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Background: In primary membranous nephropathy (MN), partial remission (PR) ($50% reduction of pro-

teinuria to <3.5 g/d) is associated with a greater risk of relapse and end-stage kidney disease (ESKD)

compared with complete remission (CR). We aimed to determine factors associated with relapse or renal

failure in patients who attain the standard definition of PR.

Methods: We captured PR, CR, relapse, and the composite of doubling of serum creatinine or ESKD in a

cohort of 267 patients with MN, nephrotic syndrome, and >12 months of follow-up. Characteristics at the

time of PR associated with the composite outcome or relapse were evaluated using a time-to-event

analysis.

Results: A total of 192 patients attained PR and 86 attained CR. Serum albumin at PR (hazard ratio [HR]:

1.58 per 0.5 g/dl decrease from 4.0 g/dl; 95% confidence interval [CI]: 1.03–2.43) and duration of nephrotic

proteinuria (HR: 1.01 per month increase; 95% CI: 1.00–1.03) were independent risk factors for the com-

posite endpoint. Serum albumin at PR was associated with an increased risk of relapse (HR: 1.58 per 0.5 g/

dl decrease below 4.0 g/dl; 95% CI: 1.24–2.01). A cutoff for serum albumin#3.5 g/dl at PR performed best in

predicting relapse and composite outcome.

Conclusions: Patients with serum albumin >3.5 g/dl at PR have decreased risk of composite outcome or

relapse compared with PR with low albumin. A definition of PR that includes normalization of serum al-

bumin may be a more robust surrogate endpoint in MN than the traditional definition of PR.
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P
atients with primary MN typically present with
nephrotic syndrome and preserved renal func-

tion.1,2 The severity and duration of proteinuria are
associated with increased risk of loss of renal func-
tion.1,3–5 The reduction of proteinuria has been
considered a reasonable therapeutic goal and has been
used as a primary outcome measure in clinical trials.6–11

CR, defined as attaining a near-normal protein excre-
tion (<0.3 g/d) with preservation of glomerular
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filtration rate (GFR), reflects a clinical absence of disease
activity and is associated with a low risk of relapse and
excellent long-term patient and renal survival. As
such, CR is considered suitable for use as a surrogate
endpoint in clinical trials for drug licensing.12 PR,
defined as attaining protein excretion <3.5 g/d and
relative reduction $50% with preserved GFR, is also
associated with a reduction in the risk of progressive
loss of GFR or ESKD compared with patients with no
remission (NR).13 However, it is difficult to determine
when the residual proteinuria characteristic of PR is
due to persistent disease activity or is a result of kidney
scarring. PR is also associated with a significantly
higher rate of relapse than CR. For these reasons, PR is
considered a reasonably likely surrogate endpoint for
use in clinical trials for drug licensing.12 In this study,
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we investigated the clinical course and outcome in
patients who achieved PR. Based on the retrospective
analysis of a large inception cohort of patients with
primary MN from the Glomerular Disease Collaborative
Network of the University of North Carolina,2 we
evaluated which clinical parameters at the time of PR
are associated with (i) progressive renal dysfunction
and (ii) relapse. We also evaluated whether incorpo-
rating serum albumin measures can improve the value
of PR in predicting renal outcomes.

METHODS

Data Collection and Study Cohort Development

Data were collected from the previously described
primary MN inception cohort of the Glomerular Disease
Collaborative Network of the University of North
Carolina, which involves more than 300 participating
clinics and academic sites from predominantly the
southeastern United States.2 We identified 466 patients
with primary MN who underwent a renal biopsy be-
tween 1977 and 2012 and were followed until March of
2014. Clinical and laboratory test result data were
prospectively accrued from patients’ records of each
clinic visit. For inclusion in this study, patients must
have had primary MN with nephrotic range protein-
uria at presentation (>3.5 g/d); at least 12 months of
follow-up; and sufficient information on treatments,
laboratory values, and clinical course to assess remis-
sion, relapse, and long-term renal and patient
outcomes.

Study Design

We retrospectively investigated the clinical course of
patients from the time of kidney biopsy to the last
follow-up date or to ESKD or death. We captured the
time to PR, CR, relapse, and ESKD. We also evaluated
time to a composite renal outcome, defined as doubling
of serum creatinine from baseline, an estimated GFR
(eGFR) less than 15 ml/min per 1.73 m2, or initiation of
renal replacement therapy. Relapse was defined as the
reemergence of nephrotic range proteinuria after CR or
PR. Patients who attained at least a PR were categorized
in the Remission group. Patients who attained a CR
(after a PR) were categorized in the CR group. Patients
who remained in PR until the last follow-up were
categorized in the PR group. (The Remission group
encompassed the PR þ CR groups.) We used the defi-
nitions of CR (attaining proteinuria <0.3 g/d with a
stable eGFR), PR ($50% reduction in proteinuria
to<3.5 g/d with a stable eGFR), and relapse (increase in
proteinuria to >3.5 g/d after reaching CR or PR)
described in the 2012 Kidney Disease: Improving
Global Outcomes guidelines.12,14 A stable eGFR was
defined as <25 ml/min per 1.73 m2 decline from
Kidney International Reports (2020) 5, 706–717
baseline. Two consecutive measurements of proteinuria
and serum creatinine were required for each event
determination, and the first date meeting the defining
criteria was used as the time point of the event. Chronic
kidney disease (CKD) stage was categorized according
to the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative guidelines.15

