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CONCLUSION:

Improving treatment decisions in IgA nephropathy using personalized risk 
assessment from the International IgA Nephropathy Prediction Tool

The accuracy of any immunosuppression 
treatment  allocation in IgAN can be substantially 
improved using the IgAN Prediction Tool instead 
of relying solely on proteinuriaBarbour, 2020
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Abstract 

 

Immunosuppression in IgA nephropathy (IgAN) should be reserved for patients at high-risk of 
disease progression, which KDIGO guidelines determine based solely on proteinuria 1g or 
more/day. To investigate if treatment decisions can be more accurately accomplished using 
individualized risk from the International IgAN Prediction Tool, we simulated allocation of a 
hypothetical immunosuppression therapy in an international cohort of adults with IgAN. Two 
decision rules for treatment were applied based on proteinuria 1g or more/day or predicted risk 
from the Prediction Tool above a threshold probability. An appropriate decision was defined as 
immunosuppression allocated to patients experiencing the primary outcome (50% decline in 
eGFR or ESKD) and withheld otherwise. The net benefit and net reduction in treatment are the 
proportion of patients appropriately allocated to receive or withhold immunosuppression, 
adjusted for the harm from inappropriate decisions, calculated for all threshold probabilities 
from 0-100%. Of 3299 patients followed for 5.1 years, 522 (15.8%) experienced the primary 
outcome. Treatment allocation based solely on proteinuria οφ 1g or more/day had a negative net 
benefit (was harmful) because immunosuppression was increasingly allocated to patients without 
progressive disease. Compared to using proteinuria, treatment allocation using the Prediction 
Tool had a larger net benefit up to 23.4% (95% confidence interval 21.5-25.2%) and a larger net 
reduction in treatment up to 35.1% (32.3-37.8%). Thus, allocation of immunosuppression to 
high-risk patients with IgAN can be substantially improved using the Prediction Tool compared 
to using proteinuria 
 

Key words:  IgA nephropathy, net benefit, decision curve, immunosuppression, renal progression, treatment 
allocation 
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Introduction 

 

The treatment paradigm in IgA nephropathy (IgAN) is changing rapidly1. Based on an improved understanding of 

disease mechanisms, multiple novel immunosuppression therapies are currently being evaluated that target different 

pathways in the pathogenesis of IgAN including toll-like receptor inhibition with hydroxychloroquine, targeted-

release budesonide, and inhibitors of the complement and APRIL-signaling pathways2-6. If found to be efficacious, 

clinicians will be faced with the difficult task of choosing the most appropriate therapy for each individual patient. 

An ideal precision-medicine approach to selecting an immunosuppression therapy would consider both the 

likelihood of treatment response and the risk of disease progression without treatment, weighed against the side 

effects of immunosuppression. Therefore, the decision to treat a patient with immunosuppression is inherently 

linked to the probability of experiencing disease progression to end-stage kidney disease (ESKD).  A typical 

treatment algorithm based on the risk of disease progression is shown in Figure 1, in which there are four possible 

health states (A, B, C and D) that are intuitively considered by clinicians and patients each time an 

immunosuppression treatment decision is made7.  Amongst patients with either extremely high or low risk disease, 

treatment decisions are clinically obvious and less controversial.  In between these extremes, there is a point of true 

equipoise for each patient at which the expected benefit of immunosuppression is equal to the expected benefit of 

avoiding immunosuppression and around which treatment decisions have the greatest uncertainty.  The challenge for 

clinicians and patients is to identify this point of equipoise and decide if the balance of risk versus benefit favors (or 

not) a decision to treat with immunosuppression.   

 

Because an essential element of the decision-making process is an assessment of the risk of disease progression, it 

will be increasingly important to accurately predict this risk at the individual level and understand how this is best 

integrated into the allocation of treatment.  The traditional approach to risk-stratification for immunosuppression 

treatment decisions in IgAN is based solely on proteinuria because it is the best validated clinical risk factor for 

disease progression8.  The 2012 Kidney Disease Improving Global Outcomes (KDIGO) guidelines suggest that 

patients be identified for treatment with corticosteroids based on persistent proteinuria ≥1g/day despite maximum 

conservative therapy9, however this approach is not sufficiently accurate. For example, 64-74% of patients in the 

control groups of corticosteroid clinical trials do not experience kidney function decline over 3-5 years despite 

having proteinuria ≥1g/day10-12.  Observational data suggest that 33% of patients with high-risk histology features 

and proteinuria <1g/day eventually experience kidney function decline, yet these patients would not have been 

eligible for corticosteroids because of their low-level proteinuria11-14.  Therefore, there is clearly a need for a more 

accurate risk-stratification tool that can inform immunosuppression treatment decisions in IgAN. The International 

IgAN Prediction Tool (IIgAN-PT) was recently derived and validated as a model to predict disease progression near 

the time of biopsy in multiple ethnic groups worldwide using a combination of readily available clinical risk factors 

and the MEST-C histology score, and is available for use on-line and in the mobile-app Calculate by QxMD 

(https://qxmd.com/calculate-by-qxmd) 15.  However, it remains unproven whether the prediction tool can be used to 

improve the accuracy of immunosuppression treatment decisions in IgAN.  
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We hypothesized that immunosuppression can be more accurately allocated to patients with progressive disease 

using treatment decisions based on personalized risk from the IIgAN-PT compared to decisions based on proteinuria 

alone. To test this, we simulated the allocation of a hypothetical immunosuppression treatment in a large cohort of 

adult patients with biopsy-proven IgAN using a net benefit analysis to account for the consequences of both 

appropriate and inappropriate treatment decisions 

   

Results 

 

There were 3,299 patients who satisfied the inclusion criteria (see Supplementary Figure S1).  Characteristics of the 

analytic cohort are shown in Table 1.  The median estimated glomerular filtration rate (eGFR) at biopsy was 

87ml/min/.173m2 (interquartile range (IQR) 62-110) with proteinuria 1.2g/day (IQR 0.7-2.2).  Over a median 

duration of follow-up of 5.1 years (IQR 3.2-8.0), the majority (81.6%) were treated with medications that block the 

renin-angiotensin system (RASB), and 39.5% were treated with immunosuppression.  The primary outcome (50% 

decline in eGFR or ESKD) occurred in 522 patients (15.8%), with a 5-year risk of 12.3% (95% confidence interval 

(CI) 11.0-13.6%, see Supplementary Figure S2).  Using the IIgAN-PT, the distribution of predicted 5-year risk of 

the primary outcome is shown in Supplementary Figure S3.  

