LUPUS

SCIENCE &
MEDICINE"

To cite: Weeding E, Fava A,
Magder L, et al. One-third of
patients with lupus nephritis
classified as complete
responders continue to accrue
progressive renal damage
despite resolution of proteinuria.
Lupus Science & Medicine
2022;9:000684. doi:10.1136/
lupus-2022-000684

» Additional supplemental

material is published online only.

To view, please visit the journal
online (http://dx.doi.org/10.
1136/lupus-2022-000684).

This manuscript is based on
work presented at American
College of Rheumatology
Convergence 2021: 'One Third
of Lupus Nephritis Patients
Classified as Complete
Responders Continue to
Accrue Progressive Renal
Damage Despite Resolution of
Proteinuria’ (Abstract Number
1284), authored by EW, AF, DG
and MP.

Received 16 February 2022
Accepted 29 March 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Michelle Petri; mpetri@jhmi.
edu

One-third of patients with lupus
nephritis classified as complete
responders continue to accrue
progressive renal damage despite
resolution of proteinuria

Emma Weeding . Andrea Fava

Michelle Petri ® 1

ABSTRACT

Objective Treatment response in lupus nephritis (LN) is
defined based on proteinuria, yet protocol kidney biopsy
studies have shown that patients with lupus can have
active nephritis in the absence of proteinuria. Using
estimated glomerular filtration rate (€GFR) trajectories,
we characterised early chronic kidney disease in LN and
examined whether certain patients continue to accrue
renal damage despite proteinuric response.

Methods We conducted a single-centre study of patients
diagnosed with their first episode of biopsy-proven class ll,
IV, and/or V LN (n=37). For each patient, eGFR trajectory was
graphed over 5years following renal biopsy. Participants were
divided into those with progressive eGFR loss (eGFR slope
<-5 mL/min/1.73 m?/year) versus those with stable eGFR.
Participant demographics, renal biopsy features and response
status at 1year (urine protein to creatinine ratio <500 mg/g)
were compared between eGFR trajectory groups.

Results Overall, 30% (n=11) of participants accrued
progressive eGFR loss despite standard of care therapy

over the first 5years following renal biopsy. There were no
significant differences in baseline renal biopsy features,
medication regimens or comorbidities between eGFR
trajectory groups. Resolution of proteinuria at 1year did not
differentiate between groups: 6 of 18 (33%) of complete
responders continued to accrue renal damage compared with
5 of 17 (29%) of non-responders. Response status could not
be assigned for two participants in the stable eGFR group due
to missing clinical information at 1 year.

Conclusions We identified an understudied category of
patients with LN who accrue progressive renal damage
despite apparent response to standard of care therapy.
Better definitions and biomarkers of response are needed
to improve renal outcomes and trial design.

INTRODUCTION

Up to 40% of individuals with SLE with class
III, IV or V lupus nephritis (LN) will develop
irreversible renal impairment within their
lifetime." * Over 20 years of follow-up, at least
20% of those with SLE will develop end-stage
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Key messages

What is already known on this topic?

» Despite currently available therapies, chronic kidney
disease is common in lupus nephritis (LN) and, when
severe, is a strong predictor of mortality. Recent pro-
tocol renal biopsy studies have shown that protein-
uria may not accurately reflect disease activity for
certain patients.

What does this study add?

» This is the first study of estimated glomerular filtra-
tion rate (eGFR) trajectories in LN. Nearly one-third
of patients in this study experienced ongoing rapid
loss of eGFR despite standard of care therapy, and
proteinuric response at 1year did not predict eGFR
trajectory, with one-third of ‘responders’ continuing
to lose eGFR.

How might this impact clinical practice or future

research?