For the analysis simulating a clinical trial using
normal albumin PR (NAPR) at 18 months (NAPR18) as
the endpoint, patients were categorized as NAPR18

group if they were in PR with serum albumin >3.5 g/dl
at that time point after kidney biopsy, whereas those in
PR but with serum albumin #3.5 g/dl at 18 months
were categorized in the low albumin PR (LAPR) at 18
months (LAPR18) group. The LAPR18 and NAPR18

groups are distinct from the LAPR and NAPR groups,
respectively, because serum albumin could have
improved from the time of first PR to the 18-month
time point.

We evaluated time to first event for the composite
renal endpoint and ESKD with start date defined as the
first kidney biopsy date. Time to relapse was calculated
from the time a patient first attained PR. Models for
each outcome controlled for influences of clinical
characteristics at the time of biopsy, at the time of PR,
and treatment during follow-up. Immunosuppressive
therapy used was categorized in 3 groups: no treat-
ment, treatment with glucocorticoids only, and dual
immunosuppression with either cyclophosphamide or a
calcineurin inhibitor in addition to glucocorticoids.
Treatment categories were used as an intention to treat
in all analyses.

Statistical Analysis

Continuous variables were described as mean � SD for
normal distributions or median with interquartile
range (IQR) for skewed distributions. Categorical vari-
ables were described as percentages. Baseline charac-
teristics for relapse and no-relapse groups were
compared using Student’s t test for normally distrib-
uted variables, Wilcoxon-rank sum test for variables
with skewed distributions, and c2 test for categorical
variables. Cumulative incidence rates of the composite
renal endpoint and relapse were calculated and plotted
using Kaplan-Meier analysis. The comparison of inci-
dence rates of outcomes between PR and other remis-
sion groups were performed with a log-rank test.

Cox proportional hazard models were used to assess
risk factors of outcomes. Age at biopsy was converted
to an ordinal categorical variable divided by quartiles,
and race was evaluated as a binary variable (white vs.
nonwhite). For renal disease parameters, we used CKD
stages as ordinal categories, gram increase of protein-
uria, and 0.5 g/dl decrease of serum albumin level from
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Table 1. Baseline characteristics of entire study cohort (N ¼ 267) of
patients with MN
Variables Median [IQR]

Demographics

Age at biopsy, yr 52 [42–63]

Sex, male, % 61

Race, white/black/other, % 75/17/8

Laboratory findings

Serum creatinine, mg/dl 1.1 [0.9–1.4]

Estimated GFR, ml/min per 1.73 m2 72 [53–86]

Serum albumin, g/dl 2.4 [1.9–2.9]

Proteinuria, g/d 8 [5–12]

Immunosuppressant use,a %

None 20

Monotherapy 42

Combination therapy 38

ACEi/ARB 77

Follow-up, mo 34 [16–66]

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; GFR,
glomerular filtration rate; IQR, interquartile range; MN, membranous nephropathy.
aMonotherapy: treatment with single immunosuppressive agent (including corticoste-
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4.0 g/dl. HRs reaching a statistically predictive value at
the P < 0.1 level of significance in univariate analyses
were used in multivariable modeling for each outcome.
Multivariable models also included clinically relevant
covariates.14 Backward elimination was conducted for
the final risk prediction model with variable selection
threshold as an a-level of 0.05. Stata version 14.2 (Stata
Corp, College Station, TX) was used for statistical ana-
lyses and graphing. The proportionality assumption of
our models was evaluated by examination of Shoenfeld
residuals. A receiver operating characteristic (ROC)
analysis was used to determine the best cutoff value of
serum albumin level for the prediction of relapse of
nephrotic proteinuria or the combined outcome,16,17

using R package survival ROC (https://CRAN.R-
project.org/package&equals;survivalROC). Our ROC
analysis was supplemented by examination of Net
Classification Improvement at years 2, 3, and 4.
roids alone). Combination therapy includes combined corticosteroids in addition to
cytotoxic agent or other immunosuppressant.
RESULTS

