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Abstract
IgA nephropathy (IgAN) is an important cause of ESKD for which there are no approved therapies. A challenge for
evaluating treatments for IgAN is the usual long time course for progression to ESKD. The aim of this Kidney Health
Initiative project was to identify surrogate end points that could serve as reliable predictors of a treatment’s effect on
long-term kidney outcomes in IgAN and be used as a basis for approval. Proteinuria was identified as the most widely
recognized and well studied risk factor for progression to ESKD in IgAN. The workgroup performed a critical review
of the data on proteinuria reduction as a surrogate end point for a treatment’s effect on progression to ESKD in IgAN.
Epidemiologic data indicate a strong and consistent relationship between the level and duration of proteinuria and
loss of kidney function. Trial-level analyses of data from 13 controlled trials also show an association between
treatment effects on percent reduction of proteinuria and treatment effects on a composite of time to doubling of
serum creatinine, ESKD, or death. We conclude that data support the use of proteinuria reduction as a reasonably
likely surrogate end point for a treatment’s effect on progression to ESKD in IgAN. In the United States, reasonably
likely surrogate end points can be used as a basis for accelerated approval of therapies intended to treat serious or
life-threatening conditions, such as IgAN. The clinical benefit of products approved under this program would
need to be verified in a postmarketing confirmatory trial.
Clin J Am Soc Nephrol 14: ccc–ccc, 2019. doi: https://doi.org/10.2215/CJN.08600718

Introduction
IgA nephropathy (IgAN) is the most common form of
GN in the world and an important cause of ESKD.
Despite advances in our understanding of the pathogenesis of IgAN, there has been little progress in its
treatment with no licensed or approved therapies. One
of the key challenges in the evaluation of treatments for
IgAN is its usually slowly progressive nature, with
ESKD typically only developing after many years.
Although a signiﬁcant loss of kidney function has
been accepted as a surrogate end point for progression
to ESKD, clinical trials in CKD may still need to be
relatively large and long to demonstrate a treatment
effect on that end point. Hence, there has been interest in
earlier end points that could serve as reliable predictors
of a treatment’s effect on long-term kidney outcomes in
IgAN.
In March of 2016, the Kidney Health Initiative, a
public-private partnership between the American
Society of Nephrology and the US Food and Drug
Administration (FDA) (1), initiated a project to identify end points that could be used as a basis for IgAN
therapy approval. To date, the most widely recognized and well studied risk factor for progression to
ESKD in patients with IgAN is proteinuria. Although
other biomarkers have been studied, none were
considered to have been as consistently associated
with adverse clinical outcomes in IgAN as sustained
proteinuria. This led the workgroup to focus on
whether there were sufﬁcient data to support the
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use of proteinuria reduction as a surrogate end point
for a treatment’s effect on progression to ESKD in
patients with IgAN.

Surrogate End Points and United States Approval
Pathways
Surrogate end points have been widely used to
establish the effectiveness of therapies to slow the
progression of kidney disease and treat its complications (e.g., a doubling of serum creatinine as a basis for
approval of therapies intended to slow progression to
ESKD [2]).
As indicated in the Biomarkers, EndpointS, and
other Tools (BEST) Resource (3), surrogate end points
are used in clinical trials as a substitute for a direct
measure of how a patient feels, functions, or survives;
they do not measure the clinical beneﬁt of primary
interest but are expected to predict that clinical
beneﬁt. In the United States, validated surrogate
end points can be used as a basis for traditional
approval of therapies, whereas “reasonably likely”
surrogate end points can be used as a basis for
accelerated approval of therapies intended to treat a
serious or life-threatening condition such as IgAN (4).
Just as the name implies, the accelerated approval
program enables approval of a therapy earlier in its
development pathway than traditional approval.
However, because there is still some uncertainty
about the efﬁcacy on a clinical end point of products
Copyright © 2019 by the American Society of Nephrology
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granted approval under this program, a postmarketing
trial is typically required to verify the clinical beneﬁt. Of
note, the accelerated approval program is the only pathway
in the United States that provides the FDA the mechanism
to resolve issues related to effectiveness (i.e., verify the
beneﬁt) in the postmarketing setting.

