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Abstract
SLE is a chronic inflammatory disease that affects the kidneys in about 50% of patients. Lupus nephritis is a major
risk factor for overall morbidity and mortality in SLE, and despite potent anti-inflammatory and immunosup-
pressive therapies still ends in CKD or ESRD for too many patients. This review highlights recent updates in our
understanding of disease epidemiology, genetics, pathogenesis, and treatment in an effort to establish a frame-
work for lupus nephritis management that is patient-specific and oriented toward maintaining long-term kidney
function in patients with lupus.
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Epidemiology
SLE is a chronic inflammatory disease that can affect
any organ, but very often injures the kidney. SLE is
more prevalent in women than men across all age
groups and populations; the female-to-male ratio is
highest at reproductive age, ranging between 8:1 and
15:1, and is lowest in prepubertal children at about
4:3 (1–3). The prevalence of SLE and the chances of
developing lupus nephritis (LN) vary considerably
between different regions of the world and different
races and ethnicities (Table 1) (2,4–14). In the United
States, the higher frequency of LN in black popula-
tions persists after adjustment for socioeconomic fac-
tors (15). Additionally, black and Hispanic SLE
patients develop LN earlier (16), and have worse out-
comes than white patients with SLE, including death
and ESRD (10). This might explain why black indi-
viduals account for nearly half of those with ESRD
due to LN (17). The more aggressive disease course in
black individuals might be the result of a higher in-
cidence of diffuse proliferative LN, or the presence of
more high-risk features within the same LN histologic
class when compared with white individuals (18).
Those differences may arise due to genetic predispo-
sition as some “high-risk” genotypes and
autoantibodies are more frequent in black patients
(19–21). For example, black populations have a higher
frequency of the Fcg RIIA-R131 allele which is in-
volved in mediating phagocytosis of IgG2 immune
complexes (20). The APOL1 gene, which has been
implicated in the development of ESRD in black pa-
tients, has also been associated with progression and
development of ESRD in the LN population (22,23).
In LN patients with two risk alleles for APOL1 the
odds ratio (OR) for ESRD was 2.72 (95% confidence
interval [95% CI], 1.76 to 4.19; P,6.231026). An
HLA-DR2 subtype (HLA-DRB181503), characteristic
of black populations, was linked to worsening pro-
teinuria (24). Black individuals are also more likely to
have positive anti-Ro, anti-Sm, and anti-RNP anti-
bodies, which have a high association with LN (25).

LN is a major risk factor for morbidity andmortality
in SLE and 10% of patients with LN will develop
ESRD (26). The risk of ESRD is higher in certain sub-
sets of LN. For example, in class 4 LN the risk may be
as high as 44% over 15 years (27). Patients with LN
also have a higher standardized mortality ratio (6–6.8
versus 2.4) and die earlier than SLE patients without
LN (28–31). Importantly, 10-year survival improves from
46% to 95% if disease remission can be achieved (32).

Genetics and Pathogenesis
A detailed discussion of the genetics and patho-

genesis of LN is beyond the scope of this review, but
can be found in Munroe and James (33). Here we will
focus on recent findings that may be applicable to the
clinical management of LN.

Systemic Lupus versus LN
Given the morbidity associated with LN, the ability

to accurately identify SLE patients destined to develop
LN could shift the current management paradigm from
treatment to prevention. Although it is not likely that
CKD and ESRD can be avoided completely, because
many patients present with LN as the initial manifes-
tation of their SLE, a preventative management strategy
could significantly reduce CKD and ESRD. For exam-
ple, SLE patients destined to develop LN could be
followed much more closely, perhaps with home
monitoring of the urine so kidney biopsy and treat-
ment could be started without delay. Alternatively,
such patients could be considered for pre-emptive
therapy to attenuate autoimmunity before any clinical
manifestations of kidney involvement are apparent.
Although it is currently not possible to determine a priori
who with SLE will develop LN, several investigations
of lupus genetics have approached this question.
SLE arises in individuals with an appropriate ge-