 

Allocating treatment to high-risk patients 

 

The net benefit is the proportion of patients appropriately allocated to receive immunosuppression (Figure 1: A) 

penalized for the consequences from inappropriate treatment allocation (Figure 1: B and C).  Figure 2A describes 

the net benefit for two decision rules to allocate immunosuppression, the first based on 5-year risk from the IIgAN-

PT model without race/ethnicity (ie predicted risk ≥ threshold probability (Pt)), and the second based on proteinuria 

at biopsy ≥1g/day.  The net benefit depends on the threshold probability, and was therefore calculated for all 

possible Pt between 0 and 1 (0-100%).  Across the majority of Pt, treatment allocation based on the Prediction Tool 

model had a larger net benefit compared to using proteinuria ≥1g/day.  When Pt exceeded 60%, there were so few 

patients with predicted risk above the threshold that treatment allocation based on the Prediction Tool became 

similar to an approach of treating nobody.  There was no range in Pt in which treatment allocation based on 

proteinuria ≥1g/day had a larger net benefit compared to using the Prediction Tool.  For Pt above 18%, treatment 

allocation based on proteinuria had a negative net benefit and was therefore potentially harmful to patients.  The 

differences in net benefit between decision rules are shown in Figure 3 with 95% confidence intervals.  For Pt above 

9%, there was a significant increase in the net benefit for immunosuppression allocation using the Prediction Tool 

model compared to using proteinuria ≥1g/day, as demonstrated by the lower bound of the 95% CI for the difference 

in net benefit exceeding zero (0.9%, 95% CI 0.2-1.6%).  Results were similar for the alternative IIgAN-PT model 

which includes race/ethnicity (see Supplementary Figures S4A and S5). 
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Avoiding treatment in low-risk patients 

 

The net reduction in treatment is the proportion of patients appropriately allocated to not receive 

immunosuppression (Figure 1: D) penalized for the consequences from inappropriate treatment allocation (Figure 1: 

B and C), and is shown in Figure 2B for the IIgAN-PT model without race/ethnicity.  For Pt above 8% the curves 

start to diverge demonstrating that, in this range, treatment allocation using the Prediction Tool resulted in the 

appropriate avoidance of immunosuppression from more low-risk patients compared to using only proteinuria 

≥1g/day. Results were similar for the IIgAN-PT model with race/ethnicity (see Supplementary Figure S4B). 

 

Applying these results to future immunosuppression therapies 

 

To apply these results, one would need to first identify a threshold probability that is applicable to an 

immunosuppression treatment decision under consideration, and then proceed vertically from the x-axes in Figures 

2A and 2B to determine the net benefit and net reduction in treatment that can be expected if that treatment decision 

was based on either proteinuria ≥1g/day or based on the Prediction Tool.  A practical limitation of this approach is 

that for any specific type of immunosuppression being considered, the optimal Pt to use in a decision rule that 

allocates treatment may not be known, although it is mathematically related to all four health states outlined in 

Figure 1 (A, B, C and D).  As discussed in the Supplementary Methods, this can be simplified to the utility ratio of 

harm to patients from not being treated when it could have been beneficial (ie health state C: consequences of 

preventable ESKD), to the harm caused by unnecessary treatment exposure (ie health state B: consequences of drug 

toxicity).  For illustrative purposes using example threshold probabilities between 5% and 40%, Table 2 and 

Supplementary Table S2 demonstrate the utility ratios, their corresponding Pt, and the resulting difference in net 

benefit and net reduction in treatment between decision rules using the IIgAN-PT versus proteinuria ≥1g/day to 

allocate treatment.  A higher Pt such as 40% would be appropriate for immunosuppression therapies with substantial 

toxicity in which the harm from disease progression to ESKD is only 1.5-fold the harm from drug exposure.  

Conversely, a lower Pt such as 5% would be appropriate for therapies with less side-effects in which the harm of 

disease progression is 19-fold higher than that from drug exposure.  Figure 4 illustrates the application of our results 

using a threshold probability of 11% (which is the threshold probability where the lower bound of the 95% 

confidence interval exceeds zero in Supplementary Figure S5).  All patients with proteinuria ≥1g/day would qualify 

for immunosuppression if treatment was allocated based on proteinuria alone, however 47% have low predicted risk 

below 11% and hence would not qualify for treatment if it was allocated using the IIgAN-PT.  Conversely, patients 

with proteinuria <1g/day would not qualify for immunosuppression if treatment was allocated based only on 

proteinuria, of whom 17% have high-predicted risk (above the threshold of 11%) and therefore would qualify for 

treatment if it was allocated using the IIgAN-PT.   

 

Sensitivity analyses 
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The net benefit analysis was repeated in subgroups based on immunosuppression exposure after biopsy within the 

analytic cohort (see Figure 5 and Supplementary Figure S6), with no change to the results.  The analysis was also 

repeated in subgroups based on age and exposure to RASB at biopsy, again with no change to the results (see 

Supplementary Figure S6).   

 

Discussion 

 

By using a net benefit analysis to simulate the allocation of immunosuppression to a large multi-ethnic international 

cohort of adults with IgAN, our results demonstrate the potential improvement in immunosuppression treatment 

decisions that are anticipated to result from using personalized risk assessment from the IIgAN-PT instead of using 

proteinuria ≥1g/day.  This was achieved by both increasing treatment allocation to patients at high-risk of disease 

progression and avoiding treatment in patients with non-progressive disease.  As new therapies become available in 

IgAN, these findings illustrate the benefit of developing drug-specific, precision-medicine approaches to 

immunosuppression treatment decisions that are based on individualized risk assessment rather than continuing to 

rely exclusively on a proteinuria threshold. 

 

Our results provide an important framework for the future development of personalized treatment approaches 

specific to each type of immunosuppression.  With the recent acceptance by drug approval agencies of proteinuria as 

a surrogate outcome measure in IgAN16, an increasing number of clinical trials are investigating novel therapeutic 

agents targeting different pathways in the intestinal and systemic immune systems17.  As the repertoire of 

immunosuppression therapies increases in IgAN, clinicians and patients will benefit from precision-based methods 

of selecting the most appropriate treatment option.  In order for this to be accomplished in the context of the decision 

algorithm in Figure 1, drug-specific threshold probabilities will need to be determined so that treatment decisions 

can be made at the individual-patient level.  This will require comprehensive clinical trial data for each of the four 

identified health states (A, B, C and D), which include the efficacy of treatment, the risk of adverse events, and the 

impact on quality of life both while on immunosuppression and during the subsequent disease trajectory.  This may 

also require understanding patient-level perspectives on quality of life in each of these health states, which may 

differ between individuals.  Because the threshold at which these risks and benefits are balanced could vary among 

individual patients, we calculated the net benefit across the full spectrum of threshold probabilities.  As shown in 

Table 2, as threshold probabilities increase from 5% to 40%, treatment allocation based on the IIgAN-PT compared 

to proteinuria results in a larger net reduction in treatment (up to 35%) than it does an improvement in net benefit 

(up to 23%).  This suggests that for novel immunosuppression therapies with more side-effects that have higher 

threshold probabilities, the main impact on patient care from precision-based treatment decisions using the 

Prediction Tool will be better identification of lower-risk patients in whom treatment can be avoided.  This may also 

be relevant to the current use of high-dose corticosteroids, which were associated with a substantial 15-35% absolute 

risk of serious adverse events in the TESTING and STOP-IgAN trials13, 18.  Drug-specific health utility data from 

clinical trials will be needed to determine which type of therapies with significant side-effects are an acceptable 
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tradeoff for patients given that progression of IgAN results in ESKD, which is associated with a severely reduced 

quality of life19. 