> Better biomarkers of LN treatment response are
needed to improve renal outcomes in clinical prac-
tice and to inform trial design.

renal disease (ESRD), which is the single
strongest predictor of mortality in lupus.‘% At
a population level, proteinuria is an impor-
tant biomarker of lupus disease activity in the
kidney. Proteinuria within the first year of SLE
diagnosis is a strong predictor of future ESRD,
and conversely, achievement of complete
proteinuric response (traditionally defined as
<0.5g/24 hours) after 1-2 years of LN therapy
is generally associated with improved renal
outcomes.*? Recently, however, it has become
increasingly appreciated that those with SLE
can have active class III, IV or V LN even in
the absence of proteinuria, active urinary
sediment or an abnormal estimated glomer-
ular filtration rate (eGFR).%"°
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It follows that traditional definitions of treatment
response in LN (based on proteinuria) may fail to
account for individuals who continue to have disease
activity in the kidney despite the resolution of protein-
uria and/or having a normal eGFR. We hypothesised that
some patients with LN might continue to accrue kidney
damage despite being classified as treatment responders
based on resolution of proteinuria. We sought to charac-
terise the early stages of chronic kidney disease (CKD)
in LN and assessed the ability of traditional prognostic
features such as renal biopsy class and proteinuria to
predict progressive renal damage.

Nearly all prior studies of long-term renal outcomes in
LN have focused on CKD definitions based on numerical
cut-offs for eGFR, for example, defining stage 3 CKD as
eGFR <60mL/min/1.73 m?. 130 Using these traditional
definitions, at least 5 if not more than 10 years of eGFR
loss are needed to develop this degree of renal injury. This
is inadequate to detect early stages of CKD, when inter-
vention is more likely to be successful. We thus assessed
eGFR slope, which the US Food and Drug Administra-
tion has recently accepted as a surrogate outcome for
CKD progression in clinical trials."" To our knowledge,
this work is the first cohort study to focus on early eGFR
trajectory in LN in this fashion.

METHODS

Study design

This study was an analysis of prospectively collected patient
data from the Hopkins Lupus Cohort. Patients in the
Hopkins Lupus Cohort are seen quarterly for physician
assessment of disease activity, laboratory tests including
renal function, and cardiovascular risk factors including
blood pressure measurement at each visit. Eligible partic-
ipants with LN were selected via review of stored cohort
data. All demographic and clinical data, as well as infor-
mation regarding selection and dosage of immunosup-
pressive therapy, were extracted from our cohort dataset.

Patient population

Patients with SLE who were diagnosed with their first
episode of renal biopsy-confirmed class III, IV, and/or
V LN through follow-up with the Hopkins Lupus Cohort
were identified for this study. Individuals were excluded if
their biopsy of interest was before 2004 (to reflect modern
outcomes) or if they had fewer than byears of follow-up
data available after biopsy. One patient was excluded due
to receiving a renal transplant within the first 5years after
biopsy. In total, 37 patients with class III, IV, and/or VLN
were included.

eGFR analysis and outcome assignment

For each patient, eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration formula'? at
each visit within the time frame of interest. eGFR slope
was calculated using linear regression across the eGFR
values over the Hyears of follow-up after each patient’s
biopsy. The first 90 days after biopsy were excluded from

this calculation so as to avoid acute effects. Participants
were then divided into those with progressive eGFR loss
(eGFR slope <-5 mL/min/1.73 m* per year) versus those
who maintained a stable eGFR (eGFR slope not meeting
the above threshold). This threshold for eGFR slope has
been used as a definition of rapid CKD progression per
Kidney Disease Improving Outcomes 2012 guidelines
and has been applied in similar studies of early CKD."
As for treatment response, complete renal response was
defined as proteinuria of less than 500mg (per random
urine protein:creatinine ratio or 24-hour urine protein
collection) at lyear after renal biopsy. Each participant
was categorised as either a complete responder or non-
responder based on this definition.

Statistical testing

Baseline demographics, renal biopsy features, immuno-
logical status, treatment regimen and comorbidities were
compared between eGFR trajectory groups using the
Student’s t-test, Wilcoxon rank-sum test or Fisher’s exact
test as appropriate.

Patient involvement in research
Patients were not involved in the design of the Hopkins
Lupus Cohort at the time of its inception 36 years ago.

