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Management of Lupus Nephritis: New Treatments and
Updated Guidelines

Rupali Avasare ,1 Yelena Drexler ,2 Dawn J. Caster,3 Alla Mitrofanova ,2 and J. Ashley Jefferson4

Management of lupus nephritis has evolved considerably over the past years. Here, we provide a comprehensive
review of clinical trials that form the basis for the Kidney Disease: Improving Global Outcomes and EULAR/ERA-
EDTA updated guidelines and present day trials that will change the landscape of lupus nephritis therapy in years
to come. In addition, we highlight the issues related to cost of therapy, resistant disease, and downstream adverse
effects of specific therapies.
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Introduction
Lupus nephritis (LN) occurs in approximately 40% of
patients with SLE, with 5%–15% of these patients
progressing to ESKD within 10 years.1,2 Risk fac-
tors for progressive kidney disease include clinical
parameters (proteinuria, glomerular filtration rate,
complement levels, anti-dsDNA titer, presence of anti-
phospholipid antibodies), kidney biopsy classification
(including measures of activity and chronicity), and
nonadherence to therapy.3–6 Proteinuria is currently
the best clinical prognostic biomarker, with studies
indicating that a cutoff of 0.7–0.8 g/24 hours at 1 year
is predictive of a good long-term renal prognosis.7

More recently, studies have investigated the associa-
tion of novel biomarkers with kidney disease progres-
sion (see Emerging Biomarkers below).

There has also been significant progress in identify-
ing antigenic targets within the kidney, which differ
according to the histopathologic classification andmay
also correlate with prognosis. Anti-dsDNA and antihi-
stone antibodies with an IgG2 isotype and antibodies
to annexin A1 and a-enolase have been associated
with proliferative LN.8,9 In membranous LN, exostosin
1 and 2 antigens have been identified in approximately
30% of subjects and are associated with a better
prognosis.10–12 Other newly identified antigens in
membranous LN include neural cell adhesion mole-
cule 113 and TGF-b receptor 3 (TGFbR3).14

These new molecular insights into LN provide hope
that better and more specific therapies for LN are on the
way. Here, we review current standard-of-care (SOC)
therapies, newly US Food and Drug Administration
(FDA)–approved drugs, and select ongoing clinical

trials (Figure 1). We highlight special considerations
for treatment in non-European populations, cost-utility
analyses of current treatment options, and important
high-risk medication monitoring strategies.

Current Practice and Review of Updated
Guidelines
LN therapy has evolved considerably since the early

1950s when glucocorticoids (GCs) were the mainstay
of treatment. In the 1970s to early 1990s, therapy with
cyclophosphamide (CYC) showed improved out-
comes compared with GCs alone. In a landmark
1992 National Institutes of Health (NIH) LN study,
long-term CYC (2 years’ duration) was associated with
stable kidney function in 85% of participants com-
pared with 65% with short-term CYC (6 months’ du-
ration) and 52% with GCs alone.15,16 Notably, the NIH
study population was high risk, with 64% having
kidney function impairment at study entry. As screen-
ing improved, facilitating the detection of kidney dis-
ease earlier in the SLE course, a more tolerable CYC
regimen for LN was needed. In 2002, the Euro-Lupus
Nephritis Trial investigated the treatment of prolifer-
ative LN in a European population with low-dose
intravenous (IV) CYC (500 mg q2 weeks for six doses)
versus high-dose IV CYC (0.5 g/m2 of body surface
area, up to a maximum of 1500 mg/dose, every 4
weeks for six doses followed by two quarterly pulses)
followed by azathioprine (AZA) in both treatment
arms.17 There was no difference in treatment failure
between groups after approximately 3.5 years of
follow-up; furthermore, 71% of patients in the low-

1Nephrology and Hypertension, Oregon Health & Science University School of Medicine, Portland, Oregon
2Katz Family Division of Nephrology and Hypertension, Department of Medicine, University of Miami Miller School of Medicine,
Miami, Florida
3Division of Nephrology and Hypertension, University of Louisville School of Medicine, Louisville, Kentucky
4Division of Nephrology, University of Washington, Seattle, Washington

Correspondence: Dr. Rupali Avasare, Oregon Health & Science University School of Medicine, Nephrology and Hypertension, 3181 SW
Sam Jackson Park Road, Portland, OR 97239. Email: avasare@ohsu.edu