We identified 267 patients with primary MN, nephrotic
range proteinuria at presentation (>3.5 g/d), and at
least 12 months of follow-up who met inclusion criteria
(Figure 1). Table 1 summarizes baseline characteristics,
treatment, and outcomes for the cohort. At presenta-
tion, the median proteinuria was 8 g/d (IQR, 5–12 g/d)
Total N = 466, iden�fied:

n = 267, Included:

Biopsy-proven,
Primary membranous nephropathy in GDCN database

Primary membranous nephropathy

n = 73 (28%), n = 192 (72%

n = 106 (55%
Stayed at PR

No remission (NR) Remission

presen�ng nephro�c-range proteinuria

Figure 1. Study flow diagram of patient selection and outcomes observed.
inclusion criteria, 72% attained a remission. Of these, 45% subsequent
(interquartile range, 4–17 months), whereas the remaining 55% remained in
chronic kidney disease; GDCN, Glomerular Disease Collaborative Networ
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and the median serum albumin was 2.4 g/dl (IQR,
1.9–2.9 g/dl). Eighty percent of patients received
immunosuppressive treatment. The combination of
cyclophosphamide and corticosteroids was prescribed
to 38% of patients (median duration of treatment 7.7
n = 199, Excluded:

),

), n = 86 (45%),
Achieved CR

Incomplete clinical informa�on (73)
Less than 12 months of follow-ups (57)
Subnephro�c status at presenta�on (55)
Combined with other glomerulonephri�s (8)
CKD5 at the �me of biopsy (5)

Of the 267 patients with primary membranous nephropathy who met
ly attained a complete remission (CR) in a median of 10 months
partial remission (PR) until the last follow-up or had a relapse. CKD,

k.
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months [IQR, 5.2–12.2 months]). Calcineurin inhibitors
were prescribed to 19% of patients (median duration of
treatment 9.9 months [IQR, 4.9–19.4 months]). Renin-
angiotensin system blockers were used by 77% of
patients. Among patients treated with immunosup-
pressive therapy, 78% initiated treatment within 3
months of biopsy, 6% between 3 and 6 months after
biopsy, and 16% after 6 months.

During a median observation period of 34 months
(IQR, 19–66 months), 28% of the entire cohort (75 of 267)
either had no remission or progressed to the composite
Figure 2. Kaplan-Meier curves of the composite renal endpoint (a) and
remission [NR], partial remission [PR] and complete remission [CR]). There
reaching the composite renal endpoint among the 3 groups (log-rank tes

Kidney International Reports (2020) 5, 706–717
renal endpoint. Seventy-two percent of patients (192 of
267) achieved PR or CR (Remission group). Twenty
percent of patients who entered into remission did so
without immunosuppressive therapy. The median time
from kidney biopsy to PR was 7 months (IQR, 3–13
months). Among those who achieved a remission, 45%
(86 of 192) subsequently attained a CR in a median of 10
months (IQR, 4–17 months), whereas the remaining 55%
remained in PR until the last follow-up or had a relapse.
Only 2 patients who attained a remission had a doubling
of serum creatinine without a relapse.
end-stage kidney disease (ESKD) (b) of the 3 remission groups (no
was statistically significant difference in the cumulative probability of
t, P < 0.05).
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Table 3. Risk factors of the composite renal outcome among
patients with MN who achieved remission

Variables (reference) P value
Hazard ratio
(95% CI)

Univariable modela

Older age, per quartile increase (age <42 yr) 0.89 0.97 (0.67–1.41)

Sex, male (female) 0.42 0.71 (0.30–1.66)

Race, nonwhite (white) 0.17 1.57 (0.82–3.00)

Baseline proteinuria, per gram increase 0.04 1.04 (1.01–1.09)

Proteinuria at remission, per gram increase 0.96 0.99 (0.66–1.49)

CKD stage,b per higher stage (CKD stage 1) 0.12 0.76 (0.50–1.18)

Baseline serum albumin, per 0.5 mg/dl decrease (>4.0) 0.99 1.00 (0.69–1.44)

Serum albumin at PR, per 0.5 mg/dl decrease (>4.0) 0.04 1.52 (1.00–1.03)

Time in no-remission, per mo increase 0.03 1.01 (1.01–1.03)

Combination therapyc (none or monotherapy) 0.07 1.41 (0.98–2.01)

Multivariable modela

Serum albumin at PR, per 0.5 mg/dl decrease (>4.0) 0.038 1.58 (1.03–2.43)

Time in no-remission, per mo increase 0.028 1.01 (1.00–1.03)

CI, confidence interval; CKD, chronic kidney disease; MN, membranous nephropathy;
PR, partial remission.
aCox proportional hazard model: variables with P < 0.1 in univariable models (baseline
proteinuria, serum albumin at PR, time in no-remission, combination immunosuppres-
sants) and clinically relevant (race and CKD stage) were adjusted in the multivariable
model. Backward elimination was used to develop the final model, with variables
retained if a # 0.05.
bCKD stage is based on 2012 Kidney Disease: Improving Global Outcomes guideline.14
cMonotherapy: treatment with single immunosuppressive agent (including corticoste-
roids alone). Combination therapy includes combined corticosteroids in addition to
cytotoxic agents or other immunosuppressant.
Composite renal outcome is defined as doubling of serum creatinine from baseline, an
estimated glomerular filtration rate less than 15 ml/min per 1.73 m2, or initiation of renal
replacement therapy.

