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Abstract

Immunosuppression in IgA nephropathy (IgAN) shdugdreserved for patients at high-risk of
disease progression, which KDIGO guidelines deteerbiased solely on proteinuria 1g or
more/day. To investigate if treatment decisionsloamore accurately accomplished using
individualized risk from the International IgAN Rlietion Tool, we simulated allocation of a
hypothetical immunosuppression therapy in an irtional cohort of adults with IgAN. Two
decision rules for treatment were applied basegroteinuria 1g or more/day or predicted risk
from the Prediction Tool above a threshold probgbihn appropriate decision was defined as
immunosuppression allocated to patients experigrttia primary outcome (50% decline in
eGFR or ESKD) and withheld otherwise. The net béaefl net reduction in treatment are the
proportion of patients appropriately allocatedeoaive or withhold immunosuppression,
adjusted for the harm from inappropriate decisicas;ulated for all threshold probabilities

from 0-100%. Of 3299 patients followed for 5.1 y&ed&22 (15.8%) experienced the primary
outcome. Treatment allocation based solely on prot& o@ 1g or more/day had a negative net
benefit (was harmful) because immunosuppressioneasasingly allocated to patients without
progressive disease. Compared to using proteirtve@ment allocation using the Prediction
Tool had a larger net benefit up to 23.4% (95% ictemice interval 21.5-25.2%) and a larger net
reduction in treatment up to 35.1% (32.3-37.8%usl lallocation of immunosuppression to
high-risk patients with IJAN can be substantiatyproved using the Prediction Tool compared
to using proteinuria

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



I ntroduction

The treatment paradigm in IgA nephropathy (IgANglignging rapidl}; Based on an improved understanding of
disease mechanisms, multiple novel immunosuppresksarapies are currently being evaluated thattatijferent
pathways in the pathogenesis of IgAN including-ti&k receptor inhibition with hydroxychloroquingrgeted-
release budesonide, and inhibitors of the complémet APRIL-signaling pathwa$& If found to be efficacious,
clinicians will be faced with the difficult task choosing the most appropriate therapy for eacivishabl patient.
An ideal precision-medicine approach to selectimgnamunosuppression therapy would consider both the
likelihood of treatment response and the risk eédse progression without treatment, weighed aghieside
effects of immunosuppression. Therefore, the dewcitd treat a patient with immunosuppression igiehtly
linked to the probability of experiencing diseasegpession to end-stage kidney disease (ESKD)ypkal
treatment algorithm based on the risk of diseasgrpssion is shown in Figure 1, in which therefate possible
health states (A, B, C and D) that are intuitivebysidered by clinicians and patients each time an
immunosuppression treatment decision is rhadenongst patients with either extremely highawIrisk disease,
treatment decisions are clinically obvious and s#roversial. In between these extremes, ttseaepioint of true
equipoise for each patient at which the expecteetiteof immunosuppression is equal to the expebetkfit of
avoiding immunosuppression and around which treatmecisions have the greatest uncertainty. Théertge for
clinicians and patients is to identify this poirfiteguipoise and decide if the balance of risk veisenefit favors (or

not) a decision to treat with immunosuppression.

Because an essential element of the decision-makouess is an assessment of the risk of diseagegsssion, it
will be increasingly important to accurately predtus risk at the individual level and understdmav this is best
integrated into the allocation of treatment. Titaelitional approach to risk-stratification for immasuppression
treatment decisions in IgAN is based solely ongiratria because it is the best validated clinitsi factor for
disease progressitnThe 2012 Kidney Disease Improving Global Outcsifi€DIGO) guidelines suggest that
patients be identified for treatment with cortiasids based on persistent proteinafig/day despite maximum
conservative therapyhowever this approach is not sufficiently accer&tor example, 64-74% of patients in the
control groups of corticosteroid clinical trials dot experience kidney function decline over 3-&rgadespite
having proteinuri@1g/day®*2 Observational data suggest that 33% of patigittshigh-risk histology features
and proteinuria <1g/day eventually experience kydinaction decline, yet these patients would notehlbeen
eligible for corticosteroids because of their lawvé! proteinuri& ™. Therefore, there is clearly a need for a more
accurate risk-stratification tool that can informmunosuppression treatment decisions in IgAN. Tierhational
IgAN Prediction Tool (IIgAN-PT) was recently deriv@nd validated as a model to predict disease gssgn near
the time of biopsy in multiple ethnic groups woride using a combination of readily available clalidsk factors
and the MEST-C histology score, and is availabteus® on-line and in the mobile-app Calculate bjiQx
(https://gxmd.com/calculate-by-gxmt) However, it remains unproven whether the préafictool can be used to