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Society of Nephrology. This is an
open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in
any way or used commercially without permission from the journal.

www.kidney360.org Vol 4 October, 2023 1503

https://orcid.org/0000-0001-8432-2186
https://orcid.org/0000-0001-8563-4608
https://orcid.org/0000-0001-5065-9522
https://doi.org/10.34067/KID.0000000000000230
mailto:avasare@ohsu.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.kidney360.org


dose group compared with 54% in the high-dose group
achieved renal remission, and approximately 30% in each
group had progressive kidney disease. The 10-year long-
term outcomes confirmed that the low-dose regimen fol-
lowed by AZA did not differ from the high-dose group
regarding death, doubling of serum creatinine, and ESKD.18

Low-dose IV CYC has been investigated in non-European
populations, with similar results.19–21

In the late 1980s, mycophenolic acid (MPA), an inhibitor
of inosine monophosphate dehydrogenase, and its prodrug,
mycophenolate mofetil (MMF), gained popularity as an
effective and tolerable antirejection medication in solid
organ transplant recipients. In 2000, the Hong Kong-
Guangzhou Nephrology Study Group showed that induc-
tion therapy with MMF in combination with prednisolone
resulted in similar rates of remission compared with oral
CYC and prednisolone (81% versus 75%, P 5 1.0) and that
MMF was associated with numerically fewer side effects.22

A larger, open-label, noninferiority trial comparing MMF
with monthly IV CYC (0.5–1.0 g/m2) for induction therapy
showed that MMF was noninferior to IV CYC and in fact
more effective in inducing complete remission.23 This was
followed by the Aspreva Lupus Management Study
(ALMS) trial in 2009 that compared MMF versus high-
dose IV CYC in a multinational, multiethnic cohort and
showed no difference in remission induction between the
two groups (53% with IV CYC versus 56% with MMF,
P 5 0.58).24 In 2011, the ALMS study group published their
36-month, randomized, controlled trial comparing MMF
with AZA for maintenance therapy and found that MMF

was superior to AZA for the primary end point of time to
treatment failure (16.4% with MMF versus 32.4% with
AZA).25 The MAINTAIN Nephritis trial, an investigator-
initiated study, also investigated AZA versus MMF for
maintenance therapy and found no statistically significant
difference in the primary outcome of time to renal flare.26

On the basis of the findings from these studies, the 2011
Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines recommended first-line induction therapy for
LN classes III and IV with either CYC or mycophenolate
and maintenance therapy with AZA or MMF and low-dose
oral corticosteroids (category 1B recommendation).27

The role of calcineurin inhibitors (CNIs) in lupus has been
largely in combination with other SOC therapy. Zhang et al.
showed that multitarget therapy consisting of tacrolimus
(4 mg/d), MMF (1 g/d), and GCs was superior to IV CYC
with GCs as induction therapy for LN in a predominantly
Chinese population (complete remission of 45.9% versus
25.6%, P , 0.001).28 The follow-up maintenance study
compared multitarget therapy consisting of tacrolimus
(2–3 mg/d), MMF (0.5–0.75 g/d), and prednisone
10 mg/day with AZA and prednisone (10 mg/d) and
demonstrated similar primary outcome of renal relapse
rates (5.4% versus 7.6%, P 5 0.74), but significantly more
adverse events in the AZA versus multitarget group (44.4%
versus 16.4%, P , 0.01).29

Rituximab, a chimeric anti-CD20 monoclonal antibody,
has been investigated in combination with MMF for in-
duction treatment of proliferative LN (Lupus Nephritis
Assessment with Rituximab, LUNAR trial) and as a
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steroid-sparing agent (RITUXILUP study).30,31 The LUNAR
trial was a randomized, double-blind, placebo-controlled
phase III trial that compared rituximab (1000mg q2 weeks
at months 0 and 6) and MMF with placebo and MMF and
did not show a significant difference in renal response at 52
weeks between groups (56.9% versus 45.8%, P 5 0.18).30

RITUXILUP, a single-center, prospective, observational
study of rituximab in 50 consecutive patients with LN class
III, IV, or V, suggested that steroid avoidance is safe in those
who received rituximab, preparing the way for larger,
randomized, and placebo-controlled studies.31

