanted between 1979
nd 2020 from Oslo University Hospital was included in the study
s a validation cohort to validate nomogram performance. The
emographics of the validation cohort are given in Supplementary
able S1. 

tatistics 
ata are presented as medians with minimum and maximum
or continuous variables and counts with percentages for cat-
gorical variables. Continuous variables were compared by the
ann–Whitney U test and categorical variables by Pearson’s chi-
quared test. The graft and patient survival, proteinuria and
rythrocyturia-free intervals were evaluated by Kaplan–Meier 
nalysis using the logrank test. To investigate the significance of
ach prognostic factor for IgAN recurrence and allograft loss, uni-
ariable Cox proportional hazards models were created. The op-
imal cut-off point for recipient age as a risk for IgAN recurrence
as defined by receiver operating characteristics (ROC) analysis
t the maximal specificity and sensitivity (as < 43 years of age).
otential predictors of graft loss/IgAN recurrence were included
n the multivariable model based on their significance in the uni-
ariable analysis after checking their co-linearity. Patients with
issing values in the evaluated variables were excluded from the
nalysis. 
To identify prognostic predictors (known at the time of di-

gnostic biopsy) of graft loss in patients with IgAN recurrence,
e developed a multivariable Cox regression model based
n the most significant variables from the univariable model
 P < .2) and clinically relevant parameters. Multicollinearity of
xplanatory variables was checked by calculation of the vari-
nce inflation factor (VIF) using the car package in R software
 https://CRAN.R-project.org/package=car) and variables with the 
ighest VIF were not retained in the final model (MEST-C score and
ndication biopsy status). A nomogram was constructed to predict
- and 5-year prognosis after diagnostic biopsy with IgAN recur-
ence as previously described, using the rms package in R software
 https://CRAN.R-project.org/package=rms ) [ 24 ]. The DynNom
ackage ( https://CRAN.R-project.org/package=DynNom ) was
sed to create a dynamic nomogram, which was then de-
loyed on https://www.shinyapps.io/. The dynamic nomo-
ram is publicly accessible at http://research.ikem.cz/hrup/
raftsurvivalreigan2021/nomogram . 
The internal validation of the nomogram was performed with

he bootstrap set to 1000. The discrimination of the nomogram
as evaluated by a concordance index and a calibration plot was
erformed to evaluate the prediction performance of the nomo-
ram. 
An independent cohort of 67 patients with IgAN recurrence

rom Oslo University Hospital was used for external validation.
he discrimination of nomograms in the derivation and external
ohorts was evaluated by the concordance index, which was in-
ernally validated with a bootstrap set to 1000. The calibration
lots were performed to evaluate the prediction performance of
he nomogram by comparing the observed and predicted sur-
ival probability over the 2 and 5 years after IgAN recurrence
n derivation and external cohorts using the rms package in R
oftware. 
P -values < .05 were considered significant. Statistical analysis
as performed using R-studio version 4.0.3 (2020.10.10). 

ESULTS 

ecurrence of IgAN 

he recurrence of IgAN was reported in 83 of 442 patients with
iopsy-proven native kidney IgAN, with a median time to recur-
ence of 2.3 years. Those who experienced disease recurrence
ere likely to be younger at transplant compared with those with-
ut recurrence (median 40 versus 46 years; P < .0001). Similarly,
ore patients with IgAN recurrence had undergone retransplan-

ation (25.3% versus 12.5%; P = .003) (Table 1 ). Proteinuria and
aematuria were more common in patients with IgAN recurrence
s compared with those without proven recurrence (67.5% ver-
us 23.4%; P < .001 and 61.4% versus 19.2%; P < .001, respec-
ively). C4d staining was detected in 14 samples. In all but three
f them, glomerular deposits were present to various extents. Re-
ipients with disease recurrence displayed significantly worse 10-
ear graft survival compared with recipients without recurrence
logrank P < .001) (Fig. 2 ). 