netic background exposed to certain environmental
triggers. Several genes have been associated with SLE
susceptibility, most prominently in the human HLA
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loci. A meta-analysis of HLA-DRB1 alleles in SLE con-
cluded that carriers of HLA-DR4 and DR11 were protected
against LN with ORs of 0.55 (95% CI, 0.39 to 0.79; P,0.01)
and 0.6 (95% CI, 0.37 to 0.96; P,0.05), respectively (34).
Conversely HLA-DR3 and DR15 conferred an increased
risk of LN with ORs of 2.0 (95% CI, 1.49 to 2.7; P,0.05)
and 1.6 (95% CI, 0.37 to 0.96; P,0.05). These associations
were on the basis of 473 patients from five case-control
studies, and included mainly white and Asian patients.
Controls were healthy individuals. The mechanisms of
HLA-based disease susceptibility and protection remain
unknown. It has been suggested that this may be related
to the degree of stability of the interaction between self-peptide
and its HLA binding partner (35,36). More stable interactions
may lead to protection as in other autoimmune diseases like
rheumatoid arthritis.
In another approach, a meta-analysis of three genome-

wide association studies was done to identify risk alleles
for LN in patients already known to have SLE (37). All
patients were women of European descent (n52000) and
588 had LN. LN was defined by the American College of
Rheumatology criteria of persistent proteinuria and abnor-
malities of the urine sediment. Here the most significant
associations for LN mapped to the PDGF receptor A gene
(OR, 3.41; 95% CI, 2.10 to 5.54; P54.5231027) and the gene
for the sodium-dependent glucose cotransporter SLC5A11
(OR, 2.85; 95% CI, 1.93 to 4.22; P55.0831027). HLA loci
were less strongly associated with LN in this analysis, pos-
sibly because the comparison group had lupus, and there-
fore was already linked strongly to HLA. In LN, PDGF
may mediate kidney cell proliferation, matrix accumula-
tion, and intrarenal inflammation. The link between
SLC5A11 and LN is more convoluted. Several solute car-
rier (SLC) family genes have been associated with CKD
(38). Variants in SLC5A11 may mediate a decrease in se-
rum and an increase in urine myo-inositol, suggesting an
active role of SLC5A11 in proximal tubule inositol reab-
sorption (38). Additionally, or through inositol regulation,
SLC5A11 may mediate apoptosis through the program-
med cell death and TNF-a pathways (39).
The limitations of these and other genetic association

studies are the relatively small numbers of affected patients
available for analysis, and the limited racial and ethnic

diversity of the study cohorts, which to date have mainly
focused on white and Asian patients.

Pathogenesis
Clues as to how LN develops in SLE patients were

provided by a study of how the transcriptome of peripheral
blood cells changed over time in a cohort of pediatric LN
patients (40). LN occurred when the expression of neutro-
phil-associated genes increased. Neutrophil activation was
preceded by an increase in IFN and plasmablast-related
transcripts and was followed by upregulation of other my-
eloid cell and proinflammatory transcripts. These data
were synthesized in a model of lupus in which the disease
initiates preclinically with an IFN response and differentiation
of B cells into plasmablasts, and progresses to tissue-specific
(e.g., the kidney) and systemic inflammation as neutrophils
and myeloid cells activate.
Neutrophils can contribute to the pathogenesis of SLE

and LN even in death. When neutrophils die they often
release neutrophil extracellular traps (NETs), which are
composed of chromatin fibrils, histones, and neutrophil
antibacterial and immunostimulatory proteins. This type of
cell death, called NETosis, is normally a host defense mech-
anism to trap and kill microorganisms. However, NETs and
NETing neutrophils can also be found in the kidneys of
patients with SLE (41). NETs are a source of nuclear anti-
gens in SLE and may help to maintain antigen-specific au-
toantibody production. NETS and NETing neutrophils
facilitate inflammation, may cause endothelial damage,
and can induce plasmacytoid dendritic cells to produce
IFN-a (41), amplifying autoimmunity. Importantly, NET
degradation is impaired in patients with SLE, and mainly
in those with LN (42).
The C system is generally activated in LN and may

directly mediate kidney injury through the terminal path-
way, or indirectly increase renal inflammation by recruit-
ing leukocytes to the kidney. Because C also helps clear
apoptotic debris, it is important in reducing exposure to
autoantigens. In this regard, autoantibodies to C components
that are found in patients with lupus may be important in the
development of LN. In a cohort of 114 lupus patients, 23% of
patients had autoantibodies to C component C1q and to C3b
(43). In these dual-antibody–positive patients who were

Table 1. Prevalence of SLE and frequency of lupus nephritis

Demographics Prevalence, Per 100,000 Frequency, % References

SLE
Region
United States, Canada 4.8–78.5 Danchenko et al. (2)
Europe (United Kingdom, Germany,
France, Italy, Spain, Scandinavia)

25–91 Danchenko et al. (2)

Australia 19–63 Danchenko et al. (2)
China 30–50 Osio-Salido et al. (4)
Japan 8–18 Osio-Salido et al. (4)