A 2018 Cochrane review of 74 studies (67 on induction
therapy and nine on maintenance therapy) concluded that
MMF provides equivalent disease remission compared with
IV CYC and may avoid drug-related toxicity, supporting its
use as first-line induction therapy. For maintenance therapy,
although AZA is associated with higher risk of disease re-
lapse compared with MMF, the differential effect on ESKD
andmortality is unclear due to very low-certainty evidence.32

On the basis of these studies, the 2019 EULAR/ERA-
EDTA guidelines33 recommend treatment of active class III
or IV LN with induction therapy consisting of either MMF/
MPA or low-dose IV CYC as first-line agents alongside
GCs. Notably, lower-dose steroids may be as efficacious as
higher dose; thus, the task force recommends a total IV
methylprednisolone dose of 500–2500 mg followed by oral
prednisone at 0.3–0.5 mg/kg per day, with a reduction to
#7.5 mg/d by 3–6 months. For maintenance therapy, the
task force recommends MMF in those who received MMF
for induction and either MMF or AZA in those who re-
ceived IV CYC for induction. Length of therapy should take
into account the specific clinical situation, although the task
force highlights that longer duration of therapy (5–6 years)
and longer duration of remission were associated with
lower frequency of relapses.
Similarly, the 2021 KDIGO glomerular disease guide-

lines34 recommend that in patients with active class III or
IV LN, either low-dose IV CYC or MMF in conjunction with
GCs is used for induction therapy. Recognizing that lower-
dose GCs may be as effective as higher-dose GCs, KDIGO
provides example GC regimens with an option of standard,
moderate, or reduced dose schemes (discussed below). For
maintenance, KDIGO now recommends MMF over AZA
and includes a practice point on duration that recommends
no ,36 months of therapy.
For pure class V LN, KDIGO 2021 glomerular disease

guidelines recommend renin–angiotensin system blockade
for all patients and immunosuppressive therapy for those
with nephrotic syndrome, extrarenal manifestations of SLE,
or complications of proteinuria, such as thrombosis, edema,
or dyslipidemia.35 This is in contrast to the EULAR/ERA-
EDTA guideline recommendation for immunosuppression
in patients with class V LN and either nephrotic syndrome
or proteinuria .1 g/d, despite antiproteinuric therapy for a
reasonable period (.3 months).33 All classes of LN are
additionally managed with hydroxychloroquine per clinical
practice guidelines.33,34

New to Practice
Belimumab is a monoclonal antibody that inhibits soluble

human B-lymphocyte stimulator and was approved in 2011

for use in active SLE without severe renal or central nervous
system involvement on the basis of two phase 3 clinical
trials.36–38 This was followed by approval in December 2020
for the treatment of adults with active LN receiving stan-
dard therapy, representing the first FDA-approved therapy
for active LN.
In the 2-year phase 3 Belimumab International Study in

Lupus Nephritis (BLISS-LN), patients with active class III or
IV (6class V) or pure class V LN (eGFR $30 ml/min per
1.73 m2 and urine protein to creatinine ratio $1 g/g) were
randomized to receive IV belimumab 10 mg/kg or placebo
on a background of SOC therapy.39 SOC therapy consisted
of CYC-AZA (IV CYC 500 mg every 2 weeks for six infu-
sions followed by maintenance AZA at a target dose of
2 mg/kg per day) or MMF (at a target dose of 3 g/d for
6 months followed by 1–3 g/d for the duration of the study)
on the basis of the Euro-Lupus Nephritis Trial and ALMS,
respectively.17,25 The BLISS-LN trial met its primary end
point, with significantly more patients achieving a primary
efficacy renal response with belimumab than placebo at
week 104 (43% versus 32%; P 5 0.03) as well as its major
secondary end point of a complete renal response (CRR; 30%
versus 20%; P 5 0.02). Furthermore, the risk of subsequent
lupus flares was reduced (14% versus 26%), and the risk of a
renal-related event or death was nearly 50% lower with
belimumab compared with standard therapy alone (hazard
ratio, 0.51; 95% confidence interval [CI], 0.34 to 0.77;
P 5 0.001). Post hoc analysis did not show a benefit in
the group with pure class V LN, although numbers were
smaller (n 5 72).39