RESULTS

eGFR trajectory analysis identified early CKD in one-third of
patients with LN

eGFR was graphed over time for each participant, with the
resulting trajectories shown in figure 1. Serum creatinine
was graphed over time in the same fashion with similar
results (not shown). Among these 37 participants diag-
nosed with their first episode of LN, 30% (n=11) accrued
progressive renal damage (eGFR slope <-5 mL/min/1.73
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Figure 1 Among patients with their first episode of LN,
30% exhibit progressive eGFR loss despite standard of
care treatment. Shown here are the eGFR trajectories of
participants who maintained a stable eGFR (left panel;
n=26) versus those who progressively lost eGFR (right
panel; n=11). Each line represents the eGFR values for one
participant over time. To facilitate comparison between
participant trajectories, eGFR values were normalised to each
participant’s pre-LN baseline eGFR (average eGFR from 3
to 12 months prior to biopsy). eGFR, estimated glomerular
filtration rate; LN, lupus nephritis.
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Table 1 Baseline or other early characteristics of the eGFR trajectory groups
eGFR trajectory group

Baseline characteristic Stable (n=26) Decline (n=11) P value
Sex, female 22 (85) 10 (91) 1.0
Race, black 20 (77) 6 (55) 0.24
Age at biopsy, years 31.9 (10.7) 37.7 (10.6) 0.14
BMI 26.7 (4.3) 28.5(7.2) 0.34
eGFR, mL/min/1.73 m? 111 (34) 115 (26) 0.77
Proteinuria (semiquant), mode 1+ 1+ 1.0
LN class, any proliferative 20 (77) 9 (82) 1.0
Activity index, median (IQR)* 5 (4-6) 4 (2-6) 0.47
Chronicity index, median (IQR)* 3(2-3) 2 (1-3) 0.41
dsDNA, positive 18 (69) 9 (82) 0.69
C3, mg/dL 76 (31) 71 (28) 0.60
C4, mg/dL 14 (7) 11(7) 0.37
RVVT >40s 6 (23) 109 0.65
IgG aCL, positive 14) 0(0) 1.0
IgM aCL, positive 0(0) 0(0) 1.0
IgA aCL, positive 14) 0(0) 1.0
Hydroxychloroquine use at time of biopsy 23 (88) 9 (82) 0.62
Maximum prednisone dose, mg/kgt 0.31 (0.33) 0.39 (0.28) 0.48
Induction therapy, MMF 20 (77) 9 (82) 1.0
ACEIi/ARB usage after renal biopsy

Started within 3 months 13 (50) 5 (45) 1.0

Any exposure over 5 years 20 (77) 10 (91) 0.65
History of hypertensiont 8 (31) 4 (36) 1.0
History of diabetest 0(0) 0(0) 1.0

Unless otherwise noted, values shown are the mean (SD) or number (per cent).

*Activity and chronicity indices were available for 20 of 37 participants.
TMaximum dose within the first year after biopsy.

FPrior to diagnosis of LN. No patients developed diabetes within the first year after biopsy.
ACEi, ACE inhibitor; aCL, anti-cardiolipin (antibody); ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration
rate; LN, lupus nephritis; MMF, mycophenolate mofetil; RVVT, Russell’s viper venom time.

m?® per year) despite standard of care therapy over the
first 5years following renal biopsy.

The distribution of eGFR slopes is shown in online supple-
mental figure 1. All participants included had at least 5years
of follow-up data available, and only these first 5years of data
were used to calculate eGFR slope. On average, 18 observa-
tions of eGFR per participant were available and included in
the eGFR slope calculation. Only one participant had fewer
than five clinic visits during the 5-year follow-up period. Prior
to developing LN, the majority of participants (78%, n=29)
had a normal eGFR of >90mL/min/1.78 m* Five partici-
pants had stage 2 CKD (eGFR 60-90mL,/min/1.73 m?)
at baseline, two had stage 3A (eGFR 45-59mL/min/1.73
m?), and one had stage 3B CKD with an eGFR of 44 mL/
min/1.73 m®.

Baseline clinicodemographic characteristics were similar in
patients with stable or declining eGFR

Participant demographics, renal biopsy features, baseline
immunological status, treatment regimen and pertinent
comorbidities in the two eGFR trajectory groups are

summarised in table 1. None of these baseline features
independently predicted the likelihood of eGFR stability
versus decline. Specifically, sex, race, age or body mass
index did not associate with eGFR trajectory group. The
mean pre-LN eGFR was >100mL/min/1.73 m? in both
groups. Histological features were similar: 77% and 82%
of participants had some component of proliferative LN
in the stable and declining eGFR group, respectively,
and activity and chronicity indices were also comparable.
Serological autoantibody status, such as prevalence of
anti-dsDNA positivity, was also not different between the
eGFR trajectory groups.