 

Our analysis provides insight into the advantages of using the full complement of clinical and histologic predictor 

variables to inform therapeutic decisions in IgAN.  Treatment allocation based on proteinuria at biopsy ≥1g/day had 

a negative net benefit and hence was potentially harmful to patients for threshold probabilities above 18%.  This is 

because the 5-year risk of the primary outcome in our cohort amongst those with proteinuria at biopsy ≥1g/day was 

only 18% (95% CI 16-20%), indicating that most patients (82%) who would qualify for immunosuppression based 

on proteinuria alone did not experience disease progression and so would be considered inappropriately exposed to 

treatment.  Compared to using proteinuria alone, the Prediction Tool provided a significant increase in net benefit 

and net reduction in treatment for threshold probabilities above 8-11%.  This improvement in treatment allocation is 

due to the prediction benefit that results from considering other variables in the model in addition to proteinuria.  

These include eGFR, blood pressure, age, MEST histology scores, medication use and race/ethnicity, which are 

supported by multiple cohort studies that have demonstrated these risk factors are associated with disease 

progression independent of proteinuria14, 20-23.  As the Prediction Tool is updated in the future to include novel 

predictor variables such as biomarkers or histology characteristics, the impact on the net benefit and treatment 

allocation will need to be re-evaluated.  Importantly, there was no threshold probability at which proteinuria was 

superior to the IIgAN-PT.  This suggests that the Prediction Tool models can be used to develop drug-specific 

precision-based treatment algorithms for future immunosuppression therapies that span the full spectrum of efficacy 

versus toxicity.   

 

Treatment decisions in IgAN are often challenging.  Similar to many other conditions, there is currently insufficient 

data in IgAN to accurately capture the different health states depicted in Figure 1.  The net benefit construct was 

developed by Vickers in 2006 to specifically address this problem7.  By starting with the concept and properties of a 

threshold probability, and repeating the analysis over all possible threshold probabilities, the net benefit analysis 

accounts for all combinations of risk versus benefit that may be applicable to any particular treatment decision, and 

thus does not require explicit quality of life data for each potential health state7.  The interpretation of the results in 

IgAN can be considered in the context of a shared decision-making process to allocate a future hypothetical 

immunosuppression therapy.  The physician and patient would collectively discuss the risks and benefits of the 

treatment under consideration and the impact on quality of life, identify an appropriate threshold probability, and 

proceed vertically from the x-axis in Figure 2 to identify the improvement in net benefit that can be expected if the 

treatment was allocated using the IIgAN-PT instead of proteinuria ≥1g/day24.  Less effective treatments may have a 

higher threshold probability so that only the highest-risk patients are allocated to receive a potentially less beneficial 

therapy.  This process is potentially cumbersome and prone to inaccuracies in the quantification of patient-perceived 

quality of life in different clinical scenarios.  As such, our results are better interpreted as a demonstration of the 

potential benefits that can be achieved from personalized risk-based treatment decisions using the Prediction Tool as 

compared to continuing to rely solely on proteinuria ≥1g/day, as is currently standard of care. In this way, the  net 
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benefit analysis is fundamentally a statistical tool to evaluate the performance characteristics of a prediction model, 

similar to a C-statistic, Akaike Information Criterion, or calibration curve24.  However, it is unique in that the 

interpretation of the results can be considered in the context of a treatment decision.  It is important to note that this 

decision is based on the allocation of a hypothetical immunosuppression therapy external to the analytic cohort, and 

does not relate to the actual exposure to any treatment that may have occurred to patients within the dataset.  In our 

analysis, immunosuppression during follow-up was used in 39.5% of patients.  This is common in prediction 

modeling studies, including many that have used a net benefit analysis to assess prediction models in cohorts 

exposed to some type of treatment during follow-up that itself can alter the risk of the primary outcome25-31.  To 

investigate the implications of treatment used within the analytic dataset on the accuracy of the Prediction Tool, and 

therefore on the net benefit results, the analysis was repeated in subgroups based on immunosuppression exposure 

(Figure 5).  Because the decision curves were very similar in the two subgroups, any exposure to treatment within 

the analytic dataset did not impact the primary conclusion that allocation of a new hypothetical immunosuppression 

therapy can be improved using personalized risk from the Prediction Tool as compared to relying solely on 

proteinuria.  

 

There are several limitations to our study.  Because the IIgAN-PT was designed to predict risk at the time of biopsy, 

the current results have a similar time constraint. This is not an unreasonable assumption given the median time 

from biopsy to immunosuppression treatment in the analytic cohort was only 1.3 months (IQR 0-4.9), suggesting 

that treatment decisions near the time of biopsy are common in patients with IgAN.  In addition, the ability to make 

treatment decisions earlier in the disease course without longer periods of observation offers the opportunity to 

intervene before the onset of irreversible tissue damage.  The IIgAN-PT was developed in a mostly Caucasian, 

Japanese and Chinese cohort to predict the risk of disease progression between 5 and 7 years after biopsy.  As such, 

treatment allocation based on the Prediction Tool may not account for disease progression over a longer time 

horizon or in patients from other ethnic groups without further validation.  The development of any future 

personalized treatment approach in IgAN that incorporates the IIgAN-PT should not replace clinical decision 

making and should instead complement a shared decision between physicians and patients.  Immunosuppression 

treatment decisions should be ideally based on proteinuria ≥1g/day after a period of optimized conservative care that 

includes RASB9.  In our analysis proteinuria was assessed at the time of biopsy, at which point RASB was used in 

only 31.9% of patients and drug dosing and duration was not known.  As such we were not able to assess if 

conservative care had been optimized. However, we repeated our analysis in the subgroup of patients on RASB at 

biopsy with no change in the results.   

 

In conclusion, we have shown that the accuracy of allocating immunosuppression treatment can be substantially 

improved by using the IIgAN-PT compared to the traditional approach based on proteinuria alone.  This 

improvement is achieved by increasing the identification of both high-risk patients that can be considered for 

treatment and low-risk patients in whom immunosuppression can be avoided.  With the increasing repertoire of 

immunosuppression therapies being studied in IgAN, these results demonstrate the clear need to develop precision-
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medicine treatment approaches that are drug-specific, incorporate individual risk of disease progression, and no 

longer rely exclusively on proteinuria. 

 

Methods 

 

Study population 

 

The study population comprised the international multi-ethnic cohort from the IIgAN-PT analysis (N=3927)15, 

which included patients with biopsy-proven idiopathic IgAN, available MEST-C scores, age ≥18 years, who did not 

have ESKD at the time of biopsy, and who had available eGFR data during longitudinal follow-up after biopsy.  

Further details are provided in the Supplementary Methods.  We additionally excluded patients with missing 

predictor variable data, and those with eGFR at biopsy <30ml/min/1.73m2 because this latter group is considered 

ineligible for immunosuppression according to the 2012 KDIGO GN guidelines9.  This project was approved by the 

University of British Columbia research ethics board, with waived patient consent. 