Voclosporin is a novel CNI that has structural similarity
to cyclosporin but contains a single amino acid substitution,
resulting in increased calcineurin binding and a superior
adverse effect profile compared with other CNIs. This
includes a lower incidence of new-onset diabetes compared
with tacrolimus and less risk of hypertension or nephro-
toxicity at the lower doses required to produce calcineurin
inhibition.40 Furthermore, voclosporin has a more predict-
able pharmacokinetic profile, eliminating the need for ther-
apeutic drug-level monitoring and does not affect systemic
MPA exposure, in contrast to cyclosporine, which can de-
crease the MPA area under the curve by approximately 40%
due to a clinically significant drug–drug interaction.41,42

Voclosporin received FDA approval in January 2021 on
the basis of the phase 3 AURORA-1 (Aurinia Renal Re-
sponse in Active Lupus With Voclosporin) and phase 2
Aurinia Urinary Protein Reduction Active—Lupus With
Voclosporin trials, representing the first oral therapy ap-
proved for LN.43,44 In the 1-year AURORA trial, patients
with active class III or IV (6class V) or pure class V LN,
eGFR .45 ml/min per 1.73 m2, and urine protein to
creatinine ratio $1.5 mg/mg ($2 mg/mg if pure class V
LN) were randomized to receive oral voclosporin 23.7 mg
twice daily or matching placebo for 52 weeks. All patients
received SOC with MMF at a total daily dose of 2 g (doses
up to 3 g/d required approval of the medical monitor)
and a lower dose GC protocol. Significantly more patients
in the voclosporin group than in the placebo group met the
primary end point of a CRR at week 52 (41% versus 23%;
odds ratio 2.65, 95% CI: 1.64 to 4.27; P , 0.0001) with a
similar adverse event profile. In addition to its immuno-
suppressive effects, voclosporin also exerts hemodynamic
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and direct podocyte antiproteinuric effects, leading to a
rapid reduction n proteinuria.45 There was an expected,
mild early eGFR reduction in the voclosporin group, but
after this, eGFR remained stable for the study duration,
with low rates of study drug discontinuation due to eGFR
decrease in both the voclosporin and control arms.
The results of these studies also highlight the increasing

use of reduced doses of GCs in the management of LN.
Such regimens that use a lower starting dose and/or a more
rapid GC taper are aimed to minimize the risk of side effects
associated with high cumulative GC exposure. This ap-
proach is supported by the dual effect of GCs, which
manifest anti-inflammatory and immunosuppressive effects
via both genomic and nongenomic mechanisms.46 Thus, IV
methylprednisolone pulses (up to a cumulative dose of
1–1.5 g) can rapidly induce both anti-inflammatory and
immune effects, followed by reduced dose GCs to maintain
immunosuppression. In the phase 3 AURORA-1 trial, pa-
tients received IV methylprednisolone once daily on days 1
and 2 (0.5 g/d for patients.45 kg and 0.25 g/d for patients
,45 kg) followed by a rapid taper of oral prednisone
starting with 20–25 mg/d and reaching 2.5 mg/d at
week 16.44 A retrospective analysis of 63 propensity-
matched pairs of patients from the control arm of the phase
2 Aurinia Urinary Protein Reduction Active—Lupus With
Voclosporin trial and both arms of the ALMS trial demon-
strated similar efficacy and safety comparing conventional
high-dose GCs and a lower-dose regimen, with fewer gas-
trointestinal side effects with lower-dose GCs.47 Similarly,
the MyLupus prospective open-label study of patients with
proliferative LN treated with mycophenolate suggested
that reduced-dose GCs are noninferior to standard dose
regimens.48 Both the 2019 EULAR/ERA-EDTA and 2021
KDIGO guidelines recommend that a regimen of reduced
dose GCs after a short course of IV methylprednisolone
pulses be considered during the initial treatment of active
LN.33,34 In the KDIGO guideline, the reduced dose regimen
consists of 0.25–0.5 g/d of IV methylprednisolone pulses for
up to 3 days, followed by 0.5–0.6 mg/kg of oral prednisone
(maximum 40 mg) per day, which is then tapered to
#7.5 mg/d by 3 months and to #2.5 mg/d by 6 months.34

The EULAR guideline emphasizes the use of IV methyl-
prednisolone pulses and early initiation of immunosuppres-
sive agents to facilitate tapering oral prednisone to
#7.5 mg/d and the eventual discontinuation of GCs.33

The increasing use of combined immunosuppressive regi-
mens (i.e., belimumab with either MMF or low-dose CYC or
CNI with mycophenolate) can further facilitate the early
withdrawal of GCs and minimize the toxicities associated
with high cumulative GC exposure.