Evidentiary Considerations Related to Surrogate
End Points
From a drug development perspective, it is important to
distinguish between “surrogate end points” and biomarkers. A biomarker is a deﬁned characteristic that is
measured as an indicator of normal biologic processes,
pathogenic processes, or responses to an exposure or
intervention, including therapeutic interventions (3,5).
For example, biomarkers may be used in drug development to enrich a trial population with patients who are
more likely to progress to an outcome of interest over the
course of a trial or select a population that is more likely to
respond to a particular intervention. Of note, biomarkers
that perform well in identifying patients at risk of a
particular outcome may not perform well when used
as a surrogate end point to predict the effect of an
intervention on that same clinical outcome in a trial. This
can happen for a number of reasons—sometimes the biomarker is not on the causal pathway; drugs can also have offtarget adverse effects that work through pathways that are
independent of the biomarker. For further discussion of this
issue and examples, see the referenced review (6).
The BEST glossary classiﬁes surrogate end points as
“validated,” “reasonably likely,” and “candidate” surrogate end points, on the basis of their level of clinical
validation. Factors that are considered when assessing
whether a surrogate end point is a validated surrogate end
point include (1) the biologic plausibility of the relationship
between the surrogate end point and clinical outcome of
interest, (2) the strength and consistency of the epidemiologic data supporting the relationship, and (3) whether
treatment effects on the surrogate end point have been
shown to predict treatment effects on the clinical outcome
of interest using different types of interventions. The
evidence supporting a reasonably likely surrogate end
point falls short of that needed to support its use as a validated
surrogate end point and may include epidemiologic, therapeutic, pathophysiologic, or other evidence. General factors
that should be considered when assessing whether a surrogate end point is reasonably likely to predict a meaningful
clinical beneﬁt are addressed in the FDA’s Guidance for
Industry titled Expedited Programs for Serious Conditions—
Drugs and Biologics (7). As noted in that guidance, an
important consideration is how well a disease process is
understood, and whether the disease process is complex and/
or multiple causal pathways are thought to exist. In general,
it can be difﬁcult to determine whether an effect on a surrogate
end point will translate into a clinical beneﬁt when a disease
process is complex and/or poorly understood.

Identifying Patients at High Risk of Progression
It is well recognized that the severity and course of
disease vary considerably among patients with IgAN (8,9).

Whereas some patients have an indolent disease with an
excellent prognosis with supportive therapy alone, others
experience loss of kidney function over years, and a
minority may suffer a rapid progression to ESKD over
weeks or months. When evaluating the effect of therapeutic
interventions in IgAN, it is important that clinical trials
enrich the study population with patients at greater risk of
disease progression. It is also important to recognize risk
factors of progression in interpreting and comparing the
results of past clinical studies, on the basis of the patient
populations they have included.
To date, the most well studied and consistent clinical risk
factors of progression of IgAN are histopathology, decreased GFR, sustained proteinuria, and hypertension. Of
these factors, decreased GFR and sustained proteinuria are
most commonly used to enrich trials for patients at high
risk of progression. Other risk factors for disease progression in IgAN include genetic and demographic factors,
such as race and ethnicity, and laboratory ﬁndings.
Patients with decreased GFR at diagnosis of IgAN (e.g.,
eGFR,60 ml/min per 1.73 m2) are at higher risk of
progression to ESKD (10,11). Although patients with severe
kidney dysfunction (e.g., eGFR,30 ml/min per 1.73 m2) are
at greatest risk of reaching ESKD, these patients have
usually been excluded from clinical trials because of
concern that the disease is too advanced to respond to
immune-modulating therapy or that the risks of therapy may
outweigh the potential beneﬁts. In general, when selecting
criteria for enrollment, it is important to consider patients for
whom a drug may provide beneﬁt on the basis of its
mechanism of action and targeted effect. For example,
somewhat different patient populations may beneﬁt from
treatments targeting inﬂammation versus those targeting
ﬁbrosis. Histopathology ﬁndings have also been incorporated in the patient selection criteria of some more recent
clinical trials (e.g., clinicaltrials.gov identiﬁer: NCT02808429,
NCT02062684), reﬂecting the recent advances made in understanding histologic predictors of progression (12–16).
However, when the interval between the biopsy and enrollment is long or treatment has been used, histopathology
ﬁndings may well have changed and may no longer be
reliable indicators of the level of disease “activity” at the time
of trial enrollment (with the possible exception of exclusionary criteria on the basis of irreversible glomerular sclerosis or
tubule-interstitial scarring). Overall, of the main risk factors
of progression identiﬁed to date, the presence of signiﬁcant
proteinuria, especially if it is persistent despite antihypertensive and renin-angiotensin system blockade, is the most
commonly used inclusion criterion for clinical trials in IgAN.
The rationale for this is elaborated in the subsequent section.

Rationale for Focusing on Proteinuria as a Surrogate
End Point
At the start of the project, the workgroup considered a
number of candidate surrogate end points for clinical trials
in IgAN, including proteinuria, biopsy ﬁndings, and other
urine and serum biomarkers that are under active investigation in IgAN. Therapies for IgAN may be expected
to result in the resolution of histopathologic signs of
ongoing “active” GN (e.g., mesangial hypercellularity,
endocapillary proliferation, glomerular crescents).

