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Abstract

Objective

Endpoints currently used in lupus nephritis (LN) clinical trials lack uniformity and questionably reflect
long-term kidney survival. The objective of this investigation was to identify short-term endpoints
that predict long-term kidney outcomes for use in clinical trials.

Methods

A database of 944 LN patients was assembled from 3 clinical trials and 12 longitudinal cohorts.
Variables from the first 12 months of treatment after diagnosis of active LN (prediction period) were
assessed as potential predictors of long-term outcomes in a 36 month follow-up period. The long-
term outcomes examined were new or progressive chronic kidney disease (CKD), severe kidney
injury (SKI), and the need for permanent renal replacement therapy (RRT). Hazard Index Tools (HITs)
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to predict risk for each outcome were derived using multivariable analysis with Cox proportional
hazards regression.

Results

Among 550 eligible subjects 54 CKD, 55 SKI and 22 RRT events occurred. Variables in the final CKD
HIT were prediction period CKD status, 12-month proteinuria and12-month serum creatinine (SCr).
The SKI HIT included prediction period CKD status, ISN Class, 12-month proteinuria, 12-month SCr,
race and an interaction between ISN Class and 12-month proteinuria. The RRT HIT included age at
diagnosis, 12-month proteinuria and 12-month SCr. Each HIT validated well internally (c-indices 0.84-
0.92) and in an independent LN cohort (c-indices 0.83-0.92).

Conclusion

HITs, derived from short-term kidney responses to treatment correlate with long-term kidney
outcomes, and now must be validated as surrogate endpoints for LN clinical trials.

Introduction

Long-term preservation of kidney function is the goal in treating lupus nepbhritis (LN). In early
LN clinical trials, improved renal outcomes were demonstrated by differences in hard endpoints such
as doubling of serum creatinine concentration (SCr) or the development of end-stage kidney disease
(ESKD) that were assessed prospectively over several years (1-4). In contrast, contemporary clinical
trials are short, with 6-12 month complete and partial renal response endpoints (5, 6). There are
many reasons for this change in trial duration, including the high cost of large, multicenter efforts
and the challenges of retaining patients in a protocol over several years. Although all current
definitions of renal response include an assessment of kidney function (SCr or estimated GFR, eGFR),
proteinuria and urinalysis/urine sediment, no uniform response definition has been adopted, and
the individual components are all assigned equal predictive value (Supplemental Table 1). The
evolution of composite outcome measures to replace hard kidney endpoints reflects the practical
need for tools to assess renal response in shorter trials. However composite outcome measures
were often developed by expert opinion and consensus after review of available literature, leaving
considerable room for interpretation and modifications when applied to individual clinical trials (7,
8), resulting in the lack of a single standard definition for renal response. This makes it difficult to
compare results of LN trials or assess the efficacy of novel therapies. Furthermore, the evidence that
these composite short-term endpoints predict preserved long-term kidney function is not definitive.
The need for a consistent and validated endpoint for LN clinical trials is illustrated by the
demonstration that a negative LN trial can become a positive LN trial if different renal response

criteria are applied (6, 9). This study, in collaboration with the Kidney Health Initiative and the Lupus
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Nephritis Trials Network, was undertaken to identify short-term clinical trial endpoints that predict

risk of long-term adverse renal outcomes for use in future LN trials.

METHODS
Subjects

A database of 944 LN patients with extended, prospective follow-up from 12 international
investigator-initiated lupus cohorts and 3 randomized controlled LN clinical trials (Table 1) was
assembled. The investigator-initiated cohorts were not necessarily restricted to LN patients. The
investigators were asked specifically asked to provide longitudinal LN patient data that was then
entered into a uniform central database. Applicable data from the LN trials were also entered into
the database. This process yielded the initial 944 LN patients. LN was treated according to local
standards of care or per trial protocol. To avoid developing treatment-restricted endpoints we did
not stratify by therapy, but all patients were treated with corticosteroids, and most received

cyclophosphamide or MMF for induction.