Ongoing Clinical Trials
Multiple immune pathways are implicated in LN, allow-

ing for different treatment targets for emerging therapies.
These include novel therapies targeting B cells, T cells, type
1 IFN-1, the complement system, and the immunoprotea-
some. Novel therapies are typically evaluated as “add-on”
therapies to SOC regimens that include corticosteroids in
combination with MMF or CYC.
B-cell–directed therapies have had mixed success in LN

as demonstrated in the LUNAR trial, RITUXILUP study,

and BLISS-LN trial. As noted above, the LUNAR trial
failed to demonstrate increased efficacy with the addition
of rituximab to SOC, but peripheral B-cell depletion may
have been suboptimal, whereas the RITUXILUP study
suggested a possible role for rituximab as steroid-sparing
therapy when combined with MMF.30,31 As discussed,
BLISS-LN demonstrated increased efficacy over SOC
therapy.39 Obinutuzumab, a fully humanized anti-CD20
antibody that more potently depletes B cells, demonstrated
higher renal response rates when added to SOC compared
with SOC alone in the NOBILITY phase 2 clinical trial.49 The
REGENCY trial is an ongoing phase 3 clinical trial to further
evaluate obinutuzumab in active proliferative LN (class III
or IV6class V) with primary completion expected in 2024
(NCT04221477).
The AURORA-2 continuation study was designed to

assess long-term safety and tolerability of the combination
of voclosporin, MMF, and low-dose GCs over an additional
2 years of treatment after completion of AURORA-1
(NCT03597464). Preliminary results from the completed
study indicate that voclosporin was well-tolerated, eGFR
remained stable throughout the study, and the significant
reductions in proteinuria achieved in AURORA-1 were
maintained.50

Novel therapies directed at T cells include secukinumab, a
monoclonal antibody against IL-17A, and guselkumab, a
monoclonal antibody against IL-23, both proinflammatory
T-cell cytokines. Secukinumab and guselkumab are both
FDA-approved for use in psoriasis and psoriatic arthritis.
The SELUNE trial is an ongoing phase 3 trial to evaluate
secukinumab on top of SOC in active proliferative LN
(NCT04181762). The ORCHID-LN trial is an ongoing phase
2 trial evaluating guselkumab in patients with active LN
(NCT04376827).
Patients with SLE often have elevated levels of IFN-I and

increased expression of IFN-stimulated genes (known as the
IFN signature), which have been associated with disease
activity, making IFN-I a logical target in SLE.51–53 In 2021,
anifrolumab, a monoclonal antibody targeting the IFN-1
receptor, IFNAR1, became FDA-approved for the treatment
of SLE. The phase 2, randomized, placebo-controlled
TULIP-LN trial evaluated anifrolumab for the treatment
of active LN and included a lower-dose (“basic”) regimen,
intensified dosing, and placebo arm (with standard therapy
consisting of MMF and GCs).54 Although the trial failed to
meet the primary end point, patients in the intensified
treatment arm achieved numerically higher response
rates.54 Notably, the lower-dose regimen was associated
with a suboptimal anifrolumab exposure (approximately
50% lower than in nonrenal SLE) and lower IFN gene
signature neutralization, possibly due to higher drug clear-
ance associated with proteinuria in active LN versus non-
renal SLE. This suggests that patients with active LN may
require the intensified (higher dose) anifrolumab regimen to
attain serum exposure similar to what is observed in pa-
tients with SLE without active LN and to achieve clinically
meaningful responses in renal end points. The IRIS study is
an ongoing phase 3 study evaluating intensified anifrolu-
mab dosing in proliferative LN and is expected to have
primary completion in 2025 (NCT05138133).
The complement system includes three activation path-

ways (the classical, alternative, and lectin pathways), and
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all three have been implicated in LN.55–57 Multiple com-
plement inhibitors are currently being studied as adjunctive
therapy to SOC, including ravulizumab, a monoclonal an-
tibody targeting C5 (NCT04564339); iptacopan, an oral in-
hibitor of Factor B (NCT05268289); and ALXN2050, an oral
inhibitor of Factor D (NCT05097989).
Finally, the immunoproteasome, a special class of pro-

teosome predominantly expressed in immune cells, is a
novel target for autoimmune disorders.58 A phase 2 study
evaluating the addition of the immunoproteasome inhibitor
KZR-616 is ongoing (NCT03393013) (Table 1).