Treatment with hydroxychloroquine, mycophenolate
mofetil (vs otherimmunosuppressive therapy), ACE inhib-
itors or angiotensin II receptor blockers and maximum
prednisone dose did not associate with eGFR stability
versus decline (table 1). Finally, there was no significant
difference in the prevalence of pre-existing hypertension
or diabetes mellitus between the eGFR groups. Further-
more, none of these participants developed diabetes
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Table 2 Comparison of eGFR trajectory groups with
respect to blood pressure (BP) measured at various points in
time after renal biopsy

eGFR trajectory group

Timing of BP measure Stable Decline

after biopsy (n=26) (n=11) P value
First BP measure*, SBP  126.8 131.0 0.43
mm Hg DBP  76.0 78.2 0.61
Mean BP over first SBP  124.9 130.4 0.24
25yearst, mMmHg  pgp 74 1 77.7 0.26
Mean BP overall5 SBP 123.4 130.5 0.16
LS U 1 DBP  72.9 778 0.16

*P values based on a two-sample t-test.

TP values and estimates based on a mixed effects model to
account for multiple measures from the same patient.

DBP, diastolic BP; eGFR, estimated glomerular filtration rate;
SBP, systolic BP.

mellitus within the first year of LN treatment. As diabetic
nephropathy generally only develops several years after
a diabetes mellitus diagnosis,14 this likely did not have a
significant impact on eGFR in either group.

Blood pressure control was examined in greater detail
as shown in tables 2 and 3, again with no clear differ-
ences between the eGFR trajectory groups. Mean blood
pressures at baseline and during follow-up were similar
between the eGFR groups. Blood pressure variability was
numerically higher in the eGFR decline group, with a
mean within-person SD of 14.5mm Hg vs 10.2mm Hg
in the stable eGFR group (p=0.068). This is nevertheless
difficult to interpret, as decreased eGFR itself may lead
to higher or more variable blood pressures,15 and indeed
the directionality of the causal relationship between
increased blood pressure and reduced eGFR is generally
difficult to determine for this reason. Regardless, there
did not appear to be a profound association between
blood pressure and eGFR trajectory group in this study.

Proteinuric response at 1 year did not predict early CKD

Proteinuric response status was determined for each
participant as described in the Methods section. Response
status at lyear did not differentiate between the eGFR

Table 3 Comparison of eGFR trajectory groups with
respect to blood pressure variability

Mean within-person SD by

eGFR trajectory group

Stable
Blood pressure (n=26) Decline (n=11) P value
SBP, mm Hg 10.2 14.5 0.068
DBP, mm Hg 7.5 8.3 0.50

The p values listed are based on a two-sample t-test comparing
the mean within-person SD.

DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; SBP, systolic blood pressure.

3

trajectory groups (table 4). Notably, 55% of participants
with progressive eGFR loss (n=6 of 11) would have been
classified as complete responders, traditionally viewed as
low risk for ongoing renal damage, based on <600 mg/g
urine protein at 1year after biopsy. Among all complete
responders at 1year, 33% continued to accrue significant
renal damage despite standard of care therapy (n=6 of
18). These results were unchanged when we repeated this
analysis using a slightly relaxed threshold of <700 mg/g
urine protein as the definition of response. Three addi-
tional participants would be classified as responders per
this threshold, where two maintained a stable eGFR, and
one experienced progressive eGFR loss. Thus, again, 33%
of responders (n=7 of 21) experienced eGFR loss despite
proteinuric response. In the eGFR decline group, 64%
would be classified as responders (n=7 of 11) compared
with 58% (n=14 of 24) responders in the stable eGFR
group (p=1.0).