After applying inclusion/exclusion criteria (Supplemental Figure 1) the sample size fell to 550 which
included 31 pediatric patients. Baseline demographics and clinical characteristics are shown in Table
2. These patients were followed between 1981 and 2016. Follow-up visits were required to be 0.9-18

months apart to mitigate potential bias from extreme variability in time between follow-ups.

To verify the prediction models, an independent validation cohort of 275 LN patients followed
prospectively and treated in accordance with local practices was analyzed (Table 2). These patients
were followed from 2008-2016. This validation cohort was from Mexico City and more than 98%
were of Hispanic ethnicity and Mestizo race, best characterized as having European, Native

American and African admixture.

Study Design

To identify short-term surrogate markers of long-term kidney outcomes, a prediction period was

defined as the interval between baseline and 1212 months. Clinical variables measured during this
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period were assessed individually and as part of multivariable prediction models. Baseline was
designated as the visit when the treating physician determined that a patient had active LN and
started induction therapy. Kidney outcomes were assessed during the follow-up period that began

immediately after the prediction period and ended at a maximum of 48 months from baseline.
Prediction Variables

Potential predictors of kidney outcomes included sex, age at study entry, race, ethnicity, absolute
values of proteinuria and SCr at baseline and 12 months, % proteinuria change from baseline to 12
months, presence or absence of urine RBCs (defined as =5 RBC/high-power-field) at baseline and 12
months, ISN/RPS Class, and the development or progression of chronic kidney disease (CKD) in the
prediction period. Although serologies like anti-dsDNA antibody and complement levels, and kidney
biopsy elements, such as tubulointerstitial disease have been implicated in outcomes, the potential
predictors evaluated in this study were restricted by available data. Race was operationalized as a
binary variable (Black versus others) to satisfy model assumptions and remain consistent with the
CKD-EPI equation which handles race similarly. Ethnicity was defined as Hispanic, non-Hispanic, or
not determined. Due to cohort-to-cohort variability in the measurement of proteinuria, total
protein, urine protein-to-creatinine ratio (UPCR) from a 24-hour urine collection, or a random spot
UPCR were all accepted as reflecting 24-hour proteinuria. Absolute values of SCr and proteinuria
were analyzed after natural log (log) transformation to satisfy model assumptions of linearity, and
expressed as log (value SCr) and log (value proteinuria). A 2-fold increase in 12-month proteinuria

corresponds to a change of approximately 0.693 on the natural log scale. Percent change for

measurement at 12 months

proteinuria was expressed as the log ( ). Development or progression of CKD

measurement at baseline

in the prediction period was defined by an increase in SCr 230+2% sustained over the remainder of
the prediction period leading to an eGFR <60 ml/min/1.73m?’. ISN Class was operationalized as a
binary covariate (Membranous vs Proliferative); subjects with class 5 or 2 & 5 were categorized as
membranous, subjects with Classes 3,4, 3 &5, 4 & 5, or unknown were categorized as proliferative

(the assumption being that those not biopsied were most likely to be proliferative).

Kidney Outcomes

New or progressive CKD, severe acute kidney injury (SKI), and the need for renal replacement
therapy (RRT) are recognized as outcomes that adversely impact renal and/or patient survival (10-
13). The training cohort was used to develop predictors of risk for developing one or more of these

poor outcomes in the follow-up period. Follow-up time was restricted to a maximum of 48 months
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from baseline to reduce potential bias from the substantial variability in follow-up time between

subjects in this cohort (range 34-268 months from baseline).