Special Considerations
Racial and Ethnic Background
Clinical outcomes according to discrete race and ethnicity

categories are fraught with limitations because of misclas-
sification and an underappreciation for race and ethnicity
as a social construct. With this in mind, an analysis of the
ALMS trial using self-reported race and ethnicity found that
MMF versus IV CYC response rates were similar in Asian
andWhite patients, but among patients in a combined other
and Black groups, 60.4% responded to MMF versus 38.5%
to IV CYC (odds ratio 2.4; 95% CI, 1.1 to 5.4, P 5 0.03).59 A
post hoc analysis showed that among Hispanic patients,
60.9% responded to MMF versus 38.3% to IV CYC (odds
ratio 2.5; 95% CI, 1.2 to 5.1; P 5 0.011).
AURORA included a racially and ethnically diverse pop-

ulation, including 32% Hispanic and 15% Black patients.
While not powered to detect statistically significant differ-
ences between subgroups, a post hoc analysis demonstrated
similar response rates in all subgroups.60

In BLISS-LN, 14% of participants were Black.39 Al-
though response rates were lower among Black patients
than in the overall population for both study arms, Black
patients receiving belimumab were more likely to have a
primary efficacy renal response and CRR at week 104
compared with the placebo group. BLISS-LN did not
enroll significant numbers of Hispanic patients, and beli-
mumab remains understudied in Hispanic patients with
LN. Notably, nearly half of the patients enrolled in the
positive BLISS-52 phase 3 trial in nonrenal SLE were
Hispanic. In a post hoc analysis of a phase 3 trial of

subcutaneous belimumab in moderate-to-severe SLE with-
out severe active LN, Hispanic patients (29% of the study
population) demonstrated a significantly greater SLE re-
sponder index-4 response with belimumab compared with
placebo (73.8% versus 50% at week 52; P 5 0.0003), a
difference that was numerically greater than in non-
Hispanic patients (56.3% for belimumab versus 47.7%
for placebo, P 5 0.04).60 Thus, while definitive conclusions
regarding the superiority of belimumab and voclosporin
in Black and Hispanic patients with LN cannot be made,
available data suggest that the benefit of belimumab and
voclosporin extends to these groups of patients.

Refractory Disease
There is no standard definition for resistant or refractory

LN. Recent studies of induction therapy in LN have
demonstrated a failure to achieve either a complete or
partial response in 30%–63% of subjects.24,39,44 EULAR
has proposed three proteinuria treatment targets: reduction
in proteinuria (1) by$25% at 3 months, (2) by$50% at 6–12
months, and (3) to ,0.5–0.7 g/24 hours at 12–24 months,
together with a stable eGFR.33 A stricter definition of re-
fractory LN is a failure to achieve an adequate proteinuria
or eGFR response with two SOC induction regimens after
4–6 months in adherent patients with therapeutic drug
levels.61 However, it is important to note that residual
proteinuria may reflect segmental glomerulosclerosis rather
than immunologically active disease. In cases where per-
sistent elevation of renal biomarkers is not associated with
systemic features or immunologic markers of active lupus, a
kidney biopsy should be considered to determine disease
activity. A kidney biopsy may also reveal a coexistent
kidney disease, such as a thrombotic microangiopathy,
secondary to antiphospholipid antibodies or underlying
complementopathy that may require a change in treatment.
When assessing refractory LN, it is important to consider
medication nonadherence which has been described in up
to 75% of LN patients over the first year.62 Monitoring drug
levels of MPA, CNI, or hydroxychloroquine may be helpful
for detecting this.
The traditional therapeutic approach to a suboptimal

response to induction therapy with MMF and GCs, and
endorsed by KGIDO guidelines, has been to switch to a