Baseline Characteristics
Study

Bartosik
et al. (35)

N

298

Outcome

Rate of creatinine
clearance
decrease

Follow-Up
(yr)

6

Change in Proteinuria Signiﬁcantly Associated with Outcome

Proteinuria, g/d

eGFR, ml/min
per 1.73 m2

65% white, 3%
black, 17%
Asian, 15%
other

2.362.3

76635

Race/
Ethnicity

Measure of Proteinuria

Unadjusted/
Univariable
Analysis

Adjusted/
Multivariable
Analysis

Proteinuria/24 h

Yes

Yes

Proteinuria/24 h, slope
of urine protein over
prior year
Proteinuria/24 h, slope
of urine protein over
prior year
Proteinuria/24 h. TA-P:
average of the mean
of every 6-mo
measurements

Yes

Yes

Yes

Yes

Yes

Yes

91

ESKD

Median 5.8

ND

ND

ND

Donadio et al.
(44), IgAN 2

63

ESKD

Median 1.6

ND

ND

ND

Reich et al. (29)

542

Rate of creatinine
clearance
decrease

Mean 6.5 SD
4.9, range
1–26.3

50% white, 3%
black, 23%
Asian, 10%
other, 14%
unknown

2.3762.5

77633

Berthoux
et al. (45)

332

Death or dialysis

Mean 12.9 SD
9.5, median
11.3, range
0.01–56.0

White (North
African
patients
were
excluded)

0.9761.44

74.7628.3

Protein/24 h. Reduction
of proteinuria
deﬁned as
proteinuria,1 g/d
after .2 yr of FU

Yes

Yes

Le et al. (30)

1155

ESKD

Median 5.4
IQR 4.1–7.2

Chinese

0.89 (IQR 0.51–1.59)

89633

Yes

Yes

Tesar et al. (32)

1147

Rate of kidney
function decline
and/or ESKD

Median 4.7
IQR 2.4–7.9
Minimum 1

Majority white

1.3 (IQR 0.6–2.6)

73630

TA-P.1 or 0.5–1.0 or
,0.5 g/d TA-P: area
under the curve of
proteinuria during
follow-up divided by
the years of total
follow-up
Proportion of
individuals with an
initial proteinuria .1
g/d that achieved
proteinuria,1 g/d
during follow-up.
Proteinuria changes
before, during, and
after therapy

Yes

Yes (propensity
score matched)

MAP during follow-up,
proteinuria at baseline,
proteinuria during
follow-up (Lee
classiﬁcation)
Urine protein (1-yr
measurement and slope);
SCr (1-yr measurement
and slope), hypertension
at 1 yr and glomerular
score at biopsy
Proteinuria (baseline and
during follow-up), MAP
(baseline and during
follow-up), average
number of BP
medications during
follow-up, exposure to
RAS blockade
Hypertension,
proteinuria$1 g/d, and
global optical score of
$8, ARR scoring
(number of these
simpliﬁed dichotomous
risk factors present at
diagnosis)
TA-P, time-average
microscopic hematuria,
eGFR at biopsy and
TA-MAP

Propensity score on the
basis of: age, sex, eGFR,
proteinuria, any
immunosuppression
before the biopsy,
pathology ﬁndings, TA-P,
TA-BP, time-average
number of BP medications,
proportion of the followup under RAS blockade,
use of ﬁsh oil.

MAP, mean arterial pressure; IgAN, IgA nephropathy; ND, not done; SCr, serum creatinine; TA-P, time average proteinuria; RAS, renin angiotensin system; FU, follow-up; ARR score, absolute
kidney risk score on the basis of the presence of hypertension, proteinuria, and severity of histologic changes; IQR, interquartile range; TA-MAP, time-average mean arterial pressure; TA-BP, time
average blood pressure.
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Donadio et al.
(44), IgAN 1

Variables Included in
Adjusted Analysis
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Table 1. Summary data on the association of proteinuria reduction with long-term kidney and patient outcomes from cohort studies of patients with IgAN

3

4

Change in Proteinuria Signiﬁcantly Associated with
Outcome

Baseline Characteristics
Study

N

Primary Outcome

Follow-Up (yr)
Race/Ethnicity

Proteinuria g/d

eGFR ml/min
per 1.73 m2

Increase $50% in
serum creatinine

Mean 6.4,
median 6.8

97% white

Fish oil 2.5561.71,
placebo 3.2263.21

73

Slope in serum
creatinine

Minimum 2

92% white

Low-dose ﬁsh oil 1.79
(0.76, 2.57), high-dose
ﬁsh oil 1.52 (0.70, 3.60)

Katafuchi
et al. (48)

90

Mean 5.4

Asian (Japan)

Steroid 2.262, control
1.160.9

Maes et al. (49)

34

All for 3 yr

.90% white

MMF 1.960.3, placebo
1.360.4

Frisch et al. (50)

32

Change in urine
protein excretion
from baseline
Decrease $25% in
inulin clearance
during the 3-yr
treatment period
50% increase in
baseline serum
creatinine
Time to doubling of
baseline serum
creatinine level or
ESKD
50% increase in serum
creatinine

Mean 1.3, range
0.1–2.5

72% white, 16%
Asian, 12%
Hispanic
Chinese (Hong
Kong)

MMF 2.761.6,
placebo2.761.4
Placebo 2.361.7,
valsartan 1.861.2

Creatinine clearance
MMF 57628.6,
placebo 75642.3
Placebo 87636, valsartan
87636

Mean 2.3, SD 0.6,
range 1.3–4

Chinese

Cilazapril 2.060.8,
cilazapril and steroid
2.560.9

MDRD cilazapril 101.5,
cilazapril and steroid
101.2

Combination of
doubling of baseline
serum creatinine or
ESKD
ESKD and doubling of
serum creatinine