improve the accuracy of immunosuppression treatrdecisions in IgAN.



We hypothesized that immunosuppression can be awagrately allocated to patients with progressigease
using treatment decisions based on personaliziedroms the IIgAN-PT compared to decisions basegmteinuria
alone. To test this, we simulated the allocatioa bfypothetical immunosuppression treatment ingelaohort of
adult patients with biopsy-proven IgAN using a behefit analysis to account for the consequencestbf

appropriate and inappropriate treatment decisions

Results

There were 3,299 patients who satisfied the inclusriteria (see Supplementary Figure S1). Charistics of the
analytic cohort are shown in Table 1. The med&tim&ated glomerular filtration rate (eGFR) at bippsas
87ml/min/.173m (interquartile range (IQR) 62-110) with proteiraufi.2g/day (IQR 0.7-2.2). Over a median
duration of follow-up of 5.1 years (IQR 3.2-8.()etmajority (81.6%) were treated with medicatidmat block the
renin-angiotensin system (RASB), and 39.5% wermrgdctwith immunosuppression. The primary outcobO84
decline in eGFR or ESKD) occurred in 522 patietts §%), with a 5-year risk of 12.3% (95% confideirgerval
(Cl) 11.0-13.6%, see Supplementary Figure S2)n@tie lIIgAN-PT, the distribution of predicted 5ayeisk of

the primary outcome is shown in Supplementary Fd:.
Allocating treatment to high-risk patients

The net benefit is the proportion of patients appedely allocated to receive immunosuppressiogyfé 1: A)
penalized for the consequences from inapproprietgrent allocation (Figure 1: B and C). Figuredd&cribes

the net benefit for two decision rules to allodatenunosuppression, the first based on 5-year rimk the 1lgAN-

PT model without race/ethnicityg(predicted risk> threshold probability (), and the second based on proteinuria
at biopsy>1g/day. The net benefit depends on the thresholdagbility, and was therefore calculated for all
possible Pbetween 0 and 1 (0-100%). Across the majoritl,ofreatment allocation based on the Prediction Tool
model had a larger net benefit compared to usintepruria>1g/day. When Rexceeded 60%, there were so few
patients with predicted risk above the thresho#d treatment allocation based on the Prediction Hecame

similar to an approach of treating nobody. Theas wo range infh which treatment allocation based on
proteinuria>1g/day had a larger net benefit compared to usiadrediction Tool. For;Rbove 18%, treatment
allocation based on proteinuria had a negativdapéfit and was therefore potentially harmful ttgpds. The
differences in net benefit between decision rutesshown in Figure 3 with 95% confidence intervdi®r R above
9%, there was a significant increase in the neefitefor immunosuppression allocation using thediation Tool
model compared to using proteinuridg/day, as demonstrated by the lower bound of 3 €1 for the difference
in net benefit exceeding zero (0.9%, 95% CI 0.24).6Results were similar for the alternative 1lgAN model

which includes race/ethnicity (see Supplementagyfeis S4A and S5).