CKD was defined as a sustained decrease in eGFR, (CKD-EPI equation (11)), of at least 30+2% such

that:

o the minimum 28% decrease in eGFR in the follow-up period was measured in relation to
the highest eGFR reported in the 12-month prediction period and was sustained on a
consecutive follow-up visit occurring at least 3 months (0.5 months) later
e subjects requiring permanent RRT at any time during follow-up were included in the CKD
outcome, as it was assumed that a patient had to develop CKD prior to reaching RRT
e the sustained decrease in eGFR had to reach an absolute value <60 ml/min/1.73m?
A 30% sustained decline in eGFR was considered the minimal fall in eGFR to qualify as CKD, based on
a National Kidney Foundation and FDA workshop(14). The 2% variation was incorporated to allow
variability in assays. CKD status was identified by a computerized algorithm and verified for accuracy

through review of the raw data.

SKI was defined as an acute or sustained (no recovery) decline of 50% or more in eGFR in the follow-
up period relative to the highest eGFR observed in the prediction period. Similar to the rationale for
including RRT in the CKD outcome, all subjects who reached RRT during follow-up were also included

in the SKI outcome. SKI was not included in the CKD or RRT outcomes.

RRT was defined as the need for permanent hemodialysis or peritoneal dialysis, or having received a

kidney transplant at any time during follow-up (12-48 months).

Statistical Methods
Model Development

Descriptive statistics were calculated using proportions and frequencies for categorical variables and
means and standard deviations for continuous variables for the training cohort. Each outcome (CKD,
SKI, and RRT) was analyzed using standard methods of analysis for time to event data, such as
survival analysis. Specifically, time to the endpoint of interest was measured in months and
compared among categorical grouping variables via computation of the Kaplan-Meier product limit

curves and log-rank tests. In cases where the “event” of interest was not observed during the follow-
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up period, the number of months until last follow-up, up to a maximum of 36 months from end of

the prediction period, was used and the subject’s vital status was classified as censored.

Multivariable analysis was conducted using Cox proportional hazards regression to develop the three
Hazard Index Tools (HITs) from clinical data collected in the prediction period that could predict risk
for development of new or progressive CKD, SKI or need for RRT. Necessary model assumptions (e.g
multicollinearity, proportional hazards, etc.) were addressed. Backward elimination with a 5%
significance level was used to select final multivariable models. When applicable, appropriate data
transformations were applied. The Likelihood Ratio Test was used to compare nested models and
the Akaike’s information criterion (AIC) was used to compare non-nested models whereby the
candidate model with the lowest AIC was selected for each outcome. Results from these analyses
were used to develop the formulae for the HITs to predict each adverse renal outcome. Results

yielding a p-value<0.05 were considered statistically significant.
Model Validation

Internal validations of the predictive abilities for the CKD, SKI and RRT HITs were performed on the
training cohort using Harrell’s concordance index (c-index) (15), which measures discrimination, a
prediction tool’s ability to accurately rank subjects from high to low risk, and allows for the censoring
in time-to-event survival analyses. The c-index ranges from 0.5 (no discrimination) to 1.0 (perfect
discrimination) (16); a higher value indicates better discriminative ability. Corresponding 95%
confidence intervals (Cl) around the c-index for each prognostic model were estimated using 1,000

bootstrap resamples with replacement.

External validation of each final model was performed on an independent longitudinal LN cohort.
(Table 1). Discrimination of each final model in the validation sample was evaluated by computing
the c-index and corresponding 95% confidence intervals using 100 bootstrap resamples with

replacement.
Analyses were performed with SAS Version 9.4 STAT 14.2 (Cary, NC).

Results

Kidney Outcomes

Among 550 subjects eligible for analysis in the training cohort (Supplemental Figure 1), 54 CKD, 55
SKl and 22 RRT events were identified. The median times to CKD, SKI and RRT for the entire cohort
were not estimable based on the pattern of the censoring, event rate and follow-up. Times to events

were known for individual patients. Three years after the prediction period, the estimated
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proportion of subjects without: i) new or worsening CKD was 87.2% (95% Cl: 83.3% to 90.2%); ii) SKI
was 88.3% (95% Cl: 84.9% to 91.0%); or iii) RRT was 94.6% (95% Cl: 91.7% to 96.5%).