Lupus nephritis
Race/ethnicity
Black 69 Bastian et al. (8)
White 29 Bastian et al. (8)
Asian 40–82 Jakes et al. (99)
Hispanic 61 Bastian et al. (8)
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prospectively followed, anti-C3b and anti-C1q levels ten-
ded to increase in the months leading up to renal flare.
In vitro experiments have shown that anti-C1q binds C1q
on early apoptotic cells and prevents their uptake by mac-
rophages (44). Anti-C1q also blocks immune complex binding
to red blood cells, a mechanism to safely clear immune
complexes. These data suggest anti-C1q antibodies may
enhance autoantigen exposure and may facilitate immune
complex deposition in target organs like the kidneys. Con-
sistent with this, it was shown that the absence of anti-C1q
autoantibodies was qualitatively associated with protection
against LN in a small cohort of lupus patients (45). Further-
more, C3b on immune complexes promotes immune complex
binding to red blood cells for clearance. This may be blocked by
anti-C3b, thereby augmenting the pro-LN effects of anti-C1q.
Finally, a recent investigation tied concepts important for

viral immunity to autoimmunity, providing insights into re-
lapsing autoimmune disease (46), a problem that is particularly
relevant to LN. CD8 T cells become “exhausted” in the setting
of persistent antigen exposure and the absence of CD4
T cell costimulation. These exhausted CD8 cells lose effec-
tor function and express inhibitory receptors at high levels.
This leads to an inability to clear viral infections, but can be
protective against relapsing autoimmune disease. In pa-
tients with SLE (not necessarily LN), a limited group of
upregulated coinhibitory receptors characterized exhausted
T cells, which translated to patients who had a nonrelapsing
course of lupus. The upregulated genes were 4–1BB, CTLA4,
PDCD1, LILRB4, and KLG1. The exhausted phenotype can
be rescued by costimulation, and certain genes, like KAT2B,
can facilitate this. KAT2B is antiapoptotic and mediates
protection against metabolic stress. In this paradigm of dis-
ease relapse, yet to be tested in LN, therapeutic interven-
tions to increase T cell exhaustion, perhaps by upregulating
inhibitory receptor expression, or blocking costimulation to
maintain the exhausted phenotype, may help prevent renal
flares. It is intriguing to speculate that stable HLA presenta-
tion of self-antigens results in T cell exhaustion and protection
in SLE, whereas unstable HLA associations with self-antigens
result in intermittent T cell activation, enhanced costimula-
tion, and suppression of the exhaustive (protective) T cell
phenotype.

Clinicopathologic Correlations
The clinical manifestations of LN are often subtle and

most commonly will be discovered by examination of the
urine as opposed to physical examination (Table 2). There-
fore, all patients with SLE should be evaluated for kidney
involvement at initial diagnosis and at least yearly there-
after even if they do not have symptoms of kidney disease.
It is also recommended that patients be re-evaluated for
LN if SLE flares. Evaluation is straightforward and should
include a urinalysis and measurement of kidney function,
generally a serum creatinine concentration or eGFR. Be-
cause SLE patients often have several concomitant medical
issues and may be on potentially nephrotoxic medications,
it is important to exclude nonlupus causes of renal insuffi-
ciency, especially if the urinalysis does not show abnormal
proteinuria and hematuria. If kidney involvement is
suspected a kidney biopsy should be considered (see below).
The clinical threshold for doing a kidney biopsy is not well
defined, but we suggest performing a biopsy if proteinuria

$500 mg/d, with or without other clinical abnormalities,
or any level of proteinuria or hematuria with impaired kidney
function that cannot be attributed to another cause. There is
observational evidence that proteinuria of 500–1000 mg/d (or
lower) may be associated with significant kidney pathology
(47), and it has been well established that early diagnosis and
treatment of LN improves prognosis (48).