Median 5,
range 3–9

ND (Italian study)

Ramipril 1.5 (1.4–2.3),
prednisolone and
ramipril 1.7 (1.2–2.5)

MDRD ramipril 97.56
27.7, prednisolone and
ramipril 100.4626.1

6 yr for all
participants

100% Chinese

MMF 1.860.21, control
1.8760.28

MMF 52.564.40, control
50.064.51

50% increase in serum
creatinine

Median 4.9, IQR
3.0–6.4

Does not state, 27
Swiss and Italian
nephrology
centers

2.0 (IQR 1.5–3.0)

MDRD 66 (48–87)

Donadio
et al. (46)

106

Donadio
et al. (47)

Li et al. (43)

109

Lv et al. (37)

63

Manno et al. (51)

97

Tang et al. (52)

40

Pozzi et al. (53)

207

All for 2 yr

Creatinine clearance ﬁsh
oil 82630, placebo
81627
Serum creatinine lowdose ﬁsh oil 2.1 (0.7),
high-dose ﬁsh oil
2.3 (0.7)
Creatinine clearance
steroid 90.8627.3,
control 90.5626.1
Inulin clearance MMF
7365, placebo 6967

Measure of
Proteinuria

Variables Included
in Adjusted
Analysis

Unadjusted/
Univariable
Analysis

Adjusted/
Multivariable
Analysis

Proteinuria/24 h

ND

ND

Proteinuria/24 h

ND

ND

UPCR

No

ND

Proteinuria/24 h

ND

ND

Proteinuria/24 h

No

ND

Proteinuria/24 h

Yes

Yes

Average BP,
treatment,
proteinuria

Proteinuria/24 h TA-P
was deﬁned as the
average of the mean
of every 6-mo period
of proteinuria
measurements
Proteinuria/24 h

Yes

Yes

“Sex, age, kidney
function,
hypertension,
proteinuria, TAMAP, TA-P, and
treatment”

Yes during the
ﬁrst 2 yr of
follow-up

ND

Yes

Yes

“Age, gender, BP,
and histologic
score”

Yes

Yes

Age, sex, systolic
BP,
antihypertensive
medications,
RAS blocker,
complete
remission of
proteinuria,
treatment group

Proteinuria/24 h and
ACR changes from
baseline to each time
point
24 h collection.
“Proteinuria over
time.” Absolute
reduction.
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Table 2. Summary data on the association of proteinuria reduction with long-term kidney and patient outcomes from randomized clinical trials in IgA nephropathy

Change in Proteinuria Signiﬁcantly Associated with
Outcome

Baseline Characteristics
Study

N

Primary Outcome

Follow-Up (yr)
Race/Ethnicity

Pozzi et al. (54)

Proteinuria g/d

eGFR ml/min
per 1.73 m2

50% increase in plasma
creatinine from
baseline

Median 4.5, IQR
2.9–6.1

Does not state

2.4 (IQR 1.5–3.8)

MDRD 25 (20–31), C-G 34
(25–41)

Rauen et al.
(STOPIgAN) (39)

162

0.5 yr run-in 3-yr
for trial

Does not state, 32
German
nephrology
centers

Supportive 1.660.7 g/d,
supportive plus
immunosuppression
1.860.8 g/d

EPI supportive 57.46
24.9, supportive plus
immunosuppression
61.1629.0

Lv et al. 2017
(TESTING)
(40)

262

UPCR,0.2 g/g and
decrease in EPI
eGFR of ,5 ml/min
per 1.73 m2 from
baseline eGFR,
decrease in the EPI
eGFR of at least 15
ml/min per 1.73 m2
from baseline eGFR
40% decrease in eGFR,
ESKD, and death
due to kidney
failure

Median 2.1 yr, no
IQR stated for
whole study

95.8% Chinese,
3.1% white,
1.1% Southeast
Asian

Methylprednisolone
2.5562.45, placebo
2.2361.11

EPI methylprednisolone
60.0624.8, placebo
58.6625.2

Proteinuria/24 h.
Absolute reduction
from baseline, 6 mo,
12 mo, then yearly to
end of follow-up
Proteinuria/24 h during
the run-in phase,
switch to UPCR
during the
randomized,
controlled trial phase

Proteinuria reduction
(TA-P). Proteinuria
remission deﬁned as
,200 mg/24 h and
partial proteinuria
remission deﬁned as
,50% of baseline
and ,1 g/24 h.