Table 1. Ongoing clinical trials for lupus nephritis

Drug Mechanism Status

Obinutuzumab Anti-CD20 Completed phase 2 (NCT02550652);
Enrolling phase 3 (NCT04221477)

Secukinumab Anti-IL17A Enrolling phase 3 (NCT04181762)
Guselkumab Anti-IL23 Enrolling phase 2 (NCT04376827)
Anifrolumab Anti-IFN Completed phase 2 (NCT02547922);

Enrolling phase 3 for LN
(INCT05138133)

Ravulizumab C5 inhibitor Enrolling phase 2 (NCT04564339)
Iptacopan Factor B inhibitor Enrolling phase 2 (NCT05268289)
ALXN2050 Factor D inhibitor Enrolling phase 2 (NCT05097989)
KZR-616 Immunoproteasome inhibitor Active phase 1b/2 for SLE with and

without LN (NCT03393013)

LN, lupus nephritis.
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CYC-based induction regimen, an important goal being to
limit GC exposure in addition to preserving disease control.
With the success of CNIs or belimumab in combination
with MMF as induction agents, these are now commonly
used as additive therapies when the initial response is sub-
optimal, although the data in refractory LN remain very
limited. The addition of rituximab to MMF has been widely
used for refractory LN and is supported by a multiple ob-
servational and uncontrolled studies (reviewed in Ref. 61).
One systematic review of 26 studies described a complete or
partial response in 74% of 300 patients.63 Obinutuzumab,
which is a more potent anti-CD20 monoclonal antibody,
may also prove to be an effective option for refractory pa-
tients. With these combinations, immunoglobulin levels
should be monitored, and IV immunoglobulin replacement
considered for hypogammaglobulinemia. In refractory pa-
tients who do not respond to the addition of anti–B-cell
therapy, a range of other options have been reported in small
numbers of patients. Inhibition of complement activationwith
eculizumab has shown promise, especially in patients with
concomitant thrombotic microangiopathy (reviewed in Ref.
64). Anti–B-cell therapywith bortezomib65 or daratumumab66

may be considered. Plasma exchange seems to be of limited
benefit.67 Chimeric antigen receptor T-cell therapy68 or he-
matopoietic stem cell therapy may be considered in difficult
cases.

Emerging Biomarkers
A key aspect in the management of LN is to identify

patients with active immunologic disease who are at high
risk for disease progression. Currently, kidney biopsy is
considered the gold standard for assessing disease activ-
ity,69 but this may not be practical in many cases, partic-
ularly for repeated assessments, and surrogate biomarkers
are needed that reflect immunologic activity. Traditional
biomarkers used to assess lupus activity include serum
complement levels (C3, C4) and anti-dsDNA, and kidney
biomarkers (hematuria, proteinuria, and serum creatinine),
but these markers often do not correlate with activity on
kidney biopsy.70 Novel urinary biomarkers are an attractive
option as urine is readily obtainable, noninvasive, and as
opposed to serum; urine biomarkers may more closely
reflect activity within the kidney itself. Urinary soluble
CD163, a marker of M2c-macrophage infiltration in the
kidneys, is associated with histologic activity and may
correlate with response to treatment.71 Urinary proteomics
have also identified urinary IL-16 and TGFb1 correlating
with histologic activity.72 Other promising urinary bio-
markers include tumor necrosis factor-like weak inducer
of apoptosis (a proinflammatory cytokine released from
monocytes), monocyte chemoattractant protein-1 (a chemo-
kine for monocytes), neutrophil gelatinase-associated lip-
ocalin (a marker of inflammation and tubular cell injury),
vascular cell adhesion molecule (an adhesion molecule
expressed on endothelial cells), and activated leukocyte
cell adhesion molecule (a transmembrane glycoprotein
expressed by activated T cells).73,74 Transcriptomic analyses
of resident and infiltrating cells in kidney biopsy tissue
have identified gene expression signatures, including type I
IFN pathways, that may correlate with progression and aid
in the identification of novel therapeutic targets.75 The

identification of downstream urinary or serum biomarkers
of specific pathways may permit a precision medicine ap-
proach targeting therapeutic agents to the individual.