The Kidney Biopsy in LN
Although the decision to perform a kidney biopsy in SLE

patients when there is clinical evidence of renal involvement
seems straightforward, it has become somewhat controver-
sial because of a prevailing view that all forms of LN can be
adequately treated with corticosteroids plus mycophenolate
mofetil (MMF) (49). Nonetheless, the kidney biopsy is im-
portant to define the nature of renal involvement. Although
immune-complex–mediated GN is the most common cause
of kidney disease in SLE, there are other mechanisms that
result in renal injury which can only be diagnosed with a
biopsy, and require a different approach to management
than immune-complex LN. Examples include thrombotic
microangiopathy and lupus podocytopathy (defined as
nephrotic syndrome in SLE that on kidney biopsy shows
diffuse foot process effacement and no subendothelial or
subepithelial immune deposits), which can be seen in up to
24% and 1.3% of LN patients, respectively (50,51). The find-
ing of isolated tubulointerstitial nephritis is rare (52).
Immune-complex LN is described pathologically using

the 2003 International Society of Nephrology/Renal Pathology
Society (ISN/RPS) nomenclature (53). The ISN/RPS system
classifies LN on the basis of where immune complexes ac-
cumulate in glomeruli, the presence or absence of mesangial
or endocapillary proliferation, the overall extent of glomerular
involvement (focal or diffuse) and glomerular injury
(global or segmental), and whether glomerular injury is
active (inflammatory) or chronic (sclerotic) (Table 3). In a
general way, the ISN/RPS classes guide treatment decisions.
Patients with disease limited to the mesangium (class 2)
generally do not need specific therapy for their kidney dis-
ease but may need immunosuppressive treatment for ex-
trarenal SLE manifestations. Patients with mainly chronic
injury (any class) or end stage damage (class 6) also do not
need immunosuppression for LN, but may benefit from

Table 2. Prevalence of clinical manifestations in patients with
lupus nephritis

Clinical Manifestation Approximate
Prevalence, %

Proteinuria 100
Nephrotic range proteinuria/
nephrotic syndrome

50

Microscopic hematuria 80
Macroscopic hematuria ,5
Urinary red blood cell casts 30
Other urinary cellular casts 30
Renal insufficiency 60
Rapid decline in kidney function 15
Hypertension 30
Tubular abnormalities 70
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antiproteinuric, renoprotective measures. The proliferative
classes (3 and 4) are often treated with potent immunosup-
pression, whereas nonproliferative, membranous LN (class
5) may be managed conservatively (antiproteinuric ther-
apy) if patients have subnephrotic proteinuria, or with im-
munosuppression if patients have nephrotic range
proteinuria.
As the therapy of LN moves beyond the currently avail-

able nontargeted immunosuppressive regimens of high-dose
corticosteroids plus cyclophosphamide or MMF to inter-
ventions that focus on specific immune pathways, a more
comprehensive picture of kidney pathology through mo-
lecular imaging of the kidney biopsy may be desirable. The
immune pathways active in the kidney at the time of LN
diagnosis vary considerably between patients. For example,
when glomeruli were dissected from human LN biopsies
and subject to transcriptomic analysis, patients segregated
into groups showing dominant expression of B cell genes,
myelomonocytic genes, IFN-inducible genes, or fibrosis-
related genes (54). Similar pathways have been shown to
be activated in the kidneys of lupus-prone mice (55). These
molecular variations may reflect the intrinsic heterogeneity
of LN or may occur because patients are biopsied at differ-
ent points in the course of a disease that rapidly evolves.
Regardless of how LN heterogeneity arises, these molecular
differences suggest that a targeted therapy is not likely to
work for all patients, but only those with activity in a specific
autoimmune or inflammatory pathway. The applicability of
molecular analyses of the kidney biopsy to LN treatment is

illustrated by a recent survey of transcript expression of im-
mune genes in kidney biopsies done at LN flare. Patients
who had early complete clinical renal responses to standard-
of-care induction therapies could be distinguished from non-
responders on the basis of transcript expression profiles (56).
A similar approach could conceivably be applied to patients
being treated with novel therapies to define which patients
are likely to respond to a particular treatment.
The role of protocol repeat kidney biopsies in LN is con-

troversial, but emerging data suggest serial biopsies may
inform ongoing treatment decisions and predict long-term
renal prognosis. Repeat biopsies have demonstrated con-
siderable discordance between clinically- and histologically-
defined disease activity. After completing 6–8 months of
immunosuppressive therapy, 20%–50% of complete
clinical renal responders still had histologic evidence of
ongoing active inflammation, and 40%–60% of patients
with no histologic evidence of disease activity still had
persistent, high-grade proteinuria (57,58). Even after sev-
eral years of immunosuppressive treatment, histologic ac-
tivity was found in about 20% of patients who had been in
sustained clinical remission. Conversely, 40% of patients in
complete histologic remission after long-term treatment
had persistent clinical findings (59). These results suggest
that an immediate application of repeat biopsies could be
to evaluate a patient for withdrawal of maintenance immu-
nosuppressive therapy. Presently there are no evidence-
based guidelines concerning the duration of LN maintenance
therapy (60).