Unadjusted/
Univariable
Analysis

Adjusted/
Multivariable
Analysis

Variables Included
in Adjusted
Analysis

Yes

Yes

Sex, proteinuria,
antihypertensive
medications,
RAS blocker,
treatment group

ND

No (RCT)

Yes (RCT)

No (RCT)

ND, not done; UPCR, urine protein-to-creatinine ratio; MMF, mycophenolate mofetil; MDRD, modiﬁcation of diet in renal disease equation for estimating GFR; TA-P, time average proteinuria;
TA-MAP, time-average mean arterial pressure; ACR, albumin-to-creatinine ratio; IQR, interquartile range; C-G, Cockroft-Gault equation for estimating creatinine clearance; RAS, renin
angiotensin system; STOP-IgA, STOP-IgAN trial; EPI, epidemiology collaboration (CKD-EPI) equation for estimating GFR; RCT, randomized, controlled trial.
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Measure of
Proteinuria
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Table 2. (Continued)

5

6
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Treatment effect on clinical outcome

Although small studies of repeat kidney biopsy specimens
suggest that “active” lesions in IgAN may change with
therapy (17–20), the association between short-term pathologic changes and long-term kidney survival is not well
established. Hence, the workgroup did not think the
available evidence was sufﬁcient to support the use of
changes in histopathologic ﬁndings from repeat kidney
biopsy specimens as a surrogate end point in registration
trials in IgAN. Further work is needed to determine the
speciﬁc histopathologic changes that could be used to
evaluate efﬁcacy in such trials.
A number of novel urine and serum biomarkers have been
suggested to reﬂect progression of kidney disease in IgAN.
Examples include urinary chemokine CXCL1 (12); monocyte
chemoattractant protein-1 and EGF (21); serum galactosedeﬁcient IgA, TNF receptors 1 and 2 (22); and complement
factor C3 (23–25). However, to date, evidence that changes in
these biomarkers track with clinical measures of disease
activity and/or response to therapy is weak and/or nonexistent. Indeed, in many studies, these biomarkers did not
appear to add information about the risk of disease progression beyond that provided by proteinuria.
Given these data, the workgroup decided to focus on the
evidence supporting proteinuria as a surrogate end point in
clinical trials of IgAN. The sections that follow address the
biologic plausibility that proteinuria is on the causal
pathway to ESKD in IgAN, data from registries and

4
3

observational studies on the association between proteinuria and kidney outcomes, and data from intervention
trials on the relationship between treatment effects on
proteinuria and treatment effects on outcomes.

Evidence Supporting Proteinuria as a Causal Factor in
Disease Progression
Experimental data derived from in vitro studies indicate
that proteinuria directly contributes to kidney injury and to
the decline in kidney function across chronic proteinuric
nephropathies (26). Urinary proteins from patients with
nephrotic syndrome induce inﬂammatory and cytotoxic
responses in tubular epithelial cells in vitro and this is
thought to contribute to interstitial ﬁbrosis (27). Furthermore, kidney tubulo-interstitial tissue from patients with
IgAN can be distinguished from control tissue on the basis
of the expression of in vitro–derived albumin-regulated
genes (28). There also appears to be a proteinuria “dose”
effect within IgAN (29,30). Although such data support the
concept that proteinuria is damaging to the kidney, it has
been difﬁcult to reconcile the association of low levels of
sustained proteinuria with loss of kidney function in
patients with IgAN with the ﬁnding that similar low levels
of proteinuria do not appear to be associated with loss of
kidney function in other glomerular diseases (31). This
difference suggests that factors other than level of

R2 = 0.91 (0.47–1.0)
Slope = 2.15 (0.10–4.23)

2
1

Locatelli 2

Locatelli 3

D(dose)

MMF

0.5

Praga
HKVIN

0.25
Steroid
D(plc)

0.1
0.05
0.3

0.4

0.5
0.65
0.85 1
Treatment effect on proteinuria

1.2

1.5

1.8

Figure 1. | Trial-level assessment of the validity of proteinuria as a surrogate end point. Circles are the observed treatment effects on the clinical
outcome (vertical axis) and change in urine protein (horizontal axis) for each study or study group. The sizes of the circles are the inverse to the
SEM of the treatment effect on the clinical end point, which is related to the number of events of interest. Colors indicate intervention. Red, reninangiotensin system blockade; yellow, fish oil; green, immunosuppression; purple, steroids. Treatment effects on the clinical outcome are
expressed as hazard ratios. Treatment effect on urine protein was computed as change in log urine protein (follow-up2baseline) in the treatment
versus control groups. The treatment effect estimate was exponentiated to obtain the geometric mean ratio of the change in urine protein for the
treatment versus control arm. A number ,1 indicates a larger reduction in proteinuria in the treatment than in the control group. The brown
regression line is the regression line from the Bayesian analyses summarizing the prediction of the true treatment effects on the clinical outcome
from the true treatment effects on change in urine protein. Gray lines indicate the confidence band around the regression line. Overall, the slope is
2.15 with a 95% Bayesian credible interval range from 0.10 to 4.32 with R2 of 0.91, 95% Bayesian credible interval range from 0.47 to 1.0,
indicating that for a given treatment effect on urine protein excretion, the treatment effect on the clinical outcome is expected to be double the
treatment effect on urine protein excretion when the respective treatment effects are expressed on the log hazard ratio and log geometric mean
scales. The Bayesian credible interval around the slope was wide but did not cross zero, suggesting that there is a significant positive relationship
between treatment effects on urine protein and on the clinical end point. D(dose), Donadio (dose); D(plc), Donadio (placebo); HKVIN,
Hong Kong Study Using Valsartan in IgA Nephropathy; MMF, mycophenolate mofetil. Reprinted from ref. 38, with pending permission.
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proteinuria alone play a role. Although not evidence of
causality, such in vitro data provide a possible explanation for the observed differences among various
glomerulopathies in the relationship between level of
proteinuria and loss of kidney function. Data from
intervention trials, discussed below, also indicate that
treatment effects on proteinuria correlate with effects on
loss of GFR, providing further support for a possible
causal relationship.