CLINICAL RESEARCH T Lee et al.: Albuminemia at Remission Membranous Nephropathy
Risk of Composite Renal Endpoint

Sixty-two patients (23% of the entire cohort) reached
the composite renal endpoint (doubling of serum
creatinine, eGFR <15 ml/min per 1.73 m2, or initiation
of renal replacement therapy), 27 (10%) of whom
progressed to ESKD. Figure 2 illustrates Kaplan-Meier
curves for the composite endpoint (Figure 2a) and
ESKD (Figure 2b) for each remission group. Over 5
years of follow-up, the cumulative probability of
reaching the composite renal endpoint was 65% for
NR, 12% for PR, and 5.5% for the CR groups,
respectively (log-rank test P < .05).

Among the 192 patients who achieved a remission,
characteristics at baseline and at the time of PR were
evaluated for their association with renal outcomes
(Tables 2 and 314). In the univariable model, greater
proteinuria at baseline, time exposed to nephrotic
range proteinuria, and lower serum albumin level at PR
were significantly associated with reaching the com-
posite renal endpoint. In a multivariable model, serum
albumin at PR (HR, 1.58 per 0.5 g/dl decrease in serum
albumin from 4.0 g/dl; 95% CI, 1.03–2.43) and duration
of nephrotic range proteinuria (HR, 1.01 per month
increase; 95% CI, 1.00–1.03) were independent risk
factors of reaching the composite renal endpoint. Ex-
amination of the Shoenfeld residuals of this model
Table 2. Comparison of clinical characteristics by the composite
renal endpoint among patients with MN who achieved remission

Variablesa Total

Reached composite renal
endpoint

P valueNo Yes

n 192 170 22

Age at biopsy, yr 52 [42–63] 53 [42–63] 50 [39–59] 0.31

Sex, male, % 59 59 59 0.98

Race, white/black/others, % 78/14/8 80/11/9 60/39/1 0.02

eGFR, ml/min per 1.73 m2 71.6
[53.1–86.2]

73.5 [56–88] 76 [50–99] 0.26

CKD stageb 4/3b/3a/2/1, % 5/8/18/46/23 6/8/17/47/22 0/9/18/41/32 0.67

Proteinuria, g/d 8 [5–12] 7.4 [4.8–11.1] 6.2 [4–10.6] 0.46

Serum albumin, g/dl 2.54 � 0.66 2.53 � 0.66 2.64 � 0.65 0.57

Serum albumin at PR, g/dl 3.36 � 0.54 3.39 � 0.52 3.18 � 0.67 0.07

Time in no remission, mo 9.3
[4.2–20.2]

7.8
[3.8–16.2]

40.9
[17.2–50.4]

<0.01

ACEi/ARB, % 79 79 84 0.44

Immunosuppression,c % 0.08

No immunosuppression 24 25 9

Monotherapy 39 41 32

Combination therapy 37 35 59

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate; MN, membranous
nephropathy; PR, partial remission.
aContinuous variables present with median value [interquartile range].
bCKD stage is based on 2012 Kidney Disease: Improving Global Outcomes guideline.14
cMonotherapy: treatment with single immunosuppressive agent (including corticoste-
roids alone). Combination therapy includes combined corticosteroids in addition to
cytotoxic agents or other immunosuppressant.
Laboratory test results are presented at baseline (time of biopsy) unless otherwise
indicated.
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upheld the proportionality assumption (Supplementary
Figure S1).