isk for IgAN recurrence 

 Cox proportional hazards regression was applied to generate the
roposed risk model of IgAN recurrence based on factors known at
ransplantation. Four statistically significant predictors of recur-
ent IgAN in the allograft were revealed in the univariable anal-
sis: younger age at the time of transplantation [HR 2.14 for pa-
ients < 43 years of age (95% CI 1.38–3.36), P < .001], retransplanta-
ion [HR 2.34 (95% CI 1.41–3.88), P < .001], higher peak PRA [HR 1.01
95% CI 1.00–1.02), P = .02] and female gender of the recipient [HR
.75 (95% CI 1.09–2.81), P = .019]. Only recipients < 43 years of age
HR 2.20 (95% CI 1.41–3.43), P < .001], female gender of the recip-
ent [HR 1.72 (95% CI 1.07–2.76), P = .026] and retransplantation
HR 1.98 (95% CI 1.13–3.36), P = .016] remained significant vari-
bles in multivariable analysis. A Cox proportional hazards model
as created including patients after the first transplantation only.
imilarly, younger age and female gender remained significant in
ultivariable analysis after the exclusion of retransplanted pa-

ients ( P < .001 and P = .016, respectively) (Table 2 , Supplementary
able S2). 

https://CRAN.R-project.org/package\begingroup \count@ "003D\relax \relax \uccode `\unhbox \voidb@x \bgroup \let \unhbox \voidb@x \setbox \@tempboxa \hbox {\count@ \global \mathchardef \accent@spacefactor \spacefactor }\accent 126 \count@ \egroup \spacefactor \accent@spacefactor \uppercase {\gdef {{\char "7E}}}\endgroup \setbox \thr@@ \hbox {}\@tempdima \wd \thr@@ \advance \@tempdima \ht \thr@@ \advance \@tempdima \dp \thr@@ car
https://CRAN.R-project.org/package\begingroup \count@ "003D\relax \relax \uccode `\unhbox \voidb@x \bgroup \let \unhbox \voidb@x \setbox \@tempboxa \hbox {\count@ \global \mathchardef \accent@spacefactor \spacefactor }\accent 126 \count@ \egroup \spacefactor \accent@spacefactor \uppercase {\gdef {{\char "7E}}}\endgroup \setbox \thr@@ \hbox {}\@tempdima \wd \thr@@ \advance \@tempdima \ht \thr@@ \advance \@tempdima \dp \thr@@ rms
https://CRAN.R-project.org/package\begingroup \count@ "003D\relax \relax \uccode `\unhbox \voidb@x \bgroup \let \unhbox \voidb@x \setbox \@tempboxa \hbox {\count@ \global \mathchardef \accent@spacefactor \spacefactor }\accent 126 \count@ \egroup \spacefactor \accent@spacefactor \uppercase {\gdef {{\char "7E}}}\endgroup \setbox \thr@@ \hbox {}\@tempdima \wd \thr@@ \advance \@tempdima \ht \thr@@ \advance \@tempdima \dp \thr@@ DynNom
https://www.shinyapps.io/
http://research.ikem.cz/hrup/graftsurvivalreigan2021/nomogram
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Figure 2: Patients with recurrence of the native disease have the same 5-year (88.1% versus 91.5%, logrank P = .4) and worse 10-year (50.5% versus 
88.1%, logrank P < .0001) allograft survival compared with those without recurrence. 

Table 2: Variables associated with recurrent IgAN. 

Predictors 
Univariable analysis,a 

HR (95% CI) P -value 
Multivariable analysis,a 

HR (95% CI) P -value 

Total cohort 
Recipient age < 43 years 2.14 (1.38–3.36) < .001 2.20 (1.41–3.43) .001 
Retransplantation 2.34 (1.41–3.88) .001 1.98 (1.13–3.36) .016 
Peak PRA b 1.01 (1.00–1.02) .020 1.01 (0.99–1.01) .169 
HLA mismatch 1.01 (0.88–1.17) .856 – –
Recipient gender (female) 1.75 (1.09–2.81) .019 1.72 (1.07–2.76) .026 
Dialysis vintage (months) 1.00 (0.99–1.01) .785 – –
Cold ischaemia (hours) 0.99 (0.98–1.01) .387 – –
Donor age (years) 1.01 (1.00–1.03) .136 – –
Donor gender (male) 0.65 (0.42–1.02) .062 – –
Living donor 1.19 (0.74–1.91) .481 – –

a Univariable and multivariable associations were calculated by Cox regression. P < .05 was considered significant. 
b PRA measurement was not available in one patient. 
c HLA mismatch not available in 29 patients. 
d Dialysis vintage unknown in 45 patients. 
e Cold ischaemia unknown in 53 patients. 
f Donor age and gender unknown in 21 and 20 patients, respectively. 