 

Definitions 

 

Definitions were the same as those used in the IIgAN-PT analysis, including for mean arterial blood pressure 

(MAP), eGFR, and proteinuria at biopsy; prior use of immunosuppression or RASB; self-reported race/ethnicity; the 

MEST-C score; and the presence of cellular or fibrocellular crescents (see Supplementary Methods for further 

details).  The primary outcome was a composite of the first occurrence of either ESKD or a persistent reduction in 

eGFR to below 50% of the value at biopsy. 

 

Statistical Analysis 

 

The IIgAN-PT comprises two Cox proportional hazards models of time from biopsy to the primary outcome, with or 

without race/ethnicity as a predictor variable, censored at death or the end of follow-up15.  These were used to 

calculate the predicted 5-year risk of the primary outcome for each patient using the following predictor variables: 

age; race/ethnicity; eGFR, MAP and proteinuria at biopsy; prior use of RASB and immunosuppression; and the 

MEST histology scores.  A decision rule was created based on Figure 1 to simulate the allocation of a hypothetical 

immunosuppression treatment.  Risk assessment in Step 1 was based on the IIgAN-PT, in which treatment was 

allocated to patients with predicted 5-year risk greater than or equal to a threshold probability (Pt).  Disease 

progression in Step 2 was defined as experiencing the primary outcome in the analytic cohort.  The threshold 

probability (Pt) reflects the risk of disease progression at which there is true equipoise as outlined in Figure 1, and 

the benefits of treatment are exactly equal to the benefits of not being treated.  For any hypothetical type of 

immunosuppression, the exact threshold probability is not known, however it is assumed to exist.  As such, the 

analysis was repeated for all possible Pt between 0 and 1.  The net benefit was calculated as the proportion of 
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patients appropriately allocated to receive immunosuppression (Figure 1: A) penalized by the relative harm to 

patients from inappropriate treatment decisions (Figure 1: B and C)7, 32.  The net reduction in treatment was 

calculated as the proportion of patients appropriately allocated to not receive immunosuppression (Figure 1: D) 

similarly penalized for inappropriate decisions7, 32.  This analytic approach is designed for application in 

observational data and is not dependent on the type or efficacy of the hypothetical immunosuppression treatment 

being considered.  The consequences of appropriate and inappropriate treatment decisions are accounted for using 

the relative ratio of the utility in the different health states in Figure 1, and therefore do not require the explicit 

measurement of quality of life or drug-related adverse events.  The decision rule using the IIgAN-PT was compared 

to the traditional alternative where risk assessment in Step 1 was based solely on proteinuria at biopsy ≥1g/day 

because this reflects the 2012 KDIGO GN guideline suggestions for corticosteroid treatment9.  An increase in net 

benefit or net reduction in treatment between decision rules suggests a better treatment decision that will benefit 

patients7.  Further details regarding the analysis are provided in the Supplementary Methods.   
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1st Faculty of Medicine and General University Hospital, Charles University, Prague, Czech Republic);  D. 

Maixnerova (MD, Department of Nephrology, 1st Faculty of Medicine and General University Hospital, Charles 

University, Prague, Czech Republic); S. Lundberg (MD, Nephrology Unit, Department of Clinical Sciences, 

Karolinska Institute, Stockholm, Sweden); L. Gesualdo (MD, Department of  Nephrology, Emergency and Organ 

Transplantation, University of Bari “Aldo Moro”, Foggia-Bari, Italy); F. Emma (MD, Division of Nephrology, 

Department of Pediatric Subspecialties, Bambino Gesù Children's Hospital IRCCS, Rome, Italy); L. Fuiano (MD, 

Division of Nephrology, Department of Pediatric Subspecialties, Bambino Gesù Children's Hospital IRCCS, Rome, 

Italy); G. Beltrame (MD, Nephrology and Dialysis Unit, San Giovanni Bosco Hospital, and University of 

Turin,Turin, Italy); C. Rollino (MD, Nephrology and Dialysis Unit, San Giovanni Bosco Hospital, and University of 

Turin,Turin, Italy); A. Amore (MD, Nephrology Unit, Regina Margherita Children’s Hospital,Turin, Italy);  R. 

Camilla (MD Nephrology Unit, Regina Margherita Children’s Hospital, Turin, Italy);  L. Peruzzi (MD, Nephrology 

Unit, Regina Margherita Children’s Hospital, Turin, Italy); M. Praga (MD, Nephrology Unit ,Hospital 12 de 

Octubre,Madrid, Spain); S. Feriozzi  (MD, Nephrology Unit, Belcolle Hospital, Viterbo, Italy), R. Polci, (MD, 

Nephrology Unit , Belcolle Hospital,Viterbo, Italy); G. Segoloni ,( MD, Division of Nephrology Dialysis and 

Transplantation, Department of Medical Sciences, Città della Salute e della Scienza Hospital and University of 

Turin,Turin, Italy);  L.Colla (MD, Division of Nephrology Dialysis and Transplantation, Department of Medical 

Sciences, Città della Salute e della Scienza Hospital and University of Turin,Turin, Italy);  A. Pani  (MD, 

Nephrology Unit , G. Brotzu Hospital, Cagliari, Italy); D. Piras (MD, Nephrology Unit , G. Brotzu Hospital, 

Cagliari, Italy), A. Angioi (MD, Nephrology Unit , G. Brotzu Hospital, Cagliari, Italy); G. Cancarini, (MD, 

Nephrology Unit , Spedali Civili University Hospital, Brescia, Italy);  S. Ravera (MD, Nephrology Unit , Spedali 

Civili University Hospital, Brescia, Italy); M. Durlik (MD, Department of Transplantation Medicine, Nephrology, 

and Internal Medicine, Medical University of Warsaw, Warsaw, Poland); E. Moggia (Nephrology Unit, Santa Croce 

Hospital, Cuneo, Italy); J. Ballarin (MD, Department of Nephrology, Fundacion Puigvert, Barcelona, Spain); S. Di 

Giulio (MD, Nephrology Unit, San Camillo Forlanini Hospital, Rome, Italy); F. Pugliese (MD, Department of 

Nephrology, Policlinico Umberto I University Hospital, Rome, Italy); I. Serriello (MD, Department of Nephrology , 

Policlinico Umberto I University Hospital, Rome, Italy); Y. Caliskan (MD, Division of Nephrology, Department of 

Internal Medicine, Istanbul Faculty of Medicine, Istanbul University, Istanbul, Turkey); M. Sever (MD, Division of 

Nephrology, Department of Internal Medicine, Istanbul Faculty of Medicine, Istanbul University, Istanbul, Turkey); 
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I..Kilicaslan (MD, Department of Pathology, Istanbul Faculty of Medicine, Istanbul University, Istanbul, Turkey); F. 

Locatelli (MD, Department of Nephrology and Dialysis, Alessandro Manzoni Hospital, ASST Lecco, Italy); L. Del 

Vecchio (MD, Department of Nephrology and Dialysis, Alessandro Manzoni Hospital, ASST Lecco, Italy); J.F.M. 