Table 3. The histologic classification of lupus nephritis

ISN/RPS
Class Histologic Findings Modifications to Histology Usual Clinical Findings

1 Normal light microscopy;
mesangial immune
complexes by
immunofluorescence
microscopy

None relevant to the kidney
so rarely diagnosed or
biopsied

2 Mesangial immune complexes/
mesangial cell proliferation

Hematuria, low-grade
proteinuria; renal
insufficiency, nephrotic
syndrome not expected

3 Mesangial and subendothelial
immune complexes/
segmental endocapillary
proliferation in ,50% of
glomeruli

Lesionscanbeactive, chronic,
or have elements of both

Hematuria, proteinuria
seen in most patients;
renal insufficiency,
nephrotic syndrome not
unusual

4 Mesangial and subendothelial
immune complexes/
segmental or global
endocapillary proliferation in
$50% of glomeruli

Lesionscanbeactive, chronic,
or have elements of both

Hematuria, proteinuria
seen in most patients;
renal insufficiency,
nephrotic syndrome not
unusual

5 Numerous subepithelial
immune complexes in .50%
of glomerular capillaries

Proteinuria, often nephrotic
range; hematuria
possible; usually no renal
insufficiency

6 Glomerulosclerosis in .90%
of glomeruli

Renal insufficiency;
proteinuria and
hematuria often present

ISN/RPS, International Society of Nephrology/Renal Pathology Society.
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The prognostic value of the diagnostic kidney biopsy for
predicting long-term renal health in LN has been disap-
pointing (61). However, repeat biopsies after at least
6 months of immunosuppressive therapy appear to provide
better prognostic information. Persistent histologic evidence
of glomerular and interstitial inflammation, glomerular
capillary immune complexes, and macrophages in tubular
lumens after completing induction therapy were risk factors
for future doubling of the serum creatinine concentration
(62,63). Increasing chronic damage on the postinduction bi-
opsy also predicted long-term renal outcomes in some stud-
ies (57,58). The National Institutes of Health (NIH) activity
and chronicity indices (64) were measured in repeat biopsies
12–18 months after starting treatment, while patients were
on maintenance immunosuppression (65). After 10 years of
follow-up, the probability of doubling serum creatinine was
about 56% for patients whose second biopsy had persistent
activity (an activity index .2), compared with 20% for
patients who had an activity index #2 (P,0.001). Simi-
larly, 10-year renal survival was .90% if the chronicity in-
dex of the repeat biopsy was ,3, but 55% if the chronicity
index was .6 (P50.10).
Repeat kidney biopsies are also done in LN for clinical

indications, with the assumption that the biopsy could
support changes in therapy. Most of the time this is due to
LN flare, persistent proteinuria, or declining kidney func-

tion (66–70). Considering these investigations together,
some generalizations about clinically-indicated repeat bi-
opsies may be drawn. Patients who originally had prolif-
erative LN often show proliferative LN at flare, whereas
many patients who originally had membranous LN often
develop a proliferative component at flare. Similarly, in
patients who had class 2 LN it is not unusual to find a
more aggressive injury pattern at repeat biopsy. These
findings suggest repeating a kidney biopsy for flare is
most beneficial for patients with previous class 2 or 5 LN
because there is a reasonable likelihood therapy may be
intensified. Biopsies for persistent or worsening protein-
uria or an increase in serum creatinine concentration do
not necessarily reflect active LN; a biopsy diagnosis of
chronic damage and inactive disease may allow a reduc-
tion in therapy.
On the basis of the current evidence of how a kidney

biopsy may contribute to the management of LN, a sug-
gested algorithm for initial and repeat kidney biopsies in
lupus is provided in Figure 1.

The Treatment of LN
Management Strategy
The overarching goal of LN treatment is to prevent CKD

and ESRD. As adverse kidney outcomes occur far more

Figure 1. | A proposed algorithm for when to perform a kidney biopsy in patients with lupus nephritis (LN).
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frequently in proliferative LN, we will focus on the
treatment of classes 3 and 4. To prevent CKD and ESRD,
short-term treatment strategies have focused on complete
or partial reversal of the clinical signs of kidney injury
discussed previously. By the time LN is clinically apparent
the kidney is already modestly or severely inflamed due to
the accumulation of autoantibody-containing immune
complexes. Therefore, patients are treated with an anti-
inflammatory agent to immediately attenuate intrarenal
inflammation and allow healing to begin, coupled with a
potent immunosuppressive agent to interrupt autoimmune
pathways that could reignite renal immune complex
formation and start the cycle of inflammatory injury again
(renal flare). This induction phase of treatment generally
lasts 3–6 months and is followed by a prolonged, but less
intense maintenance phase, often lasting years. It is not
clear when maintenance therapy can be withdrawn. A repeat
kidney biopsy showing histologic remission during main-
tenance in patients who have achieved complete clinical
remission, or who have stable but persistent proteinuria,
may help in making a decision to taper off therapy. A ran-
domized clinical trial is currently being done to address the
question of duration of maintenance therapy (Clinicaltrials.
gov identifier: NCT01946880).
The report card for this management strategy is mixed.