Serum albumin and the presence of active urine sedi-
ment (ie, >bred blood cells per high-power field and/or
presence of cellular casts) at lyear also did not signifi-
cantly differ between the eGFR trajectory groups. After
1year, the mean serum albumin was 3.7 g/dL in the stable
eGFR group vs 3.6g/dL in the declining eGFR group
(p=0.67). Active urine sediment was present in 20% (n=5
of 25; one patient had missing urine microscopy) of the
stable eGFR group vs 0% (n=0 of 11) of the declining
eGFR group (p=0.30).

DISCUSSION

We have identified an understudied category of patients
with their first episode of LN who accrue progressive
renal damage despite apparent response to standard of
care therapy. Specifically, roughly half of the participants
in this study with a worrisome eGFR trajectory would
be misleadingly classified as complete responders after
lyear of treatment based on resolution of proteinuria.
These findings indicate that definitions of LN treatment
response which are based on proteinuria can fail to iden-
tify many patients who continue to accrue renal damage
despite treatment. To our knowledge, this work is the first
to examine trajectories of early progression of CKD in LN
and to de-couple this analysis from proteinuria.

We incidentally noted a subacute decline in eGFR in
many patients during the 3months leading up to their
renal biopsy, which then rapidly improved to near pre-LN
baseline with treatment as shown in figure 1 (note the
week 0 time point). To our knowledge, this is the first
published account of this phenomenon. This finding is
also potentially relevant to clinical trial design, where
definitions of treatment response may also be based on
the preservation of eGFR assessed at the time of renal
biopsy. If a patient’s eGFR is transiently reduced at the
time of biopsy, then this measurement is not a true base-
line eGFR, and thus not an accurate goal or metric for
renal recovery.
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Table 4 Response status (based on proteinuria <500 mg/g) at 1year per eGFR trajectory group

eGFR trajectory group
Response status at 1 year Stable Decline
Responder 12 6 33% with eGFR decline
Non-responder 12 5 29% with eGFR decline

50% classified as responders

55% classified as responders

Resolution of proteinuria at 1year did not associate with eGFR trajectory (p=1.0).
Response status could not be assigned for two participants in the stable eGFR group (excluded from this table) due to missing clinical

information at 1 year.
eGFR, estimated glomerular filtration rate.

We were not able to identify any clear predictors of
early renal decline (after biopsy) based on demographics,
immunological status, renal biopsy features, immunosup-
pressive treatment regimen or relevant comorbidities.
This is at odds with traditional views of poor prognostic
factors in LN such as proliferative features on biopsy,
activity or chronicity indices, and race,' though it is
possible that any associations between these prognostic
factors and renal outcome are present but much weaker
than expected, and thus were not detected in this study
given the relatively small sample size. As the vast majority
of outcome studies in LN have been based on eGFR cut-
offs rather than slope, these factors may still be mean-
ingful with respect to informing which patients will go
on to develop ESRD, but do not appear to consistently
identify those with rapid eGFR decline early after diag-
nosis (that is, those with a significant loss in eGFR but not
reaching ESRD) despite appropriate immunosuppressive
therapy.

We acknowledge that proteinuria remains an important
biomarker in current clinical practice. At the population
level, proteinuria is still generally successful at risk strat-
ifying which patients will progress to severe CKD, espe-
cially ESRD.*” Follow-up analyses of both the MAINTAIN
Nephritis Trial'® and the Euro-Lupus Nephritis cohort’
determined that proteinuria of <700-800mg/g after 12
months of treatment was generally predictive of a positive
long-term renal outcome, defined as a serum creatinine
of <1.0mg/dL after 7years in these studies. The sensitivity
and specificity of this proteinuria threshold in predicting
a positive long-term outcome were 70%-80% in both
cohorts. While this demonstrates the broad prognostic
ability of proteinuria, it also indicates that there were a
significant portion of patients for whom reduced protein-
uria did not portend long-term renal protection or vice
versa. This is conceptually consistent with the results
of our work and likewise highlights the limitation of
proteinuria as a metric of treatment success for any given
individual. It is additionally worth noting that a serum
creatinine of 1.0 mg/dL would represent a 20%-30% loss
of eGFR for most young women who start with an eGFR of
>100 pre-LN, as in the patients in this study.