After backward elimination, urine RBC status at baseline and 12 months and ethnicity did not
significantly contribute to any of the risk models. The final multivariable Cox proportional hazards
regression model to predict CKD included proteinuria at 12 months, SCr at 12 months, and CKD
status in the prediction period. The parameters and hazard ratios of these predictors are shown in

Table 3 and the HIT formula to predict future CKD is given in Table 6.

Similarly, the final multivariable Cox proportional hazards regression model to predict SKl included
12-month proteinuria, 12-month SCr, and CKD status in the prediction period, as well as race and ISN
class, with an interaction term between ISN Class and 12-month proteinuria. The parameters and
hazard ratios of the predictors are shown in Table 4 and the HIT formula to predict SKl is given in
Table 6. These results demonstrate that the relationship between 12-month proteinuria and risk of
future SKl is contingent on ISN Class (p=0.0016). Overall, patients with proliferative LN always have a
greater risk of SKI than patients with membranous LN. The modeling is consistent with clinical and
histologic observations of patients with proliferative and pure membranous LN. The model shows
that in patients with proliferative LN a 1 unit increase in proteinuria (log scale) at 12 months
(approximately 2.72 g/d) confers an additional 1.62-fold increased hazard of SKI (95% Cl: 1.24, 2.09)
after co-variate adjustment. This is likely because acute kidney injury in proliferative LN is driven
mainly by intra-renal inflammation, and to a lesser extent by the level of proteinuria. In contrast, for
membranous patients there is a 7.76-fold greater hazard for each unit increase in 12-month
proteinuria (95% Cl: 3.02, 19.93) after covariate adjustment. These findings indicate the in
membranous LN the risk of developing SKI is more dependent on the level of proteinuria. This is
consistent with membranous LN being non-inflammatory and acute kidney injury occurring mainly

due to proteinuria-induced tubular damage.

Finally, the multivariable Cox proportional hazards regression model to predict RRT included
proteinuria at 12 months, SCr at 12 months, and age at study entry. The parameters and hazard
ratios of the predictors are shown in Table 5 and the HIT formula to predict RRT in LN patients is

given in Table 6.
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Validation

Each model was internally validated for predictive ability in the training cohort. The RRT model
yielded the greatest c-index of 0.92 (95% Cl: 0.88, 0.97), followed by the CKD model with a c-index of
0.88 (95% Cl: 0.84, 0.93) and the SKI model with a c-index of 0.84 (95% Cl: 0.79, 0.90).

External validation using an independent LN cohort verified the predictive ability of each model. In
the 275 subject validation cohort (Table 2) there were 56 CKD, 48 SKI and 6 RRT events within 36
months of entry. The RRT model again yielded the greatest c-index of 0.92 (95% Cl: 0.81, 0.99),
followed by the CKD and SKI models, both with a c-index of 0.89 (95% Cl: (0.83, 0.92) and (0.83,
0.94), respectively). Of note, the training and external validation cohorts were racially disparate

(Table 2). Despite differences in cohort composition, each model validated well.
Application of Hazard Index Tools to Lupus Nephritis

The proposed use of HITs to assess the effects of a new therapy on the risk for developing adverse
kidney outcomes is shown in Supplemental Figure 2. The proposed use of HITs to assess an
individual patient’s risk for adverse renal outcomes is shown in Supplemental Figure 3. The HIT
equations can also be used to determine sample size for specific kidney outcomes in trial design. An

example is shown in Supplemental Figure 4.

DISCUSSION

Using real-world LN cohorts and multicenter randomized clinical trials, we developed risk models to
predict future adverse kidney outcomes based on clinical data acquired during the first year of
therapy after diagnosis of active LN. These models predict risk for new or progressive CKD, severe
acute kidney injury, and the need for permanent RRT. The models validated well in the original
training cohort and in an independent, ethnically different LN cohort, suggesting applicability to LN
patients in general. Although novel LN therapies are currently evaluated by short-term, non-
standardized criteria (6), the goal of LN treatment is to preserve long-term kidney function and
prevent CKD, acute kidney failure, and need for RRT. We therefore suggest that modeling risk of
poor long-term kidney outcomes using demographic and clinical data from the first 12 months of
treatment may provide a superior way to assess new LN therapies compared to relying on short-

term, arbitrarily defined renal responses.