 

 

 

 

 

 

 

 

 

Outcomes of recurrent IgAN 

Patients with biopsy-proven IgAN recurrence experienced worse
10-year graft survival (logrank P < .001) compared with those
without proven recurrence (Fig. 2 ). In 43 of the 83 patients with
IgAN recurrence, the allograft loss was noticed at a median of
3.2 years (minimum 0.2, maximum 12) after the graft biopsy. The
median time from transplantation to graft loss was 6.8 years. 
In univariable Cox regression analysis, age < 43 years [HR 3.76 
(95% CI 1.72–8.20), P = .001], erythrocyturia [HR 2.49 (95% CI 1.32–
4.69), P = .005], proteinuria > 1 g/day [HR 3.19 (95% CI 1.64–6.23),
P = .001], indication biopsy [HR 3.76 (95% CI 1.56–9.06), P = .003]
and C4d-positive staining in the allograft biopsy [HR 2.96 (95% CI 
1.43–6.11), P = .003] were found to be associated with graft loss.
From the MEST-C score, the T lesion [HR 1.98 (95% CI 1.26–3.11),
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Table 3: Variables associated with graft failure in biopsy-proven recurrent IgAN. 

Univariable analysis a Multivariable analysis a 

Predictors HR (95% CI) P -value HR (95% CI) P -value 

Recipient age < 43 years 3.76 (1.72–8.20) .001 2.77 (1.17–6.56) .020 
Time to recurrence (years) 1.07 (1.00–1.15) .051 1.03 (0.96–1.12) .423 
eGFR at biopsy with recurrence (ml/s/1.73 m 

2 ) 0.43 (0.15–1.23) .117 0.62 (0.2–1.95) .415 
Erythrocyturia > 10/μl at the time of biopsy 2.49 (1.32–4.69) .005 
Proteinuria > 1 g/24 hours at the time of biopsy b 3.19 (1.64–6.23) .001 3.12 (1.40–6.91) .005 
Steroids weaning 1.39 (0.49–3.98) .537 
ACEI/ARB 0.95 (0.42–2.15) .897 
Antihypertensives ( ≥3) 0.83 (0.45–1.54) .553 0.49 (0.25–0.94) .033 
Biopsy details 
Indication biopsy 3.76 (1.56–9.06) .003 
C4d-positive biopsy 2.96 (1.43–6.11) .003 2.93 (1.26–6.84) .013 
Oxford classification MEST-C score c 

M 0.50 (0.23–1.11) .087 
E 1.70 (0.89–3.24) .107 
S 1.99 (1.03–3.86) .041 
T 1.98 (1.26–3.11) .003 
C 1.74 (0.98–3.09) .059 
MEST-C score sum 1.25 (1.02–1.53) .036 

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker. 
a Univariable and multivariable associations were calculated by Cox regression. P < .05 was considered significant. 
b Proteinuria at the time of biopsy was not determined in one patient. 
c MEST-C score was not available in three patients. 

Variable

   Time to reccurence (years)

n

   eGFR (ml/s/m2)

p value

Recipient age
   = 43 years

HR (95% CI)

   < 43 years
Proteinuria
   = 1g/24h
   > 1g/24h
C4d
   Negative
   Positive
Antihypertensives
   Double and less
   Triple and more antihypertensives

83
83

32
51

47
35

68
15

49
34

0.42348
0.41451

0.02005

0.00543

0.01267

0.03327

1.03 (0.96 to 1.11)
0.62 (0.20 to 1.95)

Reference category
2.77 (1.17 to 6.56)

Reference category
3.11 (1.40 to 6.91)

Reference category
2.93 (1.26 to 6.84)

Reference category
0.49 (0.25 to 0.94)