Risk of Relapse

Sixty of 192 patients (31%) who reached a remission
experienced a relapse, with a median time to relapse of
41 months (IQR, 10–110 months). In the 5 years after
PR, the cumulative probability of relapse was 65% for
patients who remained in PR, but only 25% for pa-
tients in CR (Figure 3). Compared with patients who did
not relapse, those who did were significantly younger
(median age, 46 years [IQR, 40–58 years] vs. 56 years
[IQR, 43–64 years], P < 0.01), had a lower serum al-
bumin level at the time of PR (median, 3.2 g/dl [IQR,
3.0–3.7 g/dl] vs. 3.5 g/dl [IQR, 3.2–3.8 g/dl], P < 0.01),
and were more likely to be on dual immunosuppressive
therapy (50% vs. 32%, respectively) (Table 4).
Table 514 summarizes the result of time-to-relapse
analysis using Cox proportional hazard models.
Attaining CR was associated with lower risk of relapse
compared with PR (HR, 0.44; 95% CI, 0.24–0.80; P ¼
0.007). A low serum albumin level at the time of PR was
associated with an increased risk of relapse (HR, 1.58;
95% CI, 1.24–2.01; P ¼ 0.002) for each 0.5 g/dl
decrease in serum albumin level below 4.0 g/dl). Ex-
amination of the Shoenfeld residuals of this model
upheld the proportionality assumption (Supplementary
Figure S2).
Kidney International Reports (2020) 5, 706–717



Figure 3. Kaplan-Meier curves depicting the cumulative probability of relapse of nephrotic range proteinuria for patients attaining a partial
remission (PR) (n ¼ 107) compared with complete remission (CR) (n ¼ 85).
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Risk of Relapse or Composite Renal Endpoint Based

on Serum Albumin Level at the Time of PR

We sought to identify a cutoff serum albumin level at
the time of PR that could be used clinically to assess the
risk of relapse. In ROC analysis, we compared models
with a binary categorical variable for serum albumin
Table 4. Comparison of clinical characteristics between patients
who did and those who did not relapse after partial remission
Variablesa Total Relapse No relapse P value

n 192 60 132

Age at biopsy, yr 52 [42–63] 46 [40–58] 56 [43–64] <0.01

Sex, male, % 59 68 55 0.08

Race, white/black/others, % 78/14/8 75/17/8 79/13/8 0.73

eGFR, ml/min per 1.73 m2 71.6
[53.1–86.2]

71.6
[53.1–86.2]

78.6
[57.7–94.5]

0.11

CKD stageb 4/3b/3a/2/1, % 5/8/18/46/23 3/5/20/44/28 6/10/16/48/20 0.52

Proteinuria, g/d 8
[5–12]

7.8
[5.9–11.6]

7.1
[4.5–10.9]

0.28

Serum albumin, g/dl 2.4
[1.9–2.9]

2.5
[2.0–2.8]

2.6
[2.1–3.0]

0.28

Serum albumin at PR, g/dl 3.4
[3.0–3.7]

3.2
[3.0–3.7]

3.5
[3.2–3.8]

<0.01

Time from baseline to PR, mo 6.9
[3.2–13.4]

7.7
[2.7–11.4]

6.7
[3.6–14.0]

0.94

ACEi/ARB, % 79 83 77 0.15

Immunosuppression,c % 0.03

No immunosuppression 24 13 27

Monotherapy 39 37 41

Combination therapy 37 50 32

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate; PR, partial remission.
aContinuous variables present with median value [interquartile range].
bCKD stage is based on 2012 Kidney Disease: Improving Global Outcomes guideline.14
cMonotherapy: treatment with single immunosuppressive agent (including corticoste-
roids alone). Combination therapy includes combined corticosteroids in addition to
cytotoxic agents or other immunosuppressant.
Laboratory test results are presented at baseline (time of biopsy) unless otherwise
indicated.
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levels at PR and ranged the cut point from 3.3 to 3.7 g/
dl. A cutoff serum albumin concentration of #3.5 g/dl
best delineated the predication of relapse (Figure 4,
Supplementary Table S1). Using this cutoff level, we
categorized patients in PR into 2 groups: NAPR, with
serum albumin level >3.5 g/dl, and LAPR, with
Table 5. Risk factors of relapse of nephrotic range proteinuria after
partial remission
Variables (reference) P value Hazard ratio (95% CI)

Univariable modela

Older age, per quartile increase (age <42 yr) 0.08 0.81 (0.64–1.03)

Sex, male (female) 0.21 1.43 (0.82–2.47)

Race, nonwhite (white) 0.35 1.25 (0.83–1.87)

Baseline proteinuria, per gram increase 0.42 1.02 (0.97–1.08)

Proteinuria at remission, per gram increase 0.21 1.18 (0.91–1.53)

CKD stage,b per higher stage (CKD stage 1) 0.06 0.77 (0.59–1.01)

Baseline serum albumin, per 0.5 mg/dl
decrease (>4.0)

0.11 1.20 (0.96–1.51)

Serum albumin at PR, per 0.5 mg/dl
decrease (>4.0)

<0.01 1.58 (1.26–1.98)

Complete remission before relapse <0.01 0.32 (0.18–0.57)

Combination therapyc (none or monotherapy) 0.11 1.34 (0.94–1.92)

Multivariable modela

Serum albumin at PR, per 0.5 mg/dl
decrease (>4.0)