To apply these risk models to clinical trials, at 1 year the HITs for CKD, SKI and RRT would be used to

compute a risk score for each individual patient for each adverse outcome. Mean risk scores for the
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placebo and active treatment arms of a trial can be calculated for each renal outcome and compared
for significance using appropriate statistical tests. The risk of developing a future adverse renal
outcome is increased with a higher HIT score. In a successful trial the experimental treatment would
be expected to reduce the risk of an adverse renal outcome by a pre-specified percentage based on
clinical importance. The trial would be powered to achieve the pre-specified risk reduction using the

parameters for each HIT model given in Tables 2-4 to calculate sample size.

Of the three risk models, HIT-RRT is the best candidate for future validation as a surrogate clinical
trial endpoint because it directly measures an outcome that matters to patients (a patient-oriented
outcome). Because RRT events occur infrequently it may be reasonable to develop HIT-CKD as a
surrogate trial endpoint. CKD is a major risk factor for future need of RRT, so this outcome likely also
matters to patients. Until it can be shown that treatment effects on HIT-RRT or CKD reproducibly
predict treatment effects on the actual need for future RRT or development of CKD, these HITs can
only be considered as a reasonably likely surrogates (17). Although HIT-RRT and HIT-CKD cannot
determine absolute risk of RRT or CKD, the relative risk for placebo versus actively treated patients
can be estimated by computing the natural antilog of the difference in the mean HIT scores. To
consider a clinical trial successful, it will be necessary to pre-specify the level of RRT or CKD risk

improvement expected for a novel therapy.

All of the HIT equations can also be used in daily practice to estimate the probability of future CKD,
SKI or RRT for individual LN patients following 12 months of treatment for an LN flare. This
information could be useful when discussing prognosis with patients. Additionally, a proteinuria level
of 0.7-0.8 g/d after 12 months of treatment was recently identified as the best predictor of long-
term kidney survival compared to SCr and urine RBCs in a post hoc analysis of the ELNT and
MAINTAIN LN trials (18, 19). These results were verified in an independent, ethnically diverse LN
cohort (20). Similarly, proteinuria is a key component of all of our risk models, whereas urine RBCs
are not. However, SCr does contribute significantly to risk modeling in all three of our HITs, and Black
race, younger age and development of CKD in the prediction period are also significantly associated
with risk of poor outcomes. Nonwhite race has previously been identified as a risk factor for poor
outcome in LN (21, 22). Older age has also been associated with poor LN outcomes in adults (23, 24).
In our study a small, statistically significant protective effect of increased age on RRT risk was found,
however this effect was not considered clinically meaningful because the 95% confidence interval
around its hazard ratio was so close to 1.0. Additionally the small effect of age may reflect the

progressive increase in age at the time of LN diagnosis observed over the last several decades (25).
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Although the predictors in our models are not novel, it is reassuring that clinical tests we have used
to guide therapies do appear to be verified by our modeling. Our models are unique in that they
incorporate data on kidney function over the first year of induction therapy and have been shown to
significantly correlate with long-term outcome. Furthermore, the models provide a quantitative way
to predict future outcomes that can be applied to trials and clinical practice. This has not been done

before in a large multiethnic global cohort with validation in a large independent cohort.