Avoiding treatment in low-risk patients

The net reduction in treatment is the proportiopatients appropriately allocatedrat receive
immunosuppression (Figure 1: D) penalized for thhesequences from inappropriate treatment allocékaure 1:
B and C), and is shown in Figure 2B for the IIgAN-Riodel without race/ethnicity. Fog &ove 8% the curves
start to diverge demonstrating that, in this ramigggtment allocation using the Prediction Toolhesl in the
appropriate avoidance of immunosuppression fromerfaw-risk patients compared to using only proteeu

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

Applying theseresultsto futureimmunosuppr ession therapies

To apply these results, one would need to firsttifiea threshold probability that is applicableao
immunosuppression treatment decision under coratider and then proceed vertically from the x-aixeBigures
2A and 2B to determine the net benefit and netcetd in treatment that can be expected if thattiment decision
was based on either proteinurihg/day or based on the Prediction Tool. A prattiogtation of this approach is
that for any specific type of immunosuppressiomgeaionsidered, the optimal t® use in a decision rule that
allocates treatment may not be known, althoughibathematically related to all four health stateined in
Figure 1 (A, B, C and D). As discussed in the $eimgntary Methods, this can be simplified to thitytatio of
harm to patients from not being treated when itdtave been beneficialehealth state C: consequences of
preventable ESKD), to the harm caused by unnecessmtment exposurée(health state B: consequences of drug
toxicity). For illustrative purposes using examfileeshold probabilities between 5% and 40%, Takdad
Supplementary Table S2 demonstrate the utilitpsatiheir corresponding,Rand the resulting difference in net
benefit and net reduction in treatment betweensitatirules using the IIgAN-PT versus proteingria/day to
allocate treatment. A higher $uch as 40% would be appropriate for immunosugpesherapies with substantial
toxicity in which the harm from disease progresgm&ESKD is only 1.5-fold the harm from drug expresu
Conversely, a lower,Buch as 5% would be appropriate for therapies lith side-effects in which the harm of
disease progression is 19-fold higher than thah fdoug exposure. Figure 4 illustrates the appboadf our results
using a threshold probability of 11% (which is theeshold probability where the lower bound of 886
confidence interval exceeds zero in Supplementayyré S5). All patients with proteinuridlg/day would qualify
for immunosuppression if treatment was allocatesetian proteinuria alone, however 47% have lowipted risk
below 11% and henagould not qualify for treatment if it was allocated using@thgAN-PT. Conversely, patients
with proteinuria <1g/day would not qualify for immaosuppression if treatment was allocated basedanly
proteinuria, of whom 17% have high-predicted riskdve the threshold of 11%) and therefaoeld qualify for

treatment if it was allocated using the [IgAN-PT.

Sensitivity analyses



The net benefit analysis was repeated in subgrbapsd on immunosuppression exposure after biogsyvthe
analytic cohort (see Figure 5 and Supplementaryrgi®6), with no change to the results. The aisalyas also
repeated in subgroups based on age and exposRAESB at biopsy, again with no change to the regsks

Supplementary Figure S6).

Discussion

By using a net benefit analysis to simulate thecallion of immunosuppression to a large multi-ethniernational
cohort of adults with IgAN, our results demonstrdite potential improvement in immunosuppressioatinent
decisions that are anticipated to result from ugi@gsonalized risk assessment from the [IgAN-PTe&ns of using
proteinuria>1g/day. This was achieved by both increasingmeat allocation to patients at high-risk of disease
progression and avoiding treatment in patients with-progressive disease. As new therapies beewaikable in
IgAN, these findings illustrate the benefit of deng drug-specific, precision-medicine approadues
immunosuppression treatment decisions that aredlmaséndividualized risk assessment rather thariwoimg to

rely exclusively on a proteinuria threshold.