7

Epidemiologic Associations
Seven registry studies (n=3628) from across diverse
regions, including North America (29), Europe (32,33),
and Asia (30), have shown a signiﬁcant association between changes in proteinuria and kidney outcome in
univariable and multivariable analyses (Table 1). An independent association between baseline proteinuria and
the risk of loss of GFR has been reported in some (34), but
not other, studies (29,35). However, the association

A
Treatment effect on clinical outcome

4
3
2
1

Locatelli

Locatelli

3

2

MMF

STOP

0.5

TESTING

D(dose)

Praga
HKVIN

0.25
Steroid
D(plc)

0.1

R2 = 0.84 (0.18, 0.99)
Slope = 1.24 (–0.31, 3.00)

0.05

0.3

0.4

0.5
0.65
0.85 1
Treatment effect on proteinuria

1.2

1.5

1.8

B
Treatment effect on clinical outcome

4
3
2
1

Locatelli

Locatelli

3

2
STOP

0.5

D(dose)

MMF
Praga

Steroid

HKVIN

0.25
D(plc)

R2 = 0.84 (0.17, 0.99)

0.1

Slope = 1.16 (–0.28, 2.62)
0.05

0.3

0.4

0.5
0.65
0.85 1
Treatment effect on proteinuria

1.2

1.5

1.8

Figure 2. | Trial-level assessment of the validity of proteinuria as a surrogate end point with the addition of the data from the STOP-IgAN and
TESTING trials. (A) With the results of Supportive Versus Immunosuppressive Therapy for the Treatment of Progressive IgA Nephropathy (STOPIgAN) and Therapeutic Evaluation of Steroids in IgA Nephropathy Global (TESTING) added as two separate trials. (B) With the results of TESTING
combined with those of other trials of corticosteroids. Circles are the observed treatment effects on the clinical outcome (vertical axis) and
change in urine protein (horizontal axis) for each study or study group as for Figure 1. The sizes of the circles are the inverse to the SEM of the
treatment effect on the clinical end point, which is related to the number of events of interest. Colors indicate intervention. Red, renin-angiotensin
system blockade; yellow, fish oil; green, immunosuppression; dark blue, steroids; light blue, TESTING trial; orange, STOP-IgAN trial. D(dose),
Donadio (dose); D(plc), Donadio (placebo); HKVIN, Hong Kong Study Using Valsartan in IgA Nephropathy (43); MMF, mycophenolate mofetil;
STOP, STOP-IgAN trial (39); TESTING, TESTING trial (40).

The table presents a summary of the data for the patients in the treatment and control groups for whom paired proteinuria measurements were available at baseline and at 12 mo, thus
allowing calculation of the change in proteinuria with treatment. Composite end point: time to the ﬁrst occurrence of a doubling of serum creatinine level, ESKD, or death. 95% CI, 95%
conﬁdence interval; STOP-IgAN, Supportive Versus Immunosuppressive Therapy for the Treatment of Progressive IgA Nephropathy; TESTING, Therapeutic Evaluation of Steroids in IgA
Nephropathy Global.

0.57 (0.17 to 1.88)
0.48 (0.20 to 1.13)
12
23
0.57 (0.45 to 0.73)
0.45 (0.34 to 0.59)
0.73 (227.0%)
0.98 (21.7%)
1.06
2.24
67
87
0.41 (258.0%)
0.44 (255.7%)
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93
STOP-IgAN (39)
TESTING (40)
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Mean at
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Ratio of Proteinuria
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N

Mean at
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Ratio of Proteinuria at
12-mo to Baseline

Proteinuria Treatment
Effect (95% CI)

Number
of Events

Composite End Point
Control
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To date, the only attempt to formally evaluate proteinuria as a surrogate end point using data from intervention trials has been performed by Inker et al. (38). The
authors performed a systematic search of the medical
literature to identify randomized, controlled trials in adults
with IgAN and obtained access to data from 11 studies
investigating four intervention types (renin angiotensin
system blockade, ﬁsh oil, steroids, or other immunosuppression agents) in a total of 830 subjects (included in Table
2). In addition to other analyses, the authors evaluated the
relationship between the treatment effect on the change in
proteinuria from baseline to approximately 9 months
(measurements could be made between 7 and 12 months)
and the treatment effect on the clinical end point of interest,