Induction and maintenance therapies have improved over-
all patient survival to about 80% at 5 years, however, 12-
month complete renal response rates are only 10%–40%,
and as many as 30% of LN patients will still progress to
ESRD (71–75). Furthermore, although there are no estimates
of how many LN patients are left with CKD after treatment,

the number is likely to be large. For example, kidney
biopsies after induction therapy with high-dose corticoste-
roids and cyclophosphamide or MMF generally show an
increase in chronic damage, even in those patients who
achieved a complete clinical remission to induction alone
(57). LN flare is also an important risk factor for CKD and
CKD progression (76) and flares may occur in 25% of pa-
tients (77,78). These outcome statistics suggest there is con-
siderable room for improvement in the treatment of LN.

Current Approaches to Treatment
All current widely-accepted treatment regimens for LN

(summarized in Figure 2) incorporate high-dose corticoste-
roids for rapid control of inflammation and either MMF or
cyclophosphamide to control inflammation and autoim-
munity (60,79). All patients (unless contraindicated)
should be treated with an antimalarial given the evidence
that lack of antimalarial use may be associated with an
increase in LN treatment failures (80). Cyclophosphamide
can be given orally or intravenously, and if intravenous in
either standard-dose (designated the NIH regimen) or low-
dose (called low-dose or Euro-lupus regimen). High intensity
immunosuppression is given for the first 3–6 months and
then replaced by MMF (or a lower dose of MMF if it was
used for induction) or azathioprine to maintain suppression of
autoimmunity and inflammation, and thereby prevent flare.
Standard-dose cyclophosphamide (either oral or NIH)

improved the long-term kidney survival compared with
corticosteroids alone and set the standard-of-care for LN
treatment (81). Because of toxicity concerns surrounding
cyclophosphamide, MMF and NIH cyclophosphamide

Figure 2. | Current induction and maintenance treatment choices for proliferative lupus nephritis. Patients are considered to have severe
lupus nephritis if they have functional kidney injury with an elevated serum creatinine and/or heavy proteinuria, evidence that the loss of renal
function occurred over a relatively short period of time and active histologic injury with glomerular crescents and necroses affecting several
glomeruli. AZA, azathioprine; CSA, cyclosporine A; MMF, mycophenolate mofetil; TAC, tacrolimus.
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were directly compared in a large randomized controlled
trial and found to be equivalent for the induction of renal
responses after 6 months of treatment (73). Although the
MMF arm had a similar number of adverse events as the
cyclophosphamide arm, and its long-term ability to pre-
serve renal function was not clear, MMF has replaced cy-
clophosphamide as first-line induction therapy for LN in
many areas. The increased exposure of LN patients to
MMF has raised some concerns as to whether it is equiv-
alent to cyclophosphamide induction with respect to long-
term kidney outcomes (77). A recent meta-analysis
showed that between the 1970s and the 1990s the risk of
ESRD from LN declined and plateaued, and this was co-
incident with cyclophosphamide treatment becoming rou-
tine (27). In the 2000s, as MMF was becoming a dominant
induction drug for LN, the risk of ESRD increased, and
was highest at 44% over 15 years in patients with diffuse
proliferative LN.
In another attempt to reduce the long- and short-term

toxicity of cyclophosphamide, low-dose, Euro-lupus cyclo-
phosphamide was found to be equivalent to NIH cyclo-
phosphamide for remission induction and preservation of
renal function at 5 and 10 years, but with fewer adverse
effects (78). The original Euro-lupus trial was done in a
mainly white cohort with LN of mild-to-moderate sever-
ity, but recently, low-dose cyclophosphamide was found
to be effective in a multiethnic/multiracial cohort with
more severe LN (82).
The duration of corticosteroid administration in LN remains

controversial and nonevidence-based. A small but interest-
ing pilot study to assess the feasibility of doing a definitive
trial on whether maintenance corticosteroids are needed in
LN was done (83). The trial included 15 patients with pro-
liferative (6membranous) LN induced with cyclophospha-
mide or MMF who achieved at least a partial response and
had been tapered down to #20 mg of prednisone. After
3 weeks, prednisone was decreased to 5–7.5 mg/d in eight
patients, and that dose was maintained. Prednisone was
completely withdrawn in seven patients by week 17. Patients
were followed for a median of 12 months, and the end point
was renal or major nonrenal relapse. Relapse occurred in
only one patient from the withdrawal group (14%; one renal
flare), but in 50% of the low-dose prednisone patients (three
renal and one major nonrenal flare). These data, although
inconclusive, are provocative.