0.002 1.58 (1.24–2.01)

Complete remission before relapse 0.007 0.44 (0.24–0.80)

CI, confidence interval; CKD, chronic kidney disease; PR, partial remission.
aCox proportional hazard model: variables with P < 0.1 from univariable models (age,
CKD stage, and serum albumin at PR, and complete remission before relapse) and
clinically relevant. (Baseline serum albumin and combination immunosuppressive
therapy) were adjusted in the multivariable model. Backward elimination was employed
to develop the final model, with variables retained if a # 0.05.
bCKD stage is based on 2012 Kidney Disease: Improving Global Outcomes guideline.14
cMonotherapy: treatment with single immunosuppressive agent (including corticoste-
roids alone). Combination therapy includes combined corticosteroids in addition to
cytotoxic agents or other immunosuppressant.
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albumin #3.5 g/dl. Figure 5 compares the cumulative
probability of the composite renal endpoint (Figure 5a)
and relapse (Figure 5b) of the 3 remission groups
(LAPR, NAPR, and CR). The risk of reaching the
composite renal endpoint was statistically significantly
higher among patients with LAPR compared with
NAPR (log-rank test, P ¼ 0.049), but was not signifi-
cantly different between patients with NAPR and CR
(log-rank test, P ¼ 0.128). The risk of relapse was
statistically significantly higher in patients with LAPR
than NAPR, and in patients with NAPR than CR (log-
rank test, P < 0.001; trend P < 0.001). Examination of
the Net Classification Improvement at years 2, 3, and 4
was highest at a serum albumin cutoff of 3.5 g/dl,
consistent with the findings of our ROC analysis
(Supplementary Table S2, Supplementary Figure S3).

Simulation: Use of NAPR as the Endpoint in a Clinical

Trial

We explored the feasibility of a clinical trial using
NAPR at 18 months (NAPR18) as the primary endpoint.
We observed the relapse of nephrotic range proteinuria
as an outcome in patients who achieved and remained
in PR by the 18-month time point after kidney biopsy.
Of the original cohort, 83 patients who achieved PR at
18 months and extended follow-up >24 months were
included in the analysis (Table 6). The median follow-
Figure 4. Receiver operating characteristic (ROC) curves were
generated to determine the level of serum albumin at the time of
partial remission (PR) that best predicated relapse of nephrotic
proteinuria at 2 (black line), 3 (red line), and 4 years (blue line) after
PR. The areas under the curve for the 2-, 3-, and 4-year curves were
0.77, 0.78, and 0.77, respectively. For each analysis, the optimal cut of
level of serum albumin was 3.6 g/dl (Youden’s indices tabulated in
Supplementary Figure S1). The 3 curves show that the association of
serum albumin level at PR and relapse is stable when time-to-event
is varied from 2 to 4 years. FP, false positive; TP, true positive.
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up was 52.6 months (IQR, 37.7–79.9 months) from the
time of biopsy. At the 18-month time point, 70 patients
(84%) attained a serum albumin level >3.5 g/dl
(NAPR18); and 13 patients (16%) had a low serum al-
bumin concentration #3.5 g/dl at 18 months (LAPR18).
The time to relapse of nephrotic range proteinuria be-
tween the NAPR18 and LAPR18 groups was signifi-
cantly different (log-rank test, P < 0.001; Figure 6). In
the LAPR18 group, the median time to relapse was 25
months (IQR, 6–34 months) with an incidence of 4.3
relapse/100 patient-months. In contrast, among patients
with NAPR18, the median time to relapse was 68
months (IQR, 44–101 months) with an incidence of 0.6
relapse/100 patient-months.
DISCUSSION

Although associated with significant morbidity and
mortality,2,18,19 the course of progressive loss of renal
function in primary MN typically occurs over many
years. Among patients who do not attain reduction of
proteinuria to a subnephrotic range, the risk of ESKD is
approximately 25% over 8 years and approximately
50% by 10 to 15 years.20 This relatively slow rate of
progression makes it necessary to use a surrogate
endpoint to complete clinical trials for drug licensing
within a realistic time frame. CR has previously been
deemed suitable for use as a surrogate endpoint.12

Unfortunately, with current therapies, only 20% to
30% of patients attain a CR within the relatively short
time frame of most clinical trials (2 years).5–7,11,21,22

The benefits of PR on patient and renal outcomes have
been studied and well recognized.13 Nevertheless, as
defined in the 2012 Kidney Disease: Improving Global
Outcomes guidelines and elsewhere,6,8,13,14 PR is
considered only a “reasonably likely surrogate
endpoint,” in part because PR does not reflect the full
disappearance of signs of disease.12 In addition, although
associated with improved outcome compared with NR,
PR is associated with a relatively high relapse rate and a
significantly greater risk of adverse renal and patient
outcomes compared with CR.13,23 In the United States, a
reasonably likely surrogate endpoint may be used as a
surrogate endpoint under the accelerated pathway for
drug licensing. However, such a trial may need to be
followed by a postmarketing clinical trial to confirm the
benefit of the treatment studied on hard endpoints.24