Global p−value (Log−Rank): 2e−05; Concordance Index = 0.736

0.5 1 2 3

Figure 3: Multivariable model of allograft loss risk factors known at the time of biopsy-proven recurrence. 
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 = .003] and the sum of MEST-C scores [HR 1.25 (95% CI 1.02–1.53),
 = .036] significantly predicted graft loss (Table 3 ). 
A multivariable Cox model was constructed based on variables

rom univariable analysis. Erythrocyturia was excluded from the
odel since it is closely correlated with proteinuria, which was a
tronger allograft loss predictor. In contrast, although there was
o significant association of the antihypertensive therapy with
raft failure in the univariable analysis, the multivariable model
as adjusted for antihypertensive therapy, as hypertension sever-

ty is a well-known predictor of graft loss. 
In the multivariable model adjusted for renal function and

ime to recurrence, age < 43 years [HR 2.77 (95% CI 1.17–6.56),
 = 0.02], proteinuria > 1 g/day at biopsy [HR 3.12 (95% CI 1.40–
.91), P = .005] and C4d-positive staining [HR 2.93 (95% CI 1.26–
.83), P = .013] were found to be significant risk factors for allograft
oss. The use of three and more antihypertensive drugs implied a
oderate protective effect on allograft failure [HR 0.49 (95% CI
.25–0.94), P = .033; Table 3 and Fig. 3 ). 

ynamic nomogram to identify patients with 

ecurrent IgAN at risk for premature graft loss 
he multivariable Cox regression model based on six predictors
f allograft loss after biopsy-proven IgAN recurrence (Table 3 ) was
sed to create a prognostic nomogram for 2- and 5-year survival
rom the biopsy (Fig. 4 ). To use the nomogram, the value of each
redictor is read on its point scale. A total score is calculated by
umming the points. In the final step, according to the sum, the
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Points
0 10 20 30 40 50 60 70 80 90 100

Recipient_age
≥ 43 years

< 43 years

Time_to_reccurence
0 2 4 6 8 10 12 14 16

eGFR
1.6 1.4 1.2 1 0.8 0.6 0.4 0.2 0

Proteinuria
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Total Points
0 50 100 150 200 250 300 350 400 450

2-year survival
0.40.60.70.80.90.95

5-year survival
0.050.20.40.60.70.80.9

Figure 4: Prognostic nomogram for (A) 2-year and (B) 5-year graft survival after biopsy-proven IGAN recurrence. Time to recurrence in years; eGFR in 
ml/s/1.73 m 
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corresponding predicted risk value is read on the probability scale
by connecting the probability scale to the total score line. Thus the
graft survival of individual patients can be calculated. 

The nomogram showed good accuracy in the prediction of pa-
tient outcomes. The C-index of the created nomogram was 0.736
for the derivation cohort and 0.807 for the external cohort. The
nomograms were validated internally, which yielded C-indexes of
0.697 and 0.745 for the derivation and external cohorts, respec-
tively. The calibration curves displayed good agreement between
the prediction capacity of the nomograms and the actual out-
comes in both the derivation and validation cohorts (Fig. 5 ). To fa-
cilitate the use of the nomogram in clinical practice, we created a
web-based dynamic nomogram at http://research.ikem.cz/hrup/
graftsurvivalreigan2021/nomogram . 

DISCUSSION 

In the present study we identified younger age, female gender
and retransplantation as risk factors for biopsy-proven IgAN re-
currence. Next, in patients with biopsy-proven IgAN recurrence,
we found younger age, proteinuria and C4d-positive histological
staining to be significant variables negatively affecting allograft
survival. An adjusted model for eGFR, time to recurrence and an-
tihypertensive treatment was created to predict allograft failure
after biopsy-proven recurrence with a C statistic of 0.736. This
nomogram was validated on an external Norwegian cohort with
C statistics of 0.807. 