Opportunities in LN Management
To reduce the incidence of ESRD it will be necessary to

prevent CKD. Preventing CKDwill require more rapid and
complete control of inflammatory kidney injury and minimi-
zation of LN flares. There are several opportunities to imple-
ment such a paradigm, which include developing methods
for earlier diagnosis and treatment, improving patient compli-
ance, and applying novel therapies. Here we will focus on
creating opportunities with novel therapeutic approaches.

Controlling Renal Inflammation in LN
Historically, intrarenal inflammation has been controlled

during induction by high-dose corticosteroids, which are
effective but toxic (81). It is likely that many of the adverse
outcomes that occur during the first year of LN treatment

can be attributed to corticosteroids, and their side effects often
challenge patient compliance. Borrowing existing therapies
used for other diseases to treat renal inflammation may re-
duce or eliminate the need for corticosteroids. In this context,
C inhibitors, quinolone immunomodulators, and proteasome
inhibitors should be considered for LN clinical trials.
Several animal studies have demonstrated a beneficial

effect of blocking the alternative C pathway in LN (84).
Although little work has been done with C inhibition in
human LN, effective inhibitors are available, including a
monoclonal antibody against C5 (eculizumab) and a small
molecule C5a receptor blocker (CCX168) (85). Interest-
ingly, the ability of corticosteroids to attenuate intrarenal
C activity in LN is not clear, but at least in some clinical
settings, such as hemodialysis, they do not block C activa-
tion (86). Thus, C inhibitors may synergize with steroids to
permit significant steroid dose reduction. Blocking the al-
ternative C pathway can potentially attenuate renal in-
flammation and injury by inhibiting the chemotactic and
leukocyte activating properties of C5a, and preventing the
formation of C5b-9 (the membrane attack complex) which
may directly injure renal cells.
Laquinimod, a quinolone, is a small molecule that blocks

activation of NF-kB, a transcription factor important in the
expression of proinflammatory cytokines that has been
studied in human multiple sclerosis (87) and murine LN
(88). A small phase 2 trial in LN showed improved kidney
function and reduced proteinuria at 6 months when laqui-
nimod was added to standard-of-care, including corticoste-
roids (89). These findings need to be replicated in a larger
trial, but suggest synergy with steroids and offer the possi-
bility of steroid dose reduction.
The proteasome inhibitors are used mainly to treat plasma

cell malignancies, but their mechanism of action may of-
fer efficacy at two steps in the pathogenesis of LN and kidney
injury. The overall effect of the boronic acid proteasome
inhibitors (for example, bortezomib and carfilzomib) is to kill
plasma cells, so these drugs could immediately attenuate
autoantibody production. This would be expected to halt or
decrease immune complex production and thus ongoing
immune complex–mediated renal injury. More directly rele-
vant to inflammation, the proteasome inhibitors block activa-
tion of NF-kB, and so may also be anti-inflammatory. This
class of drugs has successfully treated murine LN (90).

Minimizing LN Flares
In contrast to the many recent clinical trials of novel

induction therapies in LN, flare prevention has received
relatively little attention. However, several of these in-
duction trials included follow-up and the effects of the
experimental drugs on flare rate were determined. An
interesting example is the abatacept and cyclophosphamide
combination efficacy and safety study (ACCESS) trial which
studied the effect of blocking the CD28/CD80 costimula-
tory pathway in LN with abatacept, a CTLA4-Ig construct.
Although abatacept did not offer any benefit for induction
of remission when added to low-dose cyclophosphamide,
patients in the abatacept arm that reached a complete renal
remission at 6 months were followed for another 6 months
without any maintenance immunosuppressive therapy. At
12 months the patients in the abatacept arm had fewer SLE
flares than patients in the placebo arm who did receive
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maintenance azathioprine. This study was not powered to
test abatacept in maintenance of remission, and the flare rates
were not significantly different, but the results suggest that
abatacept may be worth investigating as a maintenance agent
to prevent flares. Importantly, no important safety signal for
abatacept was detected in the ACCESS trial.
Similarly, a post hoc analysis of belimumab, a monoclonal