This study has several limitations. Because data were mainly from real-world, investigator-initiated
LN cohorts, specific treatments, data collection and follow-up intervals were not standardized. This
led to exclusion of many patients, mainly for missing data, which could have biased the results.
Random spot UPCR was measured in place of 24-hour proteinuria in several individuals. To avoid
excluding even more patients, we used random spot UPCR to represent daily proteinuria despite
persisting questions surrounding its accuracy (26). Variability in length of follow-up also precluded
analysis beyond 48 months. Other variables that may have contributed to the HIT models, such as
urine cellular casts, complement levels, auto-antibody titers, biopsy histologic features (e.g. activity,
chronicity indices), blood pressure, and incident versus recurrent disease were not evaluated
because they were available for only a limited number of patients. In the training cohort race was
examined as black versus other, but the validation cohort was mainly Hispanic. Additional validation
in other racially diverse cohorts would be desirable. Nonetheless, the fact that all of the outcome
models validated well in spite of these differences in racial and ethnic composition speaks to the
robust nature of the models and suggests they are applicable to a general LN population. Finally, the
total number of adverse kidney outcomes, such as RRT was small, potentially affecting the reliability
of the models. While standardized data collected in a prospective registry may optimize risk model
development, such a registry does not yet exist. Our models were developed using the best currently

available, prospectively collected datasets.
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Tables

Table 1. Origin of the data sets used in this study

Cohort/Trial Name and Country of Origin

Contributing Investigators

Inception Cohort-Mexico

Jorge Sanchez Guerrero, Juanita Romero Diaz

Hopkins Lupus Cohort-United States

Michelle Petri

Ohio SLE Study-United States

Brad H. Rovin

Dallas UT Southwestern Lupus Cohort-United States

Cristina Arriens

Lupus Nephritis Collaborative Study Group-United
States

Edmund J. Lewis, Stephen M. Korbet!

Sapienza Lupus Cohort-Italy

Fabrizio Conti

Prague Lupus Cohort-Czech Republic

Vladimir Tesar, Zdenka Hruskova

University of Sao Paulo Lupus Cohort-Brazil

Eduardo F. Borba, Eloisa Bonfa

SickKids Lupus Cohort-Canada

Deborah Levy, Earl Silverman

Hong Kong Lupus Cohort-China

Daniel T. M. Chan

India Lupus Cohort-India

Manish Rathi, K. L. Gupta, Vivekanand Jha

National Institutes of Health-United States

Sarfaraz Hasni

Aspreva Lupus Management Study-Multinational

Neil Solomons

Euro-Lupus Nephritis Trial-Multinational

Frederic Houssiau

MAINTAIN Trial-Multinational

Frederic Houssiau

VALIDATION COHORT: Instituto Nacional de Ciencias
Medicas y Nutricion Salvador Zubiran Cohort-Mexico

Juan M. Mejia-Vilet

The Lupus Nephritis Collaborative Study Group included the following: Rush-Presbyterian-St. Luke’s Medical
Center, Chicago - E.J. Lewis, J.L. Roberts (deceased), M.M. Schwartz, R.A. Rodby, and H.L. Corwin; George
Washington University, Washington, D.C. - J.M. Lachin, S-P. Lan, P. Cleary; William Beaumont Hospital, Royal
Oak Mich. - J. Bernstein (deceased), H. Shapiro, and B.F. Rosenberg; Cleveland Clinic, Cleveland - M.A. Pohl, J.
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Clough, and G. Gephardt; University of Colorado, Denver - T. Berl; Henry Ford Hospital, Detroit - N. Levin;

University of lowa, lowa City - L.G. Hunsicker, S. Bonsib; Evanston Hospital, Evanston, lll. - N. Simon and H.

Friederici; Northwestern University, Chicago - F. del Greco and F.A. Carone (deceased); Ohio State University,
Columbus - L. Hebert and H.M. Sharma; University of Pennsylvania, Philadelphia - E. Nielson and J.