Intervention

Intervention Trials

Proteinuria

between the severity and duration of proteinuria and
kidney function loss is consistent across studies.
The severity and duration of sustained proteinuria has
been commonly assessed by calculating the time-average
proteinuria (TA-P), although the method used to calculate
TA-P has varied among studies (29,30,36,37). In IgAN,
sustained proteinuria, typically .1 g/d, has been strongly
associated with poorer kidney outcomes. In an analysis of
data from the Toronto GN Registry of 542 patients followed
for a mean of 6.5 years (61% males, 50% whites, 23%
Asians, with mean initial proteinuria 2.4 g/d, and creatinine clearance of 77 ml/min per 1.73 m2), TA-P (deﬁned as
an average of the mean of every 6-month period’s proteinuria measurements) was the most important predictor
of kidney function decline and risk of ESKD (deﬁned as
GFR,15 ml/min per 1.73 m2, dialysis, or transplantation)
independently of BP and use of renin-angiotensin blockers.
If TA-P was maintained ,1 g/d, the 10-year risk of ESKD
was 5%, versus 20% with a TA-P of 1–2 g/d, 40% with a
TA-P of 2–3 g/d, and 60% with .3 g/d (29). In this study,
kidney survival was not signiﬁcantly different between
patients attaining a proteinuria,0.3 g/d compared with
those with proteinuria between 0.3 and 1 g/d, whereas in
the VALIGA study (1147 patients from Europe), patients
with a TA-P,0.5 g/d had a lower risk of progression to a
50% reduction of GFR or ESKD as compared with patients
with proteinuria of 0.5–0.9 g/d (33). Similar to the ﬁndings
reported in these populations, a multivariable analysis of
data from the Nanjing GN registry, comprising 1155
Chinese patients with IgAN (median baseline proteinuria
0.89 [interquartile range, 0.51–1.59] g/d, and mean eGFR
89633 ml/min per 1.73 m2), TA-P (the area under the curve
of proteinuria during follow-up divided by the years of
total follow-up) was also the most important risk factor for
progression to ESKD. In this study population, TA-P.1 g/d was
associated with a hazard ratio of 9.4 (95% conﬁdence
interval [95% CI], 6.1 to 14.5) of reaching a 50% decline
in GFR or ESKD relative to patients with ,1 g/d, after
adjustment for time-average mean arterial pressure and
GFR at biopsy (30). The authors also reported that a TAP,0.5 g/d was associated with a lower risk of a 50% decline
in GFR or ESKD compared with those with TA-P of 0.5–1.0
g/d (compared with a TA-P,0.5, the hazard ratio was 9.1
[95% CI, 2.7 to 30.0; P,0.001] for TA-P of 0.5–1 g/d, and
46.5 [95% CI, 14.7 to 147.5; P,0.001] for TA-P of .1 g/d).

Hazard Ratio
(95% CI)
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Table 3. Summary of patient characteristics and treatment effect in the STOP-IgAN and TESTING trials

8

Clin J Am Soc Nephrol 14: ccc–ccc, March, 2019

Proteinuria Reduction in Trials of IgA Nephropathy, Thompson et al.

9

Table 4. Summary of findings
Finding

Summary

Proteinuria as causal factor in
IgAN disease progression
Epidemiologic association

There is no direct disease-speciﬁc evidence establishing a causal role of proteinuria (as
routinely measured) in the pathogenesis of progressive kidney dysfunction in IgAN.
Studies to date have explored the relationship between proteinuria and kidney outcomes using
a variety of measures:
c Measures on the basis of time-average calculations of proteinuria (which incorporate both the
severity and duration of proteinuria).
c Measures on the basis of reduction of proteinuria to below a threshold (e.g., ,0.5 or ,1 g/d) as
measured by time-average proteinuria or sustained over time.
c Relative percent reduction of proteinuria along a continuum on the basis of the measurement
of proteinuria at a certain time point.
c Data from these studies show an association between lower time-average proteinuria (e.g., to
,1 g/d) and achieving a sustained proteinuria to ,1 g/d and lower rate of loss of kidney
function or reaching a kidney end point (50% decline in GFR or ESKD).
Trial-level analysis of data from randomized, controlled trials also show an association
between treatment effects on proteinuria and treatment effects on a composite of the time to
the ﬁrst occurrence of a doubling of serum creatinine level, ESKD, or death in patients with an
eGFR.25 ml/min per 1.73 m2 and proteinuria levels .0.6 g/d.