Wetzels (MD, Departments of Nephrology, Radboud University Medical Center, Nijmegen, the Netherlands); H. 

Peters (MD, Departments of Nephrology, Radboud University Medical Center, Nijmegen, the Netherlands); U. Berg 

(MD, Division of Pediatrics, Department of Clinical Science, Intervention and Technology, Huddinge, Sweden); F. 

Carvalho (MD, Nephrology Unit , Hospital de Curry Cabral, Lisbon, Portugal); A.C. da Costa Ferreira (MD, 

Nephrology Unit , Hospital de Curry Cabral, Lisbon, Portugal); M. Maggio (MD, Nephrology Unit , Hospital 

Maggiore di Lodi, Lodi, Italy); A. Wiecek (MD, Department Nephrology, Endocrinology and Metabolic Diseases, 

Silesian University of Medicine, Katowice, Poland); M. Ots-Rosenberg( MD, Nephrology Unit, Tartu University 

Clinics, Tartu,Estonia); R. Magistroni (MD, Department of Nephrology, Policlinic of Modena and Reggio Emilia; 

Modena, Italy); R. Topaloglu (MD, Department of Pediatric Nephrology and Rheumatology, Hacettepe University, 

Ankara, Turkey); Y. Bilginer (MD, Department of Pediatric Nephrology and Rheumatology, Hacettepe University, 

Ankara, Turkey); M. D’Amico (MD, Nephrology Unit, S. Anna Hospital, Como, Italy); M. Stangou ( MD, 

Department of Nephrology, Hippokration General Hospital, Aristotle University of Thessaloniki, Thessaloniki, 

Greece); F. Giacchino (MD, Nephrology Unit, Ivrea Hospital, Ivrea, Italy); D. Goumenos (MD Department of 

Nephrology, University Hospital of Patras, Patras, Greece); P. Kalliakmani (MD Department of Nephrology, 

University Hospital of Patras, Patras, Greece); M. Gerolymos (MD Department of Nephrology, University Hospital 

of Patras, Patras, Greece); K. Galesic (MD, Department of Nephrology ,University Hospital Dubrava, Zagreb, 

Croatia); C. Geddes (MD, Renal Unit, Western Infirmary Glasgow, Glasgow, United Kingdom);  K. Siamopoulos 

(MD, Nephrology Unit, Medical School University of Ioanina, Ioannina, Greece); O. Balafa (MD, Nephrology 

Unit,Medical School University of Ioanina, Ioannina, Greece); M. Galliani (MD, Nephrology Unit, S.Pertini 

Hospital, Rome, Italy); P. Stratta  (MD, Department of Nephrology, Maggiore della Carità Hospital, Piemonte 

Orientale University, Novara, Italy); M. Quaglia (MD, Department of Nephrology, Maggiore della Carità Hospital, 

Piemonte Orientale University, Novara, Italy); R. Bergia (MD, Nephrology Unit , Degli Infermi Hospital, 

Biella,Italy); R. Cravero (MD, Nephrology Unit , Degli Infermi Hospital, Biella, Italy); M. Salvadori, (MD, 

Department of Nephrology, Careggi Hospital, Florence, Italy);  L. Cirami (MD, Department of Nephrology, Careggi 

Hospital, Florence, Italy); B. Fellstrom (MD, Renal Department, University of Uppsala, Uppsala, Sweden); H. 

Kloster Smerud (MD, Renal Department, University of Uppsala, Uppsala, Sweden); F. Ferrario (MD, 

Nephropathology Unit, San Gerardo Hospital, Monza, Italy); T. Stellato (MD, Nephropathology Unit, San Gerardo 

Hospital, Monza, Italy); J. Egido (MD, Department of Nephrology, Fundacion Jimenez Diaz, Madrid, Spain); C. 

Martin ( MD, Department of Nephrology, Fundacion Jimenez Diaz, Madrid, Spain); J. Floege (MD, Nephrology and 

Immunology, Medizinische Klinik II, University of Aachen, Aachen, Germany); F. Eitner (MD, Nephrology and 

Immunology, Medizinische Klinik II, University of Aachen, Aachen, Germany); A. Lupo (MD, Department of 

Nephrology, University of Verona, Verona, Italy);  P. Bernich (MD, Department of Nephrology, University of 

Verona, Verona, Italy); P. Menè (Department of Nephrology,S. Andrea Hospital, Rome, Italy); M. Morosetti 

(Nephrology Unit , Grassi Hospital, Ostia, Italy); C. van Kooten, (MD, Department of Nephrology, Leiden 
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University Medical Centre, Leiden, The Netherlands);  T. Rabelink (MD, Department of Nephrology, Leiden 

University Medical Centre, Leiden, The Netherlands); M.E.J. Reinders (MD, Department of Nephrology, Leiden 

University Medical Centre, Leiden, The Netherlands); J.M. Boria Grinyo (Department of Nephrology, Hospital 

Bellvitge, Barcelona, Spain); S. Cusinato  (MD, Nephrology Unit , Borgomanero Hospital, Borgomanero, Italy); L. 

Benozzi (MD, Nephrology Unit , Borgomanero Hospital, Borgomanero, Italy); S. Savoldi, (MD, Nephrology Unit , 

Civile Hospital, Ciriè, Italy);  C. Licata (MD, Nephrology Unit , Civile Hospital, Ciriè, Italy); M. Mizerska-Wasiak 

(MD, Department of Pediatrics, Medical University of Warsaw, Warsaw, Poland); G. Martina (MD, Nephrology 

Unit, Chivasso Hospital, Chivasso, Italy); A. Messuerotti (MD, Nephrology Unit, Chivasso Hospital, Chivasso, 

Italy); A. Dal Canton (MD, Nephrology Unit, S. Matteo Hospital, Pavia, Italy); C. Esposito (MD, Nephrology Unit, 

Maugeri Foundation, Pavia, Italy); C. Migotto (MD, Nephrology Unit, Maugeri Foundation, Pavia, Italy); G. Triolo 

MD, Nephrology Unit CTO, Turin, Italy); F.Mariano (MD, Nephrology Unit CTO, Turin, Italy); C. Pozzi (MD, 

Nephrology Unit , Bassini Hospital, Cinisello Balsamo, Italy); R. Boero (MD, Nephrology Unit , Martini Hospital, 

Turin, Italy).  