Tomazewski; Tufts - New England Medical Center, Boston - A. Levey and A. Ucci; Medical College of Wisconsin,
Milwaukee - J. Lemann (deceased), S.S. Blumenthal, and J. Garancis; New York Medical College, Valhalla - K.
Shapiro and P. Chander; West Virginia University, Morgantown - F. Whittier, J.W. Graves, J. Bathon, and R.
Riley. Pathology Committee: M.M. Schwartz (Chairman) Rush-Presbyterian-St. Luke’s Medical Center, Chicago,
IL; J. Bernstein (deceased), William Beaumont Hospital, Royal Oak, Ml (deceased); G.H. Hill (deceased), Francis
Scott Key Medical Institution, a Johns Hopkins Medical Institution, Baltimore, MD; K. Holley, Mayo Clinic,

Rochester, Ml.

Table 2. Demographics and Baseline Clinical Data for the Training and Validation Cohorts

Attribute

Training Cohort (n=550)

Validation Cohort (n=275)

Female

484 (88.0%)"

244 (88.7%)

Age, in years, (Mean SD) 33.2+12.1 30.219.6
White 283 (51.5%) 4 (1.5%)
Black 85 (15.5%) 0 (0%)
Asian 132 (24.0%) 0 (0%)
Race-Other 50 (9.1%) 271 (98.5%)
Hispanic 96 (17.5%) 274 (99.6%)

Non-Hispanic 324 (58.9%) 1(0.4%)
Ethnicity not determined 130 (23.6%) 0 (0%)
ISN/RPS’ Class 2+5 5(0.9%) 0 (0%)
ISN/RPS Class 3 85 (15.5%) 17 (6.2%)
ISN/RPS Class 345 20 (3.6%) 59 (21.5%)
ISN/RPS Class 4 306 (55.6%) 47 (17.1%)
ISN/RPS Class 4+5 34 (6.2%) 123 (44.7%)
ISN/RPS Class 5 82 (14.9%) 29 (10.5%)

Biopsy class not determined

18 (3.3%)

0 (0%)

Urine RBC® (25/hpf4) at baseline and 12 months

128 (23.3%)

91 (33.1%)
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Urine RBC (<5/hpf) at baseline and 12 months

104 (18.9%)

63 (22.9%)

Urine RBC (25/hpf) at only one visit

181 (32.9%)

121 (44.0%)

Urine RBC not evaluated at one or both visits

137 (24.9%)

0 (0%)

Duration of follow-up, in months (median(IQR))

42.0(36.0-48.8)

52.0(36.0-72.0)

Serum creatinine (mg/dl) at baseline (Median (IQR))

1.0 (0.8-1.3)

1.0 (0.7-1.6)

eGFR® (ml/min/1.73 mz)1 at baseline (median(IQR))

81.5(54.1-110.3)

83.3 (45.2-117.6)

Proteinuria (g/d)at baseline (median(IQR))

3.0(1.6-5.5)

3.4 (2.1-5.8)

Serum creatinine (mg/dl) at 12 months (median(IQR))

0.8 (0.7-1.0)

0.8 (0.6-1.1)

eGFR (ml/min/1.73 mz)1 at 12 months (median(IQR))

95.6 (74.5-117.3)

104.8 (70.5-122.2)

Proteinuria (g/d) at 12 months (median(IQR))

0.5(0.1-1.3)

0.6 (0.2-2.0)

Unless otherwise state all data presented as N (%); ’International Society of Nephrology/Renal Pathology Society; *Red

blood cells; 4High power field; >Estimated glomerular filtration rate

Table 3. Final multivariable Cox regression model for predicting chronic kidney disease in the lupus

nephritis training cohort (n=550)

Factor Parameter | Standard p Hazard 95% Cl
Estimate Error Ratio
log" proteinuria at 12 0.4323 0.115 0.0002 | 1.54 1.23,1.93
months?
log SCr at 12 months 2.180° 0.304 <0.0001 | 8.84 4.88, 16.03
CKD status in prediction 1.451* 0.415 0.0005 | 4.27 1.89,9.63
period (Yes vs No)

IA 1-unit increase on the natural logarithmic (log) scale equates to an approximate 2.72-fold increase on the raw scale

’A “start” of 0.01 was added to the proteinuria value to avoid taking logarithm of a zero value