In native IgAN, higher proteinuria and lower eGFR were asso-
ciated with poor outcome [ 2 , 5 ]. Proteinuria is a well-known risk
factor for the rapid progression of native kidney nephropathies as
well as allograft disorders, including recurrent glomerulonephritis
[ 25 –27 ]. Similarly, our data suggest a negative impact of protein-
uria on allograft survival. Aside from proteinuria, younger age at
transplantation was associated with an increased risk for progres-
sion in our study. Similar to our results, younger age at transplan-
tation has been described as an important risk factor for IgAN
recurrence by others [ 1 , 28 , 29 ]. Such observations point to the se-
vere and progressive phenotype of the original disease. 
Interestingly, the use of more than three antihypertensive 
drugs at diagnosis of IgAN recurrence was associated with a bet- 
ter outcome. This observation is surprising, as hypertension it- 
self is a well-known risk factor for progression in IgAN and other
nephropathies [ 30 ]. The only possible explanation is better hyper- 
tension control in this cohort, as it is well known that a combi-
nation of various antihypertensives yields better renal outcomes 
[ 30 –32 ]. 

In this study, C4d-positive histological staining of the biopsy 
was shown to be a strong predictor of rapid progression. Several 
studies have previously found complement lectin pathway acti- 
vation to be associated with faster IgAN progression [ 7 , 8 , 33 –36 ].
C4d is a well-known biomarker of complement cascade activa- 
tion. C4d is associated with endocapillary proliferation [ 37 ] and
positive C4d staining has been shown to be an independent risk 
factor for end-stage kidney disease [ 36 ]. Our study thus confirms
that C4d-positive staining affects kidney allograft survival also in 
the case of IgAN recurrence. Recently, glomerular C4d positivity 
was found to double the risk of graft failure in the case of recur-
rence [ 38 ]. Peritubular C4d staining in kidney allografts is asso-
ciated with antibody-mediated rejection (ABMR) and premature 
graft loss [ 39 ]. However, C4d-negative staining does not rule out
an ABMR diagnosis [ 40 ], as well as the absence of donor-specific
anti-HLA antibodies [ 41 ]. Our study was designed to find easily ac-
cessible variables to detect patients at the highest risk of prema- 
ture graft loss and thus C4d positivity, regardless of localisation,
was considered an important predictive variable. 

The prognostic role of the Oxford classification MEST-C score 
[ 17 ] in IgAN recurrence has recently been discussed [ 42 , 43 ]. Sim-
ilarly, in our study we showed tubular atrophy/interstitial fibro- 
sis and the sum of MEST-C scores to be associated with inferior
kidney graft outcome in the univariable analysis. However, due to 
proven multicollinearity, we did not include the MEST-C score in 
the final model. 

This study aimed to develop a publicly available prognostic 
nomogram based on clinical and histological variables that helps 
patients and caregivers estimate graft survival at the time when 
IgAN recurrence is histologically diagnosed. In the case of native 

http://research.ikem.cz/hrup/graftsurvivalreigan2021/nomogram
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Figure 5: The calibration curve of the nomogram for predicting the 2- and 5-year renal survival for patients with IgAN recurrence in the (A) derivation 
and (B) external cohorts. The x -axis represents the predicted survival probability according to the nomogram and the y -axis displays the probability 
according to the Kaplan–Meier method. 
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gAN, several predictive nomograms in IgAN were developed [ 44 –
7 ]. However, to the best of our knowledge, our nomogram is the
rst to predict outcomes in biopsy-proven IgAN recurrence. The
omogram was validated in an external cohort with similar per-
ormance, although both cohorts differed in some of the demo-
raphics. 
There are also limitations that need to be discussed. Aside from

he retrospective observational design, protocol biopsies were not
erformed later after transplantation and, similar to other stud-
es, the rate of IgAN recurrence may be underestimated. How-
ver, case biopsies were performed in more progressive pheno-
ypes, which improved the power, as the number of endpoints (al-
ograft losses) was higher than in mild and non-progressive cases.
f note, recent data from the DAPA-CKD study (NCT03036150)

 48 ] suggest gliflozins to be standard renoprotective agents in ad-
ition to RAAS blockers given to all patients with recurrent dis-
ase. Therefore, patient outcomes in the future may be better than
hose estimated from a nomogram constructed from retrospec-
ive data. 
In conclusion, we identified a progressive phenotype of biopsy-

roven IgAN recurrence. A new prognostic web-based nomogram
an be used for the identification of patients at risk to whom in-
ovative interventions should be applied. 
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