Cost-Effectiveness
Concerns remain regarding the cost-effectiveness of lu-

pus therapy. In 2009, cost-utility analysis of MMF versus
CYC-AZA showed that the overall cost of medication
and the subsequent management was 1.57 times higher
in the MMF group.76 In 2015, cost-utility analysis of
MMF versus AZA for maintenance therapy showed that
over the long-term, incremental cost-effectiveness ratio of
MMF compared with AZAwas $6454 per quality-adjusted
life year (QALY).77 A 2016 study from India showed that
the cost of MMF therapy was seven times as high as
CYC-AZA therapy.19 Regarding the novel agents, a
2022 US health care–based cost-effectiveness model esti-
mated an incremental cost-effectiveness ratio of approx-
imately $95,000/QALY for belimumab and approximately
$150,000/QALY for voclosporin, each compared with its
respective SOC arm. Compared with SOC, the probabil-
ities of belimumab and voclosporin being cost-effective
at a threshold of $150,000/QALY were 69% and 49%,
respectively, suggesting more uncertainty in the cost-
effectiveness of voclosporin and less so with belimumab.78

High-Risk Medication Monitoring
The intensive immunosuppressive regimens used to treat

LN treatments increase the risk of opportunistic infections,
reduced bone mineral density, malignancy, metabolic
and cardiovascular disease, bone marrow suppression, and
gonadal and bladder toxicity (with the use of CYC).35

All patients receiving immunosuppression should be coun-
seled on risk of infection. General principles to reduce infec-
tions should be adhered to including limiting exposure and
maintaining up-to-date vaccinations (excluding live vaccines,
which are contraindicated). Data on the risk of Pneumocystis
jirovecii pneumonia in immunosuppressed patients with SLE
are limited, and observational data suggest that the risk in
patients treated with CYC is low (0.1588%).79 Guidelines do
not give clear recommendations regarding the level of im-
munosuppression at which to consider prophylaxis for Pneu-
mocystis jirovecii pneumonia. The risk is highest in patients
receiving prednisone $20 mg/d for $4 weeks and in pa-
tients receiving concomitant CYC. Thus, patients in these
categories may be considered for prophylaxis.80

There is increased risk of avascular necrosis and osteo-
porosis with GC use. The American College of Rheuma-
tology guidelines for the prevention and treatment of
GC-induced osteoporosis recommend calcium and vitamin D
supplementation in adults with low fracture risk and consid-
eration of bisphosphonates in patients at moderate-to-high
fracture risk.81 Given the long-term risks of prolonged
steroid therapy, current guidelines recommend no or
low-dose (,7.5 mg/d) GCs in the long-term maintenance
of LN.33 LN is associated with a nine-fold greater risk of
atherosclerotic cardiovascular disease compared with pa-
tients with SLE without nephritis.82,83 Risk-modifying strat-
egies, including BP control and lipid management, should
be implemented.
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Patients receiving CYC are at risk for infertility and
shared decision making should guide therapy and fertility
preservation options.84,85 The risk of gonadal toxicity in-
creases with patient age and cumulative dose.86 The risk is
much lower with the Euro-Lupus CYC regimen compared
with oral or NIH CYC regimens.87

In summary, LN outcomes have improved over recent
decades, but there is a great need for safer and more
effective therapies. MMF and IV CYC still reign as in-
duction agents and MMF, followed by AZA, as SOC
maintenance therapy. As seen in other glomerular dis-
eases, lower doses of GCs may be as efficacious and safer
than higher-dose steroids. Optimal duration of therapy
remains uncertain, although a minimum of 3 years for
most patients is now a widely accepted clinical practice.
Recent trials show that the addition of belimumab or
voclosporin to induction therapy may lead to improved
kidney outcomes, but cost remains a major issue. The
KDIGO 2023 clinical practice guideline for the management
of LN is currently available as a public review draft and
proposes a role for these agents in lupus management.
Several ongoing trials investigating biologic pathways im-
plicated in LN hold promise that effective targeted therapies
may be on theway, but it remains to be seen if these therapies
will be an improvement on current SOC therapy. The dream
of curative targeted therapy remains elusive, but progress
toward improved disease characterization, risk stratification,
and the identification of disease-causing biologic pathways is
cause for hope.
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