3Parameter estimate reflects the magnitude of risk change per unit change in the predictor on the log scale
*Parameter estimate reflects the magnitude of risk change for a subject who acquired CKD in prediction period compared

to one who did not
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Table 4. Final multivariable Cox regression model for predicting severe kidney injury in the lupus

nephritis training cohort (n=550)

Factor Parameter | Standard p Hazard 95% ClI
Estimate Error Ratio
log* proteinuria at 12 2.05° 0.481 <0.0001 | Refer to interaction term
months’ below
ISN Class Refer to interaction term
Proliferative vs 2.307° 0.837 0.0059 | below
Membranous®
log SCr at 12 months 1.457° 0.303 <0.0001 | 4.29 2.37,7.77
CKD status in prediction 1.485° 0.423 0.0005 | 4.41 1.93,10.12

period (Yes vs no)

Black race 0.648° 0.308 0.0354 | 1.912 1.05, 3.50

Interaction Term: ISN Class

x log proteinuria at 12

months 0.0016
Membranous® 2.049° 0.481 7.76 3.02,19.93
Proliferative® 0.477° 0.132 1.61 1.24,2.09

’A 1-unit increase on the natural logarithmic (log) scale equates to an approximate 2.72-fold increase on the raw scale
%A “start” of 0.01 was added to the proteinuria value to avoid taking log of a zero value

3Parameter estimate reflects the magnitude of risk change per unit change in the predictor on the log scale

“Mixed proliferative and membranous LN were included in as proliferative, along with cases without a biopsy
*Parameter estimate reflects the magnitude of risk change for a subject in one category compared to the reference
category ®Hazard Ratios for each 1-unit increase in the log proteinuria (at 12 months), are presented at specific ISN Class
designations

This article is protected by copyright. All rights reserved.



Table 5. Final multivariable Cox regression model for predicting the need for renal replacement

therapy in the lupus nepbhritis training cohort (n=550)

Factor Parameter | Standard p Hazard 95% ClI
Estimate’ Error Ratio
log” proteinuria at 12 0.717 0.212 0.0007 | 2.05 1.35,3.10
months®
log SCr at 12 months 2.318 0.369 <0.0001 | 10.16 | 4.92,20.95
Age at study entry -0.059 0.022 0.0070 | 0.94 0.90, 0.98

! Parameter estimates reflect the magnitude of risk change per unit change in the predictor on the log scale
%A 1-unit increase on the natural logarithmic (log) scale equates to an approximate 2.72-fold increase on the raw scale
®A “start” of 0.01 was added to the proteinuria value to avoid taking log of a zero value

Table 6. Risk Models for Adverse Kidney Outcomes

Hazard Index for CKD; = 0.43231*X; + 2.17960*X, + 1.45107*X;
Where: i represents the i subject in the data set, and for each subject:
e X, =log" (proteinuria at 12 months + 0.01)?
e X, =logSCrat 12 months

e X;=1ifreached CKD in prediction period; 0 if otherwise

Hazard Index for SKI; = 2.04929*X, + 1.45709*X, + 0.64806*X; + 1.48460*X, + 2.30656*X;—
1.57160*X;*X,

Where: i represents the i subject in the data set, and for each subject:
e X, =log (proteinuria at 12 months + 0.01)
e X, =logSCrat 12 months
e X;=1if Black; O if Other
e X, =1ifreached CKD in prediction period; 0 if otherwise

e Xs=1if ISN Class is Membranous (5 or 2&5); 0 if otherwise
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Hazard Index for RRT; = 0.71703*X; + 2.31807*X, — 0.05865*X;
Where: i represents the i subject in the data set, and for each subject:
e X, =log (proteinuria at 12 months + 0.01)
e X, =log SCrat 12 months
e X3 =Age (in years) at study entry

1Log represents natural logarithm
%A “start” of 0.01 was added to the proteinuria value to avoid taking log of a zero value
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