There is no uniformly used definition of PR. The
most common definition of PR rests on a 50% reduction
of proteinuria and attaining a level of protein
excretion <3.5 g/d per 1.73 m2 body surface area.12,14

Other studies, including recent randomized and
controlled trials, have used a definition that includes
the improvement of serum albumin level.9,11,22
Kidney International Reports (2020) 5, 706–717



Figure 5. Kaplan-Meier curves of the composite renal endpoint (a) and relapse (b) of the 3 remission groups (low albumin partial remission
[LAPR], normal albumin partial remission [NAPR], and complete remission [CR]). There was a statistically significant difference between LAPR
(#3.5 g/dl) and NAPR (>3.5 g/dl) in attaining the composite renal endpoint (log-rank test, P ¼ 0.049) but not between normal albumin complete
remission and CR (log-rank test, P ¼ 0.128). The risk of relapse was statistically significantly higher in patients with LAPR than NAPR, and in
patients with NAPR than CR (log-rank, P < 0.001; trend P < 0.001).

T Lee et al.: Albuminemia at Remission Membranous Nephropathy CLINICAL RESEARCH
We aimed to assess the outcomes of patients with
MN who attain a PR and evaluate the risk factors of
renal endpoints and of disease relapse focusing spe-
cifically on patients with PR. We specifically evaluated
whether incorporating a measure of serum albumin
concentration at the time of PR can improve its pre-
dictive value with respect to relapse or long-term renal
outcome. If so, this modified definition of PR could be a
more robust surrogate endpoint for use in clinical trials
in primary MN.
Kidney International Reports (2020) 5, 706–717
Our results confirm the association of PR with
improved renal outcomes and decreased risk of relapse
compared with NR, as well as the association of a
shorter duration of time in NR with improved renal
prognosis, as previously reported.13,25 The latter
finding raises the important question as to the optimal
timing for initiating immunosuppressive therapy in
patients with nephrotic range proteinuria. The 2012
Kidney Disease: Improving Global Outcomes
Guidelines for Glomerulonephritis recommend
713



Table 6. Comparison of clinical characteristics between patients
who attained a PR by 18 months after biopsy with persistently low
serum albumin (LAPR18) and those with normal serum albumin
(NAPR18) level
Variablesa Total LAPR18

b NAPR18

n (%) 83 (100) 13 (17) 70 (83)

Demographics

Age at biopsy, yr 50.4 � 14.2 49.3 � 14.5 50.6 � 14.2

Sex, male, % 62 69 61

Race, white/black/others, % 77/15/8 54/31/15 82/11/7

Follow-up, mo from biopsy

Median [IQR] 52.6
[37.7–79.9]

44.7
[23.8–72.3]

58.9
[30.5–79.9]

At biopsy

eGFR, ml/min per 1.73 m2 74 [56–86] 76 [64–97] 73 [54–85]

Proteinuria, g/d 7.1
[4.2–11.7]

7.1
[6.0–11.0]

7.1
[4.0–11.7]

Serum albumin, g/dl 2.55 � 0.69 2.33 � 0.63 2.59 � 0.71

At 18 mo

Serum albumin, g/dl 3.79 � 0.50 3.05 � 0.46 3.93 � 0.38

Immunosuppressant used by 18 mo, %

No immunosuppression 17 8 22

Corticosteroids 52 46 50

Corticosteroids þ cytotoxic agents 31 46 28

eGFR, estimated glomerular filtration rate; IQR, interquartile range; PR, partial remission.
aData presented with mean � SD for continuous variable with normal distribution or
median [IQR] for continuous variable with skewed distribution or percentage for
categorical.
bLow-albumin group has serum albumin level # 3.5 mg/dl at 18 mo from biopsy; hence,
normal albumin group >3.5 mg/dl. All variables except serum albumin at 18 mo have no
statistical difference between 2 albumin level groups.