Our results provide an important framework for fhieire development of personalized treatment amires
specific to each type of immunosuppression. Withrecent acceptance by drug approval agencieoteipuria as
a surrogate outcome measure in IgANMn increasing number of clinical trials are irtigegting novel therapeutic
agents targeting different pathways in the inte$timd systemic immune systefsAs the repertoire of
immunosuppression therapies increases in IgANic@dins and patients will benefit from precision-bésnethods
of selecting the most appropriate treatment optionorder for this to be accomplished in the cahtd the decision
algorithm in Figure 1, drug-specific threshold pablities will need to be determined so that tresitrdecisions
can be made at the individual-patient level. Wilsrequire comprehensive clinical trial data fesch of the four
identified health states (A, B, C and D), whichlie the efficacy of treatment, the risk of advergents, and the
impact on quality of life both while on immunosuppsion and during the subsequent disease trajecibig may
also require understanding patient-level perspeston quality of life in each of these health statehich may
differ between individuals. Because the threstalathich these risks and benefits are balancedlo@rly among
individual patients, we calculated the net beradioss the full spectrum of threshold probabilitiés shown in
Table 2, as threshold probabilities increase frémtd 40%, treatment allocation based on the llgANeBmpared
to proteinuria results in a larger net reductiotrégatment (up to 35%) than it does an improvenrenet benefit
(up to 23%). This suggests that for novel immumppseassion therapies with more side-effects thae tegher
threshold probabilities, the main impact on patiare from precision-based treatment decisiongusbia
Prediction Tool will be better identification ofler-risk patients in whom treatment can be avoidEdis may also
be relevant to the current use of high-dose castaroids, which were associated with a substabfié85% absolute
risk of serious adverse events in the TESTING an@’-IgAN trials* *® Drug-specific health utility data from

clinical trials will be needed to determine whigipé of therapies with significant side-effects aneacceptable



tradeoff for patients given that progression of Nyfesults in ESKD, which is associated with a selyereduced

quality of life'®.

Our analysis provides insight into the advantagesimg the full complement of clinical and histglo predictor
variables to inform therapeutic decisions in IgAN.eatment allocation based on proteinuria at higfigy/day had
a negative net benefit and hence was potentiatiphea to patients for threshold probabilities abd8%. This is
because the 5-year risk of the primary outcomeaumcohort amongst those with proteinuria at biopsg/day was
only 18% (95% CI 16-20%), indicating that most pats (82%) who would qualify for immunosuppresdiased
on proteinuria alone did not experience diseasgrpesion and so would be considered inappropriatgipsed to
treatment. Compared to using proteinuria alore Ptrediction Tool provided a significant increasaét benefit
and net reduction in treatment for threshold prdhegs above 8-11%. This improvement in treatmalfdcation is
due to the prediction benefit that results fromsidering other variables in the model in additiomptoteinuria.
These include eGFR, blood pressure, age, MESTIbgst@cores, medication use and race/ethnicityciwhare
supported by multiple cohort studies that have detrated these risk factors are associated witadis
progression independent of proteintti®? As the Prediction Tool is updated in the futtrénclude novel
predictor variables such as biomarkers or histoldtgracteristics, the impact on the net benefittesatment
allocation will need to be re-evaluated. Impotgrthere was no threshold probability at whichtpiouria was
superior to the lIgAN-PT. This suggests that thedittion Tool models can be used to develop dpegific
precision-based treatment algorithms for future imosuppression therapies that span the full spaabfiefficacy

versus toxicity.

Treatment decisions in IgAN are often challengiggmilar to many other conditions, there is cureitsufficient
data in IgAN to accurately capture the differeralttestates depicted in Figure 1. The net benefistruct was
developed by Vickers in 2006 to specifically address problerh By starting with the concept and properties of a
threshold probability, and repeating the analysir @ll possible threshold probabilities, the netéfit analysis
accounts for all combinations of risk versus bertefit may be applicable to any particular treatnaeision, and
thus does not require explicit quality of life déoa each potential health stateThe interpretation of the results in
IgAN can be considered in the context of a shaesisibn-making process to allocate a future hygatake
immunosuppression therapy. The physician and matieuld collectively discuss the risks and besdfit the
treatment under consideration and the impact ofitgud life, identify an appropriate threshold gability, and
proceed vertically from the x-axis in Figure 2 demtify the improvement in net benefit that carekpected if the
treatment was allocated using the IIlgAN-PT instefiroteinuria>1g/day”. Less effective treatments may have a
higher threshold probability so that only the higthesk patients are allocated to receive a padéiptiess beneficial
therapy. This process is potentially cumbersontepone to inaccuracies in the quantification dferg-perceived
quality of life in different clinical scenarios. sfsuch, our results are better interpreted as adsnation of the
potential benefits that can be achieved from personalizédirased treatment decisions using the Predictiah 8s