 

VALIGA pathology investigators: S. Bellur (MD, Department of Cellular Pathology, Oxford University Hospitals 

NHS Foundation Trust, John Radcliffe Hospital, Oxford, United Kingdom); G.Mazzucco (MD, Pathology 

Department, University of Turin, Turin,  Italy); C. Giannakakis (MD, Pathology Department, La Sapienza 

University, Rome, Italy); E. Honsova  (MD, Department of Clinical and Transplant Pathology, Institute for Clinical 

and Experimental Medicine, Prague, Czech Republic); B. Sundelin (MD Department of Pathology and Cytology, 

Karolinska University Hospital, Karolinska Institute, Stockholm, Sweden); A.M. Di Palma (Nephrology Unit , Aldo 

Moro University, Foggia-Bari, Italy); F. Ferrario (MD, Nephropathology Unit, San Gerardo Hospital, Monza, Italy); 

E. Gutiérrez (MD, Renal, Vascular and Diabetes Research Laboratory, Fundación Instituto de Investigaciones 

Sanitarias-Fundación Jiménez Díaz, Universidad Autónoma de Madrid, Madrid, Spain); A.M. Asunis (MD, 

Department of Pathology, Brotzu Hospital,.Cagliari, Italy); J. Barratt  (MD, The John Walls Renal Unit, Leicester 

General Hospital, Leicester, United Kingdom); R. Tardanico ( MD, Department of Pathology, Spedali Civili 

Hospital, University of Brescia,.Brescia, Italy); A. Perkowska-Ptasinska ( MD, Department of Transplantation 

Medicine, Nephrology and Internal Medicine, Medical University of Warsaw, Warsaw, Poland); J. Arce Terroba 

(MD, Pathology Department, Fundació Puigvert, Barcelona, Spain); M. Fortunato (MD, Pathology Department, S. 

Croce Hospital, Cuneo, Italy); A. Pantzaki (MD, Department of Pathology, Hippokration Hospital, Thessaloniki, 

Greece); Y. Ozluk (MD, Department of Pathology, Istanbul University, Istanbul Faculty of Medicine, Istanbul, 

Turkey); E. Steenbergen ( MD, Radboud University Medical Center, Department of Pathology, Nijmegen, The 

Netherlands); M. Soderberg (MD, Department of Pathology, Drug Safety and Metabolism,. Huddinge, Sweden); Z. 

Riispere (MD, Department of Pathology, University of Tartu, Tartu, Estonia); L. Furci ( MD, Pathology 

Department, University of Modena, Italy); D. Orhan (MD, Department of Pediatrics, Division of Rheumatology, 

Hacettepe University Faculty of Medicine, Ankara, Turkey); D. Kipgen ( MD,Pathology Department, Queen 

Elizabeth University Hospital, Glasgow, United Kingdom); D. Casartelli ( Pathology Department, Manzoni 

Hospital, Lecco, Italy); D. Galesic Ljubanovic (MD, Nephrology Department ,University Hospital, Zagreb, Croatia; 
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Zagreb, Croatia);  H Gakiopoulou ( MD, Department of Pathology , National and Kapodistrian University of Athens 

,Athens, Greece); E. Bertoni ( MD, Nephrology Department, Careggi Hospital, Florence, Italy); P. Cannata Ortiz ( 

MD, Pathology Department, IIS-Fundacion Jimenez Diaz UAM, Madrid, Spain); H. Karkoszka  MD, (Nephrology, 

Endocrinology and Metabolic Diseases, Medical University of Silesia, Katowice, Katowice, Poland); H.J. Groene 

(MD, Cellular and Molecular Pathology, German Cancer Research Center, Heidelberg, Germany); A. Stoppacciaro 

(MD, Surgical Pathology Units, Department of Clinical and Molecular Medicine, Ospedale Sant'Andrea, Sapienza 

University of Rome, Rome, Italy); I. Bajema (MD, Department of Pathology, Leiden University Medical Center, 

Leiden, The Netherlands); J. Bruijn (MD, Department of Pathology, Leiden University Medical Center, Leiden, The 

Netherlands); X. Fulladosa Oliveras (MD, Nephrology Unit, Bellvitge University Hospital, Hospitalet de Llobregat,. 

Barcelona, Spain); J. Maldyk (MD, Division of Pathomorphology, Children's Clinical Hospital, Medical University 

of Warsaw, Warsaw, Poland); and E. Ioachim (MD, Department of Pathology, Medical School, University of 

Ioannina, Ioannina, Greece). 

 

Oxford derivation and North American validation investigators: Bavbek  N (MD, Department of Pathology, 

Vanderbilt University, Nashville, Tennessee, USA); Cook T (MD, Imperial College, London, UK), Troyanov S 

(MD, Division of Nephrology, Department of Medicine, Hopital du Sacre-Coeur de Montreal, Montreal, Quebec, 

Canada); Alpers C (MD, Department of Pathology, University of Washington Medical Center, Seattle, Washington, 

USA), Amore A (MD, Nephrology, Dialysis and Transplantation Unit, Regina Margherita Children's Hospital, 

University of Turin, Turin, Italy), Barratt J (MD, The John Walls Renal Unit, Leicester General Hospital, Leicester, 

UK); Berthoux F (MD, Department of Nephrology, Dialysis, and Renal Transplantation, Hôpital Nord, CHU de 

Saint-Etienne, Saint-Etienne, France); Bonsib S (MD, Department of Pathology, LSU Health Sciences Center, 

Shreveport, Los Angeles, USA); Bruijn J (MD, Department of Pathology, Leiden University Medical Center, 

Leiden, The Netherlands); D’Agati V (MD, Department of Pathology, Columbia University College of Physicians & 

Surgeons, New York, New York, USA); D’Amico G (MD, Fondazione D’Amico per la Ricerca sulle Malattie 

Renali, Milan, Italy); Emancipator S (MD, Department of Pathology, Case Western Reserve University, Cleveland, 

Ohio, USA); Emmal F (MD, Division of Nephrology and Dialysis, Department of Nephrology and Urology, 

Bambino Gesù Children's Hospital and Research Institute, Piazza S Onofrio, Rome, Italy); Ferrario F (MD, Renal 

Immunopathology Center, San Carlo Borromeo Hospital, Milan, Italy); Fervenza F (MD PhD, Division of 

Nephrology and Hypertension, Mayo Clinic, Rochester, USA); Florquin S (MD, Department of Pathology, 

Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands); Fogo A (MD, Department of 

Pathology, Vanderbilt University, Nashville, Tennessee, USA); Geddes C (MD, The Renal Unit, Western Infirmary, 

Glasgow, UK); Groene H (MD, Department of Cellular and Molecular Pathology, German Cancer Research Center, 

Heidelberg, Germany); Haas M (MD, Department of Pathology and Laboratory Medicine, Cedars-Sinai Medical 

Center, Los Angeles, California, USA); Hill P (MD, St Vincent's Hospital, Melbourne, Australia); Hogg R (MD, 

Scott and White Medical Center, Temple, Texas, USA (retired)); Hsu S (MD, Division of Nephrology, Hypertension 

and Renal Transplantation, College of Medicine, University of Florida, Gainesville, Florida, USA); Hunley T (MD, 

Department of Pathology, Vanderbilt University, Nashville, Tennessee, USA); Hladunewich (MD, Division of 
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Nephrology, Sunnybrook Health Science Center, University of Toronto, Ontario, Canada M); Jennette C (MD, 

Department of Pathology and Laboratory Medicine, University of North Carolina, Chapel Hill, North Carolina, 

USA); Joh K (MD, Division of Immunopathology, Clinical Research Center Chiba, East National Hospital, Chiba, 

Japan); Julian B (MD , Department of Medicine, University of Alabama at Birmingham, Birmingham, Alabama, 