CLINICAL RESEARCH T Lee et al.: Albuminemia at Remission Membranous Nephropathy
initiating treatment with non-immunosuppressive
anti-hypertensive and anti-proteinuric agents, and
reserving immunotherapy for patients who fail to
demonstrate significant improvement in proteinuria
during an observation period of at least 6 months.14 If
Figure 6. Kaplan-Meier curves of relapse of nephrotic proteinuria among
with low albumin partial remission at 18 months post biopsy (log-rank tes
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the benefit-to-risk ratio of new immunosuppressive
therapies11 improves, the decision to delay such treat-
ment will warrant reevaluation, especially considering
that some serious complications of MN tend to occur
early in the course of disease during periods of active
nephrosis.2,18,26

By multivariable analysis, we found that CR after
PR, or higher serum albumin level at the time of
PR, was independently associated with more favor-
able renal outcomes and a lower risk of relapse. By
ROC analysis, we also found that attaining PR with
a normal serum albumin concentration (>3.5 g/dl) is
associated with a significantly lower risk of relapse
and of reaching a doubling of serum creatinine or
ESKD. Although the most optimal cutoff value of
serum albumin should be confirmed in separate,
prospective studies, our results suggest that incor-
porating a measure of serum albumin normalization
into the definition of PR would significantly
improve its predictive value for traditional clinically
meaningful (hard) endpoints, such as doubling of
serum creatinine and ESKD. This finding is sup-
ported by the results of the randomized controlled
trial of rituximab or non-immunosuppressive anti-
proteinuric therapy for severe MN, in which
between-group differences in serum albumin pre-
ceded those in proteinuria.11

A key question we explored was the feasibility of
using of NAPR as a surrogate endpoint in a clinical
trial. We chose 18 months as the time point to assess
patient outcome as a reasonable duration of patient
engagement in a trial, and to detect differences in
patients who attained a normal albumin partial remission compared
t, P ¼ 0.019).
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outcomes between treatment groups based on the re-
sults of previous clinical trials.7,8,11 Our results suggest
that using NAPR as a surrogate endpoint at the
18-month time point would be associated with a
significantly improved relapse-free renal survival and
long-term composite renal endpoint compared with
LAPR. Whether this would be sufficient to establish
NAPR as a surrogate endpoint in a clinical trial for drug
licensing would require further analysis. Ideally, such
an analysis could be done in the setting of a prospec-
tive treatment protocol to demonstrate that a treatment
effect on NAPR is predictive of the treatment effect on
long-term hard endpoints, such as doubling of serum
creatinine, ESKD, or death.

Our study has a number of limitations. Our results
are based on a retrospective cohort study spanning 4
decades with incomplete and heterogeneously obtained
data, as well as suspected heterogeneity in measuring
serum albumin concentration. In common clinical
practice, measuring serum albumin concentration can
be performed using several methods and procedures
that are associated with differences in results. Unfor-
tunately, it was not possible to ascertain the methods
used in our cohort of patients who were followed by
multiple clinical practices over many years.27 We
therefore acknowledge that the presumed heterogene-
ity in testing methods may affect the accuracy of the
optimal cutoff value for serum albumin based on the
ROC curves, but not the association between a
normalization of serum albumin concentration and the
improved outcomes in MN. Our results warrant vali-
dation in a prospective study with uniformly measured
serum albumin levels. Our results also reflect treatment
patterns that have evolved over the past few decades,
most notably the older use of corticosteroids alone and
the more recent use of rituximab. Nevertheless, we
suspect our results on the value of serum albumin as an
additional marker of remission (when incorporated into
the definition of PR) are relevant regardless of the
treatments used considering the results of the multi-
variate analysis. Perhaps the most important limitation
of our study is the lack of data on histologic detection
of PLA2R or measurement of serum anti-PLA2R anti-
bodies. Emerging data suggest prognostic value to anti-
PLA2R in the follow-up and management of patients
with MN. Studies have demonstrated that decrease in
anti-PLA2R levels precedes clinical remission,28,29 and
that most patients who attain remission of proteinuria
also have marked reduction in anti-PLA2R levels.22,30,31

Limited data also suggest that reappearance of anti-
PLA2R may precede a relapse and that persistence of
anti-PLA2R before transplantation is associated with an
increased risk of subsequent relapse.32 Nevertheless,
the value of anti-PLA2R as a possible surrogate
Kidney International Reports (2020) 5, 706–717
endpoint in clinical trials has not been formally evalu-
ated, and awaits future prospective studies. In addition,
the prognostic value of anti-PLA2R levels do not apply
to patients with anti-PLA2R-negative MN.

Whether the results of our analysis of serum albu-
min at the time of remission are generalizable to other
proteinuric diseases, such as focal segmental glomer-
ulosclerosis, warrants investigation. This is particularly
pertinent in light of the recent analysis suggesting that
a different definition of proteinuria reduction may be a
better predictor of outcome in focal segmental
glomerulosclerosis.33

Our results indicate an added prognostic value of
including serum albumin achieved in the definition of PR
in MN. Whether NAPR is robust enough to be used as a
surrogate endpoint in clinical trials of MN warrants
formal prospective study. Future studies should consider
other potential markers of active disease inMN, especially
anti-PLA2R levels and anti-PLA2R target domains.28,31,33
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