compared to continuing to rely solely on proteiaurlg/day, as is currently standard of care. In thag whe net



benefit analysis is fundamentally a statistical tocevaluate the performance characteristicsriediction model,
similar to a C-statistic, Akaike Information Criten, or calibration cur/d. However, it is unique in that the
interpretation of the results can be consideraténcontext of a treatment decision. It is impotta note that this
decision is based on the allocation of a hypotaétinmunosuppression therapy external to the aicatghort, and
does not relate to the actual exposure to anyntreratthat may have occurred to patients withinddwaset. In our
analysis, immunosuppression during follow-up wasdugs 39.5% of patients. This is common in predict
modeling studies, including many that have usedtdanefit analysis to assess prediction modetsiiorts
exposed to some type of treatment during followtha itself can alter the risk of the primary oute®>%. To
investigate the implications of treatment used iwithe analytic dataset on the accuracy of theiBtied Tool, and
therefore on the net benefit results, the analysis repeated in subgroups based on immunosuppresgiosure
(Figure 5). Because the decision curves were siamjfar in the two subgroups, any exposure to tneatt within
the analytic dataset did not impact the primaryotasion that allocation of a new hypothetical imrosappression
therapy can be improved using personalized risk filwe Prediction Tool as compared to relying sotely

proteinuria.

There are several limitations to our study. Beedhs [IgAN-PT was designed to predict risk attthree of biopsy,
the current results have a similar time constrdihts is not an unreasonable assumption given #dian time
from biopsy to immunosuppression treatment in theydic cohort was only 1.3 months (IQR 0-4.9), gesting
that treatment decisions near the time of biopsycammon in patients with IgAN. In addition, thald&y to make
treatment decisions earlier in the disease couitb@ut longer periods of observation offers the aynity to
intervene before the onset of irreversible tissamage. The IIQAN-PT was developed in a mostly @aian,
Japanese and Chinese cohort to predict the ridisese progression between 5 and 7 years afigsybidAs such,
treatment allocation based on the Prediction Tcay not account for disease progression over a tange
horizon or in patients from other ethnic groupshaiit further validation. The development of antufe
personalized treatment approach in IgAN that inccates the 1IgAN-PT should not replace clinicalidien
making and should instead complement a sharedidedistween physicians and patients. Immunosupjmes
treatment decisions should be ideally based orepratia>1g/day after a period of optimized conservatives¢hat
includes RASB. In our analysis proteinuria was assessed dtrtteeof biopsy, at which point RASB was used in
only 31.9% of patients and drug dosing and duraties not known. As such we were not able to asess
conservative care had been optimized. However gweated our analysis in the subgroup of patienRASBB at

biopsy with no change in the results.

In conclusion, we have shown that the accuracyloéating immunosuppression treatment can be sotialtiy
improved by using the IIgAN-PT compared to the itiadal approach based on proteinuria alone. This
improvement is achieved by increasing the ideratfan of both high-risk patients that can be coasd for
treatment and low-risk patients in whom immunoseppion can be avoided. With the increasing repertd

immunosuppression therapies being studied in IghBlse results demonstrate the clear need to depetojsion-



medicine treatment approaches that are drug-speitiiorporate individual risk of disease progressand no

longer rely exclusively on proteinuria.

M ethods

Sudy population

The study population comprised the internationaltiretihnic cohort from the lIlgAN-PT analysis (N=382",

which included patients with biopsy-proven idiopattyAN, available MEST-C scores, ag&8 years, who did not
have ESKD at the time of biopsy, and who had akb#laGFR data during longitudinal follow-up aftéofisy.
Further details are provided in the Supplementagyhidds. We additionally excluded patients withgimg
predictor variable data, and those with eGFR gyo<30ml/min/1.73mbecause this latter group is considered
ineligible for immunosuppression according to th&2 KDIGO GN guidelineés This project was approved by the

University of British Columbia research ethics lihawith waived patient consent.