antibody directed against the B cell survival factor BLyS,
trials in nonrenal lupus showed a dose-dependent trend
toward a decreased rate of renal flares in patients who had
received belimumab (91). This analysis suggested that
belimumab may be effective in preventing renal flares
in patients who have inactive or stable LN. In contrast, another
anti-BLyS monoclonal antibody, tabalumab, also trialed in
nonrenal SLE, did not prevent renal flares (92). The effects of
BLyS blockade in LN are being directly tested in an ongoing
trial (NCT0139330), so resolution of these conflicting results
may need to wait until the trial is finished.

Other Emerging Therapies
IFN-a seems to be a central regulatory cytokine in SLE

and especially in LN, and may promote development of au-
toreactive plasma cells, helper and memory T cells, and several
proinflammatory cytokines (93–95). Blocking the effects of
IFN-a may therefore ameliorate inflammation and attenuate
autoimmunity and prevent future LN flares. Anifrolumab, a
monoclonal antibody against the IFN-a type 1 receptor, was
found to be effective in nonrenal lupus and is currently un-
der evaluation in a randomized clinical trial in LN
(NCT02547922).
The calcineurin inhibitors (CNIs) cyclosporine A and tacro-

limus have been tested extensively in LN, especially in Asia,
with very encouraging results. CNIs attenuate inflamma-
tion by preventing release of inflammatory cytokines from
leukocytes, and also block T cell activation (96), and there-
fore could have an effect to maintain remission. CNIs have
been used as part of a multitarget approach to treating LN,
added to a regimen of MMF and corticosteroids, and have
been shown to be superior to cyclophosphamide in induc-
ing remission by 6 months (97). A multitarget approach is
appealing as the pathogenesis of SLE involves several im-
mune pathways. CNIs plus corticosteroids alone have also
been used for LN induction and found to be as effective as
MMF for proliferative LN (98). At this time, CNI studies
need to be viewed cautiously. Unexpectedly, in the multi-
target study patient withdrawals due to adverse events
were higher in the CNI arm than the cyclophosphamide
arm (97). The effects of CNIs in more racially and ethnically
diverse cohorts must be studied. Additionally, most of the
studies to date are fairly short-term, and long-term preserva-
tion of kidney function needs to be verified. Finally, because
proteinuria is the major contributor to current criteria of LN
response, and CNIs can affect proteinuria by mechanisms un-
related to immune modulation, it is not clear that proteinuria
is an appropriate end point for comparing CNIs to drugs with
different mechanisms of action. In this setting a kidney biopsy
should be considered to verify histologic improvement/
resolution.

Conclusions
LN continues to be a major source of morbidity and

mortality for SLE patients. Most patients develop LN

during the prime of their lives, and this adversely affects
their livelihoods and families, affecting all of society. An
improved understanding of disease pathogenesis has not
yet resulted in major therapeutic advances. However, the
availability of a variety of novel drugs to modify the immune
system, coupled with a thoughtful approach to clinical trial
design, is anticipated to overcome this slow progress in
advancing LN management.
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Ensworth S, Pope J, Edworthy S, Rahman A, Sibley J, El-Gabalawy
H, McCarthy T, St Pierre Y, Clarke A, Ramsey-Goldman R: Mor-
tality in systemic lupus erythematosus. Arthritis Rheum 54:
2550–2557, 2006

31. Faurschou M, Dreyer L, Kamper AL, Starklint H, Jacobsen S:
Long-term mortality and renal outcome in a cohort of 100 pa-
tients with lupus nephritis.Arthritis Care Res (Hoboken) 62: 873–
880, 2010

32. Chen YE, Korbet SM, Katz RS, Schwartz MM, Lewis EJ; Collabora-
tive StudyGroup: Value of a complete or partial remission in severe
lupus nephritis. Clin J Am Soc Nephrol 3: 46–53, 2008

33. Munroe ME, James JA: Genetics of Lupus Nephritis: Clinical
Implications. Semin Nephrol 35: 396–409, 2015

34. Niu Z, Zhang P, Tong Y: Value of HLA-DR genotype in systemic
lupus erythematosus and lupus nephritis: a meta-analysis. Int J
Rheum Dis 18: 17–28, 2015

35. MiyaderaH,Ohashi J, Lernmark Å, Kitamura T, Tokunaga K: Cell-
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