Our work complements prior studies which used
protocol kidney biopsies in LN, which have shown that
proteinuria can be absent in the presence of active renal

histology (or vice versa). Wakasugi et al performed renal
biopsies on nearly 200 patients with lupus with and without
clinical renal involvement, which was defined as protein-
uria >400mg/g, active urinary sediment, and/or eGFR
<67mL/min/1.73 m? in their analysis.6 They discovered
that up to 20% of cases of class III, IV and V LN diag-
nosed on biopsy were entirely clinically silent based on
the criteria above. More recently, De Rosa et al performed
per protocol renal biopsies on a subset of patients with LN
who had been in renal remission for at least 12 months.”
Persistent histological activity was present in 44% of
these participants (despite resolution of proteinuria),
and the activity index on biopsy could accurately predict
which participants would experience a renal flare when
immunosuppression was tapered. Malvar e/ al similarly
identified a discordance between clinical and histolog-
ical features in patients with proliferative LN: one-third
of patients with clinical response had persistently high
histological activity, and roughly two-thirds of patients in
histological remission would still be considered clinically
active based on the presence of proteinuria.®

CKD progression in patients with proteinuric
response may be secondary to persistent intrarenal
inflammation,®? profibrotic processes'® or other mech-
anisms not yet discovered. We speculate that specific
urinary proteins that correlate with intrarenal inflam-
mation or active fibrosis-rather than the total amount
of protein in the urine—could potentially be superior
predictors of the development of CKD in LN.""*’ Urine
proteomic biomarkers of intrarenal matrix remodel-
ling and inflammation can successfully detect early
CKD in various other nephropathies and predict risk
of CKD progression in diabetic nephropathy.*’™ Good
et al identified 273 urinary peptides which characterise
individuals with CKD secondary to various aetiologies
(including SLE in roughly 10% of participants).** This
multidimensional biomarker, called CKD273, was then
validated for the diagnosis of CKD (blinded to aeti-
ology) in two independent cohorts®* * and has been
found to be superior to urinary albumin in predicting
early and/or progressive CKD in diabetes mellitus in
multiple follow-up studies.”' ™ The discovery of a similar
biomarker panel in LN could (1) guide early identifica-
tion and personalised treatment of patients at high risk
of progressive CKD despite immunosuppression, and
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(2) identify potential novel targets in the treatment of
LN overall.

Several agents which are effective at slowing eGFR
decline are already available and might prove particularly
useful in high-risk patients with LN. It has already been
demonstrated that belimumab can slow eGFR decline
in patients with LN as compared with standard therapy
alone.” #’ It was also recently shown that dapagliflozin,
a sodium-glucose cotransporter 2 inhibitor, reduces the
composite risk of sustained eGFR decline, ESRD, or
death from a renal or cardiovascular cause in a general
population with CKD, although individuals with LN were
excluded.” Specific treatments for APOLI-associated
renal disease are not yet available, though may be in the
near future.” Genetic variants in APOLI have been asso-
ciated with an increased risk of CKD in those with African
ancestry, both in the general population and among those
with LN, *" and targeted therapeutics along these lines
might be of particular benefit for many black patients
with LN.

There are several limitations to this study. This was a
single-centre study with a relatively small sample size,
though we intentionally focused only on patients diag-
nosed with their first episode of LN so as to minimise
confounding factors and more clearly identify patterns in
eGFR trajectory. This small sample size may have limited
the ability to detect differences in features of interest (eg,
demographics, biopsy features) between eGFR trajectory
groups. We were also unable to assess genetic risk factors
such as APOLI (see above). APOLI genotyping has been
performed on a subset of African-American patients in
the Hopkins Lupus Cohort,” but unfortunately these
data were only available in two of the participants in the
eGFR decline group, and thus we could not pursue a
meaningful investigation into this factor.

Nevertheless, we believe that this work demonstrates
that traditional metrics of renal response (namely
proteinuria) may be falsely reassuring for certain indi-
vidual patients. Our results also indicate that such patients
may be relatively common, with one-third of proteinuric
responders developing progressive renal decline in this
cohort. Overall, these results suggest that better defini-
tions and biomarkers of renal response in LN are needed
to improve long-term renal outcomes and trial design.
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