Definitions

Definitions were the same as those used in theNKA analysis, including for mean arterial blooégsure
(MAP), eGFR, and proteinuria at biopsy; prior us@mmunosuppression or RASB; self-reported racefetty; the
MEST-C score; and the presence of cellular or fibHolar crescents (see Supplementary Methodsuftinér
details). The primary outcome was a compositdeffirst occurrence of either ESKD or a persistedtiction in

eGFR to below 50% of the value at biopsy.

Satistical Analysis

The IIgAN-PT comprises two Cox proportional hazamisdels of time from biopsy to the primary outcoméh or
without race/ethnicity as a predictor variable,smed at death or the end of follow*tpThese were used to
calculate the predicted 5-year risk of the primamycome for each patient using the following premliwariables:
age; race/ethnicity; eGFR, MAP and proteinuriaiap®y; prior use of RASB and immunosuppression; thed
MEST histology scores. MAecision rule was created based on Figure 1 to simulate theatit;m of a hypothetical
immunosuppression treatment. Risk assessmengnlStvas based on the IIgAN-PT, in which treatnvess
allocated to patients with predicted 5-year riskager than or equal to a threshold probability. (Pisease
progression in Step 2 was defined as experienbi@gtimary outcome in the analytic cohort. Theshold
probability (R) reflects the risk of disease progression at wiiehe is true equipoise as outlined in Figurentl, a
the benefits of treatment are exactly equal tdotheefits of not being treated. For any hypothétigze of
immunosuppression, the exact threshold probalidityot known, however it is assumed to exist. éehsthe

analysis was repeated for all possible&ween 0 and 1. Thet benefit was calculated as the proportion of



patients appropriately allocated_to receive immupgpsession (Figure 1: A) penalized by the relatigem to

patients from inappropriate treatment decisiongyfé 1: B and C)*2 Thenet reduction in treatment was

calculated as the proportion of patients approgiyalliocated to not receive immunosuppressionuifeid.: D)
similarly penalized for inappropriate decisi6rié This analytic approach is designed for applarath
observational data and is not dependent on theaypéficacy of the hypothetical immunosuppresgieatment
being considered. The consequences of appropiaénappropriate treatment decisions are accodatagsing
thereative ratio of the utility in the different health statm Figure 1, and therefore do not require thdieikp
measurement of quality of life or drug-related adeeevents. The decision rule using the lIgAN-RiE wompared
to the traditional alternative where risk assesgrnmeStep 1 was based solely on proteinuria atdyefig/day
because this reflects the 2012 KDIGO GN guidelinggestions for corticosteroid treatmenan increase in net
benefit or net reduction in treatment between decisules suggests a better treatment decisioniidbenefit

patientd. Further details regarding the analysis are piein the Supplementary Methods.
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Table 1. Description of the analytic cohort.

Data presented as median (IQR) or count (frequentlie primary outcome was the first occurrenceitfer a
permanent 50% decline in eGFR from that at biopg®RD. Mean arterial blood pressure (MAP), estéda

glomerular filtration rate (eGFR), use of medicatidhat block the renin-angiotensin system (RA®BJ-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 (umol/L) 88 [69, 115]
eGFR at biopsy (ml/min/1.73m?) 87 [62, 110]

30-60

755 (22.9%)

60-90

1025 (31.1%)

>90

1519 (46%)

M AP at biopsy (mmHgQ)

95.0 [86.7, 103.7]

Proteinuria at biopsy (g/day)

1.2[0.7, 2.2]

<0.5 480 (14.5%)
05-1 872 (26.4%)
1-2 1016 (30.8%)
2-3 426 (12.9%)
>3 505 (15.3%)
Pathology:
M1 1274 (38.6%)
El 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%)
I mmunosuppression use prior to biopsy 297 (9%)

I mmunosuppression use after biopsy

1303 (39.5%)

Primary outcome:

50% declinein 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 treatmenteein decision rules using the
International IgAN Prediction Tool model withouttedethnicity compared to using proteinuria at bjogkg/day at

various example threshold probabilities from 5%4086.