Data from randomized
interventional trials

IgAN, IgA nephropathy.

deﬁned as the composite of the time to the ﬁrst occurrence
of a doubling of serum creatinine level, ESKD, or death
(38). This trial-level analysis showed an association between treatment effects on proteinuria and treatment
effects on the clinical end point of interest in patients
with IgAN (Figure 1).
After the publication of this analysis, the results
of two international, randomized, double-blind, placebocontrolled trials in IgAN—the Therapeutic Evaluation of
Steroids in IgA Nephropathy Global (TESTING) (37) and
the Supportive Versus Immunosuppressive Therapy for the
Treatment of Progressive IgA Nephropathy (STOP-IgAN)
(39) trials—were published. Accordingly, the data from
these trials were added to the trial data presented by Inker
et al. (38). Two updated trial-level analyses were performed, one in which STOP-IgAN (39) and TESTING (40)
were added as two separate new trials and a second
analysis in which the results of TESTING were combined
with those of the other trials of corticosteroids (see
Supplemental Material for methodology). The results of
the updated trial-level analyses are shown in Figure 2. The
results of the STOP-IgAN and TESTING trials, including
the treatment effect on proteinuria and on the composite
end point of time to the ﬁrst occurrence of a doubling of
serum creatinine level, ESKD, or death, are summarized in
Table 3. Both trial-level analyses continue to show an
association between treatment effects on proteinuria and
treatment effects on the clinical end point of interest in
patients with IgAN.

Conclusions
Although several biomarkers of disease have been
explored in IgAN, to date, the most widely recognized
and well studied risk factor for progression to ESKD is
proteinuria. For this reason, and because of consistent
evidence linking sustained proteinuria with adverse clinical outcomes in this disease, the workgroup focused on the
data supporting proteinuria as a surrogate end point in

IgAN. As summarized in Table 4, epidemiologic data
indicate a strong and consistent relationship between the
level and duration of proteinuria and loss of kidney
function in patients with IgAN. Trial-level analyses of
data from 13 randomized, controlled trials also show an
association between treatment effects on proteinuria and
treatment effects on a composite of the time to the ﬁrst
occurrence of a doubling of serum creatinine level, ESKD,
or death. The geometric mean of proteinuria at baseline
was 1.8 g/d with two thirds of patients included in these
trials having a value in the range 1.0–3.2 g/d; the geometric
mean for eGFR at baseline was 63 ml/min per m2 with two
thirds of patients having a value in the range 47–86 L/min
per m 2 ; and the age range across studies was
31.6611.5–46.4613.4 years (no study included
children,14 years old). These data support the use of
proteinuria reduction as a reasonably likely surrogate end
point for a treatment’s effect on the loss of kidney function
and progression to ESKD in future trials enrolling a similar
population. The clinical beneﬁt of products approved
under this program should be veriﬁed in a postmarketing
conﬁrmatory trial.
There are, however, knowledge gaps warranting further
investigation:
1. The relationship between treatment effects on proteinuria
and treatment effects on patient and kidney outcome is best
supported for the proteinuria and eGFR levels described in
the previous paragraph. Whether this association holds at
lower baseline levels of GFR or proteinuria is unclear and
warrants further study.
2. Analyses indicate that the reduction of proteinuria must be
sustained to confer protection against progressive loss of
GFR. The minimal duration of proteinuria reduction that
confers a protective effect is not known and should be
investigated in future studies.
3. Some data suggest that the sustained reduction of proteinuria to a level ,0.5 g/d is associated with the best kidney
outcome. Even with this near complete normalization of
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proteinuria, the minimal magnitude and duration of proteinuria reduction that confers a protective effect is currently unknown and should be investigated in future
studies.
4. A “complete remission” may be defined as a treatment
response associated with a low rate of persistent or recurrent disease activity and excellent long-term kidney and
patient survival. What constitutes complete remission in
IgAN is not well defined (41,42), and may include criteria
other than proteinuria alone. Future studies should explore
this issue.
It is also important to emphasize that this paper addresses proteinuria as a surrogate end point in settings in
which it is likely to perform well and where there is
uncertainty about its performance. It should not be interpreted as suggesting that a broader population of patients
cannot or should not be studied in drug development
programs, that other biomarkers should not be explored as
potential surrogate end points, or that other end points
should not be used or considered.
Given the current state of the data on proteinuria as a
surrogate in IgAN, how should the nephrology community
move forward with deﬁning a proteinuria-based end point
for registration trials of treatments of IgAN? Although
specifying a set deﬁnition of proteinuria response that
should be used by all development programs may be
viewed as attractive by some, the available data do not
support such an approach. Trial-level analyses indicate a
graded relationship between a treatment’s effect on proteinuria (as measured by the percent reduction in proteinuria) and the treatment effect on the loss of kidney
function and progression to ESKD. This suggests that, for
the purpose of accelerated approval, the end point could
be deﬁned as the percent reduction in proteinuria from
baseline (as opposed to deﬁning a “response” as
achieving a proteinuria level below some threshold).
Because the beneﬁt of the product would need to be
conﬁrmed in a postmarketing trial, the magnitude of
effect on proteinuria in the premarket trial would need
to be sufﬁcient to provide conﬁdence that the treatment
effect could be conﬁrmed in a feasible postmarketing
trial. We believe that this provides a feasible pathway
for product development in this area, bearing in mind
the current state of the data on proteinuria as a surrogate
in this disease and with the understanding that, as data
accrue, the approach to using proteinuria as a surrogate
end point will likely evolve.
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