USA); Kawamura T (MD, Division of Nephrology and Hypertension, Jikei University School of Medicine, Tokyo, 

Japan); Lai F (MD, The Chinese University of Hong Kong, Hong Kong); Leung C (MD, Department of Medicine, 

Prince of Wales Hospital, Chinese University of Hong Kong, Hong Kong); Li L (MD, Research Institute of 

Nephrology, Jinling Hospital, Nanjing University School of Medicine, Nanjing, China); Li P (MD, Department of 

Medicine, Prince of Wales Hospital, Chinese University of Hong Kong, Hong Kong); Liu Z (MD, Research Institute 

of Nephrology, Jinling Hospital, Nanjing University School of Medicine, Nanjing, China); Massat A (MD, Division 

of Nephrology and Hypertension, Mayo Clinic, Rochester, Minnesota, USA); Mackinnon B (MD, The Renal Unit, 

Western Infirmary, Glasgow, UK); Mezzano S (MD, Departamento de Nefrología, Escuela de Medicina, 

Universidad Austral, Valdivia, Chile); Schena F (MD, Renal, Dialysis and Transplant Unit, Policlinico, Bari, Italy); 

Tomino Y (MD, Division of Nephrology, Department of Internal Medicine, Juntendo University School of 

Medicine, Tokyo, Japan);  Walker P (MD, Nephropathology Associates, Little Rock, Arkansas, USA); Wang H 

(MD, Renal Division of Peking University First Hospital, Peking University Institute of Nephrology, Beijing, 

China(deceased)); Weening J (MD, Erasmus Medical Center, Rotterdam, The Netherlands); and Yoshikawa N (MD, 

Department of Pediatrics, Wakayama Medical University, Wakayama City, Japan).   

 

International investigators:  Cai-Hong Zeng (MD, Nanjing University School of Medicine, Nanjing, China); Sufang 

Shi (MD, Peking University Institute of Nephrology, Beijing, China); C.Nogi (MD, Juntendo University, Faculty of 

Medicine, Tokyo, Japan); H.Suzuki (MD, Juntendo University, Faculty of Medicine, Tokyo, Japan); K. Koike (MD, 

Division of Nephrology and Hypertension, Department of Internal Medicine, Jikei University School of 

Medicine,Tokyo, Japan); K. Hirano (MD, Division of Nephrology and Hypertension, Department of Internal 

Medicine, Jikei University School of Medicine ,Tokyo, Japan);  T. Kawamura (MD, Division of Nephrology and 

Hypertension, Department of Internal Medicine, Jikei University School of Medicine ,Tokyo, Japan );  T. Yokoo 

(MD, Division of Nephrology and Hypertension, Department of Internal Medicine, Jikei University School of 

Medicine ,Tokyo, Japan); M. Hanai (MD, Division of Nephrology, Department of Medicine, Kurume University 

School of Medicine, Fukuoka, Japan); K. Fukami (MD, Division of Nephrology, Department of Medicine, Kurume 

University School of Medicine, Fukuoka, , Japan); K. Takahashi (MD, Department of Nephrology, Fujita Health 

University School of Medicne, Aichi, Japan); Y. Yuzawa (MD, Department of Nephrology, Fujita Health University 

School of Medicne, Aichi, Japan); M. Niwa (MD, Department of Nephrology, Nagoya University Graduate School 

of Medicine, Aichi, Japan); Y. Yasuda (MD, Department of Nephrology, Nagoya University Graduate School of 

Medicine, Aichi, Japan); S. Maruyama (MD, Department of Nephrology, Nagoya University Graduate School of 

Medicine, Aichi, Japan); D. Ichikawa (MD, Division of Nephrology and Hypertension, Department of Internal 

Medicine, St. Marianna University School of Medicine, Kanagawa, Japan); T. Suzuki (MD, Division of Nephrology 

and Hypertension, Department of Internal Medicine, St. Marianna University School of Medicine, Kanagawa, 
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Japan); S. Shirai (MD, Division of Nephrology and Hypertension, Department of Internal Medicine, St. Marianna 

University School of Medicine, Kanagawa, Japan); A. Fukuda (MD, First Department of Internal Medicine, Faculty 

of Medicine, University of Miyazaki, Miyazaki, Japan); S. Fujimoto (MD, Department of Hemovascular Medicine 

and Artificial Organs, Faculty of Medicine, University of Miyazaki, Miyazaki, Japan); H. Trimarchi (MD, Division 

of Nephrology, Hospital Britanico, Buenos Aires, Argentina). 
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Table 1: Description of the analytic cohort.   

Data presented as median (IQR) or count (frequency).  The primary outcome was the first occurrence of either a 

permanent 50% decline in eGFR from that at biopsy or ESRD.  Mean arterial blood pressure (MAP), estimated 

glomerular filtration rate (eGFR), use of medications that block the renin-angiotensin system (RASB), end-stage 

kidney disease (ESKD). 

 Analytic Cohort 

Number of patients 3299 
Follow up (years) 5.1 [3.2, 8.0] 
Death 18 (2.7%) 
Year of biopsy 2005 [1999, 2007] 
Age (years) 35.0 [27.6, 44.8] 
Male sex 1795 (54.4%) 
Race/ethnicity  

Caucasian 1072 (32.5%) 
Japanese 935 (28.3%) 
Chinese 1239 (37.6%) 
Other 53 (1.6%) 

Creatinine at biopsy (μmol/L) 88 [69, 115] 
eGFR at biopsy (ml/min/1.73m2) 87 [62, 110] 

30-60 755 (22.9%) 
60-90  1025 (31.1%) 
>90 1519 (46%) 

MAP at biopsy (mmHg) 95.0 [86.7, 103.7] 
Proteinuria at biopsy (g/day) 1.2 [0.7, 2.2] 

<0.5 480 (14.5%) 
0.5 - 1 872 (26.4%) 
1 - 2 1016 (30.8%) 
2 - 3 426 (12.9%) 
>3 505 (15.3%) 

Pathology:   
M1 1274 (38.6%) 
E1 803 (24.3%) 
S1 2561 (77.6%) 
T1 670 (20.3%) 
T2 165 (5%) 
Crescents 1357 (41.1%) 

RASB use at biopsy 1054 (31.9%) 
RASB use during follow-up 2645 (81.6%) 
Immunosuppression use prior to biopsy 297 (9%) 
Immunosuppression use after biopsy 1303 (39.5%) 
Primary outcome:   

50% decline in eGFR 428 (13%) 
ESKD 94 (2.8%) 
Primary outcome 522 (15.8%) 
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Table 2: The differences (∆) in net benefit and net reduction in treatment between decision rules using the 

International IgAN Prediction Tool model without race/ethnicity compared to using proteinuria at biopsy ≥1g/day at 

various example threshold probabilities from 5% to 40%. 

A 95% CI that does not include 0 is considered statistically significant.  Results are provided for each 5% increase in 

threshold probability between 5% and 40%.  The net benefit represents the proportion of patients appropriately 

allocated to receive treatment penalized for the relative impact of inappropriate decisions on quality of life.  