A 95% CI that does not include 0 is consideredstieally significant. Results are provided focch&% increase in
threshold probability between 5% and 40%. Thebeeefit represents the proportion of patients gmpetely
allocated to receive treatment penalized for thegtive impact of inappropriate decisions on quatityife.

Similarly, the net reduction in treatment represehe proportion of patients appropriately allodatenot receive
treatment penalized for inappropriate decisionke iitility ratio provided is based on the threshmiobability, and
is the harm to patients from preventable ESKD daidithy the harm from unnecessary drug toxicity. Etadie
kidney disease (ESKD).

N ) M odel without race/ethnicity versus
Threshold gftllgts):(rgt\l/g proteinuria>1g/day
Probability drug toxicity | & Net benefit | A Net reduction in treatment
(95% Cl) (95% Cl)
5% 19 0.4% 7.8%
(-0.1,0.9) (-1.9, 18.0)
10% 9 1.1% 9.7%
(0.4, 1.8) (3.5, 15.9)
15% 5.7 3.4% 19.1%
(2.5, 4.2) (14.2, 23.8)
20% 4 5.5% 21.9%
(4.4, 6.5) (17.6, 25.9)
25% 3 8.9% 26.6%
(7.6, 10.1) (22.9, 30.2)
30% 2.3 12.9% 30.1%
(115, 14.2) (26.8, 33.2)
35% 1.9 17.7% 32.8%
(16.0, 19.2) (29.7, 35.7)
40% 15 23.4% 35.1%
(21.5, 25.2) (32.3, 37.8)
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Figure Titles and Captions

Figure1: A decision algorithm for immunosuppression treatitrallocation in IQAN based on the risk of disease

progression.

In Step 1, treatment is allocated using an assegsshendividual patient risk of disease progressid his step
could be based on proteinuria alore>(1g/day) or based on individual risk from the Intgfanal IJAN Risk
Prediction Tool. In Step 2, it is determined wiegthn the absence of treatment, a patient wowke lexperienced
disease progression or not. This is used to ifyestipropriate versus inappropriate treatment atioa. This
algorithm considers appropriate treatment allocaéi® providing immunosuppression to patients wholgvo
otherwise experience disease progression or agidimunosuppression from patients with non-progvess
disease. Itis assumed that disease progressianatter how it is defined, would ultimately resaltE SKD
thereby resulting in the health utility statesdisin A and C. The point of treatment equipoiseuosfor each
patient when the health utility from treatmei® A + B) is exactly equal to the health utility fromot being treated
(ieC + D). QOL = quality of life. End-stage kidneigdase (ESKD). IgA nephropathy (IgAN).

Figure 2: The net benefit (panel A) and net reduction @atment (panel B) for immunosuppression treatment
allocation based on the International IgAN Predittiool model without race/ethnicity, based on girairia at

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

At each threshold probability from 0 to it 0% to 100%), treatment was allocated based oRtédiction Tool if
the predicted 5-year risk was greater than or efquidle threshold probability. The net benefitresents the
proportion of patients appropriately allocateddosive treatment penalized for the relative impéahappropriate
decisions on quality of life. Similarly, the neiduction in treatment represents the proportigoatients
appropriately allocated to not receive treatmeniafized for inappropriate decisions. The X markgApare the
threshold probabilities where the net benefit carare zero, and in (B) is the threshold probabilibere the net

reduction in treatment for the prediction modeledges from the net reduction in treatment for pnoiéa>1g/day.

Figure 3: The difference between the net benefit from imoswppression treatment allocation based on the
International IgAN Prediction Tool model withouttedethnicity and the net benefit from treatmerdadtion based

on proteinuria at biopsylg/day.

The 95% confidence intervals are indicated by tfeed lines. The X mark is the threshold probgbiihere the
lower bound of the 95% confidence interval excessts, and corresponds to a difference in net bieokfi.9%
(95% CI 0.2-1.6%).
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Figure4: The distribution of predicted 5-year risk of {mary outcome from the time of biopsy using the
International IgAN Prediction Tool model, in subgps with proteinurigzlg/day and <1g/day.

An example threshold probability is provided foPd{based on the results from Supplementary FigG)ead
using the prediction model with race/ethnicity toeated immunosuppression treatment. All patisvith
predicted 5-year risk above 11% would be allocédeceive treatment and patients with predictgg&r risk
below 11% would be allocated to not receive treatmdhe shaded regions demonstrate the perceafaugients
with discordant treatment allocation based on [matéa >1g/day compared to allocation based on individisil r

from the prediction model.

Figure5: The net benefit for immunosuppression treatmentsibns based on the International IgAN Prediction
Tool model without race/ethnicity, based on pratei at biopsy-1g/day, treating everybody, or treating nobody,

analyzed separately in subgroups based on immupoesgion exposure after biopsy within the analyéitaset.

Interpretation of net benefit is related to theedition of a hypothetical immunosuppression treatrtiet is
external and unrelated to the analytic datasenv@wely, subgroups in this figure were identifieded on actual

immunosuppression exposure that did (panel A) @ndt (panel B) occur within the analytic dataset.
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Supplementary M aterial

Supplementary M ethods

Supplementary Table S1. Description of the analytic cohort compared te ¢lerall cohort prior to exclusion

criteria based on missing predictor variables.

Supplementary Table S2: The differences) in net benefit and net reduction in treatmenweein decision rules
using the International IgAN Prediction Tool mowéth race/ethnicity compared to using proteinutidiapsy

>1g/day at various example threshold probabilittesnf5% to 40%.
Supplementary Figure S1: Derivation of the analytic cohort.

Supplementary Figure S2: The cumulative incidence of the primary outcom@=decline in eGFR or ESRD) in

the analytic cohort with 95% confidence intervals.

Supplementary Figure S3: The distribution of predicted 5-year risk of fwemary outcome using the International
IgAN Prediction Tool.

Supplementary Figure S4: The net benefit (panel A) and net reduction @atment (panel B) for
immunosuppression treatment allocation based omteenational IgAN Prediction Tool models withwithout

race/ethnicity, based on proteinuria at biop$g/day, treating everybody, or treating nobody.

Supplementary Figure S5: The difference between the net benefit from imaswppression treatment allocation
based on the International IgAN Prediction Tool mloglith race/ethnicity and the net benefit fromatraent

allocation based on proteinuria at biopdy/day.

Supplementary Figure S6: The net benefit for immunosuppression treatmentsions based on the International
IgAN Prediction Tool models with or without raceieicity, based on proteinuria at biopsyg/day, treating
everybody, or treating nobody, analyzed in subgschgsed on median age at biopsy (panel A), immuyogpoession
exposure after biopsy (panel B), membership ingié Prediction Tool derivation versus validatioohorts

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

Supplementary information is available at Kidnetemational's website.
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Step 1

Does this patient with
IgAN need
immunosuppression?

What is their risk of
disease progression?

Assess individual patient
risk of disease
progression

Step 2

High risk

Treat with
immunosuppression

Low risk

Don't treat with
immunosuppression

Determine disease
progression in the
absence of treatment

Disease progresses

Disease does not
progress

Disease progresses

Disease does not
progress

|

Appropriate
treatment allocation

Inappropriate
treatment allocation

Inappropriate
treatment allocation

Appropriate
treatment allocation

l

l

l
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q q o QOL from
Major Determinants of Treatment efficacy to
Health Utility prevent ESKD unnecessary drug QOL from ESKD Ideal health state
toxicity
A B C D

Point of equipoise is when the benefit of treatment is equal to the benefit

of not being treated, ie. whenA+B=C+D
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47% of patients with proteinuria = 1g/day would not qualify for treatment
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