Similarly, the net reduction in treatment represents the proportion of patients appropriately allocated to not receive 

treatment penalized for inappropriate decisions.  The utility ratio provided is based on the threshold probability, and 

is the harm to patients from preventable ESKD divided by the harm from unnecessary drug toxicity. End-stage 

kidney disease (ESKD). 

Threshold 
Probability 

Utility ratio 
of ESKD vs 

drug toxicity 

Model without race/ethnicity versus 
proteinuria ≥1g/day 

∆ Net benefit 
(95% CI) 

∆ Net reduction in treatment 
(95% CI) 

5% 19 0.4% 
(-0.1, 0.9) 

7.8% 
(-1.9, 18.0) 

10% 9 1.1% 
(0.4, 1.8) 

9.7% 
(3.5, 15.9) 

15% 5.7 3.4% 
(2.5, 4.2) 

19.1% 
(14.2, 23.8) 

20% 4 5.5% 
(4.4, 6.5) 

21.9% 
(17.6, 25.9) 

25% 3 8.9% 
(7.6, 10.1) 

26.6% 
(22.9, 30.2) 

30% 2.3 12.9% 
(11.5, 14.2) 

30.1% 
(26.8, 33.2) 

35% 1.9 17.7% 
(16.0, 19.2) 

32.8% 
(29.7, 35.7) 

40% 1.5 23.4% 
(21.5, 25.2) 

35.1% 
(32.3, 37.8) 
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Figure Titles and Captions 

 

Figure 1:  A decision algorithm for immunosuppression treatment allocation in IgAN based on the risk of disease 

progression.  

In Step 1, treatment is allocated using an assessment of individual patient risk of disease progression.  This step 

could be based on proteinuria alone (ie ≥1g/day) or based on individual risk from the International IgAN Risk 

Prediction Tool.  In Step 2, it is determined whether, in the absence of treatment, a patient would have experienced 

disease progression or not.  This is used to identify appropriate versus inappropriate treatment allocation.  This 

algorithm considers appropriate treatment allocation as providing immunosuppression to patients who would 

otherwise experience disease progression or avoiding immunosuppression from patients with non-progressive 

disease.  It is assumed that disease progression, no matter how it is defined, would ultimately result in ESKD 

thereby resulting in the health utility states listed in A and C. The point of treatment equipoise occurs for each 

patient when the health utility from treatment (ie A + B) is exactly equal to the health utility from not being treated 

(ie C + D).  QOL = quality of life. End-stage kidney disease (ESKD).  IgA nephropathy (IgAN). 

 

Figure 2:  The net benefit (panel A) and net reduction in treatment (panel B) for immunosuppression treatment 

allocation based on the International IgAN Prediction Tool model without race/ethnicity, based on proteinuria at 

biopsy ≥1g/day, treating everybody, or treating nobody. 

At each threshold probability from 0 to 1 (ie 0% to 100%), treatment was allocated based on the Prediction Tool if 

the predicted 5-year risk was greater than or equal to the threshold probability.  The net benefit represents the 

proportion of patients appropriately allocated to receive treatment penalized for the relative impact of inappropriate 

decisions on quality of life.  Similarly, the net reduction in treatment represents the proportion of patients 

appropriately allocated to not receive treatment penalized for inappropriate decisions. The X marks in (A) are the 

threshold probabilities where the net benefit curves are zero, and in (B) is the threshold probability where the net 

reduction in treatment for the prediction model diverges from the net reduction in treatment for proteinuria ≥1g/day.   

 

Figure 3:  The difference between the net benefit from immunosuppression treatment allocation based on the 

International IgAN Prediction Tool model without race/ethnicity and the net benefit from treatment allocation based 

on proteinuria at biopsy ≥1g/day.   

The 95% confidence intervals are indicated by the shaded lines.  The X mark is the threshold probability where the 

lower bound of the 95% confidence interval exceeds zero, and corresponds to a difference in net benefit of 0.9% 

(95% CI 0.2-1.6%). 
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Figure 4:  The distribution of predicted 5-year risk of the primary outcome from the time of biopsy using the 

International IgAN Prediction Tool model, in subgroups with proteinuria ≥1g/day and <1g/day. 

An example threshold probability is provided for 11% (based on the results from Supplementary Figure S5) and 

using the prediction model with race/ethnicity to allocated immunosuppression treatment.  All patients with 

predicted 5-year risk above 11% would be allocated to receive treatment and patients with predicted 5-year risk 

below 11% would be allocated to not receive treatment.  The shaded regions demonstrate the percentage of patients 

with discordant treatment allocation based on proteinuria ≥1g/day compared to allocation based on individual risk 

from the prediction model.   

 

Figure 5:  The net benefit for immunosuppression treatment decisions based on the International IgAN Prediction 

Tool model without race/ethnicity, based on proteinuria at biopsy ≥1g/day, treating everybody, or treating nobody, 

analyzed separately in subgroups based on immunosuppression exposure after biopsy within the analytic dataset. 

Interpretation of net benefit is related to the allocation of a hypothetical immunosuppression treatment that is 

external and unrelated to the analytic dataset.  Conversely, subgroups in this figure were identified based on actual 

immunosuppression exposure that did (panel A) or did not (panel B) occur within the analytic dataset.   
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Supplementary Material 

Supplementary Methods 

Supplementary Table S1:  Description of the analytic cohort compared to the overall cohort prior to exclusion 

criteria based on missing predictor variables.   

Supplementary Table S2: The differences (∆) in net benefit and net reduction in treatment between decision rules 

using the International IgAN Prediction Tool model with race/ethnicity compared to using proteinuria at biopsy 

≥1g/day at various example threshold probabilities from 5% to 40%. 

Supplementary Figure S1:  Derivation of the analytic cohort. 

Supplementary Figure S2: The cumulative incidence of the primary outcome (50% decline in eGFR or ESRD) in 

the analytic cohort with 95% confidence intervals.  

Supplementary Figure S3:  The distribution of predicted 5-year risk of the primary outcome using the International 

IgAN Prediction Tool. 

Supplementary Figure S4:  The net benefit (panel A) and net reduction in treatment (panel B) for 

immunosuppression treatment allocation based on the International IgAN Prediction Tool models with or without 

race/ethnicity, based on proteinuria at biopsy ≥1g/day, treating everybody, or treating nobody. 

Supplementary Figure S5:  The difference between the net benefit from immunosuppression treatment allocation 

based on the International IgAN Prediction Tool model with race/ethnicity and the net benefit from treatment 

allocation based on proteinuria at biopsy ≥1g/day.   

Supplementary Figure S6:  The net benefit for immunosuppression treatment decisions based on the International 

IgAN Prediction Tool models with or without race/ethnicity, based on proteinuria at biopsy ≥1g/day, treating 

everybody, or treating nobody, analyzed in subgroups based on median age at biopsy (panel A), immunosuppression 

exposure after biopsy (panel B), membership in the IgAN Prediction Tool derivation versus validation cohorts 

(panel C), and RASB use at biopsy (D). 

 

Supplementary information is available at Kidney International's website.  
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