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Learning Objectives
1. To identify recent advances in the use of serologic testing and

histopathology for diagnosis, treatment, and prognostication in

ANCA-associated vasculitis, anti-glomerular basement mem-

brane (GBM) disease, and lupus nephritis

2. To evaluate the findings of recent controlled trials in the

treatment of patients with ANCA-associated vasculitis and

lupus nephritis, both for remission induction and for

maintenance

3. To explain the impact of ANCA detection in patients with anti-

GBM disease and lupus nephritis

4. To describe novel treatment approaches that are under in-

vestigation for immune-mediated glomerular diseases

ANCA-Associated Vasculitis
The antineutrophil cytoplasm antibody (ANCA)-associated vasculitides
(AAV) are a group of rare multisystem diseases that are characterized by
necrotizing inflammation of small and medium-sized blood vessels and
the presence of autoantibodies to myeloperoxidase (MPO) or pro-
teinase-3 (PR3), which are thought to play a pathogenic role (1).
They include the clinical diagnoses of microscopic polyangiitis
and granulomatosis with polyangiitis (2), which are frequently
considered together for treatment trials, and eosinophilic gran-
ulomatosis with polyangiitis, which we do not discuss here.
Clinical presentation can vary widely, although renal involvement
with pauci-immune glomerulonephritis is common (>80%).

There have been dramatic improvements in patient outcome
over the past 50 years, and survival is now estimated to be >90% at 1
year. This is due, at least in part, to the findings of many successful
therapeutic trials in AAV, and the resultant publication of several
consensus treatment guidelines (which we will not review in detail)
(3–5). It is recognized, however, that therapy-related toxicities—
including infection, cardiovascular disease, and malignancy—are
now the leading causes of morbidity and mortality in patients with
AAV. Thus, recent studies have aimed to (1) improve diagnostics and
identify biomarkers that will allow earlier and personalized treatment,
(2) refine treatment regimens for acute disease to avoid drug toxicity,

and (3) prevent the accrual of damage associated with flare and its
retreatment, by improving remission-maintenance therapies, such
that adverse events may be avoided and long-term outcomes
improved.

Diagnostic and Prognostic Biomarkers
An updated consensus statement on ANCA testing in vasculitis was
published in 2017 (6). This recognizes the many technical inno-
vations in ANCA detection since the first consensus, and the im-
proved sensitivity and specificity of newer antigen-specific assays. It
recommends their first-line use in patients with suspected vasculitis.
Indirect immunofluorescence is no longer recommended as a
screening tool; in patients where there is a high degree of clinical
suspicion and a negative antigen-specific test result (or conversely
where there is a weak, possibly false, positive test result), a second
antigen-specific assay should be used to improve sensitivity and
specificity. The consensus recognizes that AAV cannot be ruled out
in ANCA-negative cases (occurring in approximately 10% of patients
with a clinical diagnosis of microscopic polyangiitis or granulomatosis
with polyangiitis) in whom histologic diagnosis should be pursued.
A consensus statement of ANCA testing beyond systemic vasculitis
was recently published (7).

The pursuit of better biomarkers in AAV has been a major
research focus, although few have progressed to clinical application.
CD163 is a cell-surface protein shed by activated macrophages and
monocytes; its detection in the urine (likely derived from glomerular
leukocytes) can differentiate patients with active renal vasculitis from
those in remission, and those with other forms of acute kidney injury
(8). It can be detected, at generally lower levels, in patients with other
forms of glomerular disease, indicating that it may not be specific for
AAV, although it may identify glomerular involvement in patients
with a known diagnosis of systemic vasculitis. A recent study showed
that combining sCD163 with other urinary markers (monocyte
chemoattractive protein-1 [MCP-1], proteinuria) could increase the
likelihood of detecting milder renal disease in AAV (9). At least one
recent trial included urinary biomarkers as a secondary end point, and
a validated ELISA for urinary sCD163 is now commercially available
in Europe, although it is not yet clear whether this assay will be taken
up in clinical practice.

Whereas urinary biomarkers may provide a noninvasive alter-
native to renal biopsy for identifying glomerulonephritis, they do not
provide additional prognostic information. A histopathologic clas-
sification for ANCA-associated glomerulonephritis was proposed in
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2010, which distinguished four classes of disease based on the pattern
of glomerular injury, and which predicted long-term renal outcome,
with increasing severity of kidney function loss in focal (>50%
normal glomeruli), crescentic (>50% cellular crescents), mixed
(<50% normal glomeruli with no predominant lesion), and sclerotic
class disease (>50% globally sclerosed glomeruli) (10). There was
disagreement, however, in independent validation studies on the
outcome in patients with crescentic and mixed disease, so the
classification was recently revisited by the original investigators in a
large, international, multicenter cohort of 145 new patients with
long-term follow-up (11). This confirmed best and worst renal
outcomes in focal and sclerotic class disease, respectively, but in
contrast to the original study, rates of end-stage kidney disease
(ESKD) at 10 years were not significantly different between cres-
centic and mixed disease: 14% versus 20% (P=0.98). The investi-
gators noted that crescentic disease usually presented with lower
eGFR values, which tended to improve over time toward eGFR
values like those in mixed disease, suggesting that crescentic class
disease may be more responsive to immunosuppressive treatment.

An alternative renal risk score that incorporates both histo-
pathologic (% normal glomeruli, % interstitial fibrosis and tubular
atrophy) with clinical parameters (eGFR at diagnosis) was recently
developed in patient cohorts from Germany (12). The score stratified
patients at low, medium, or high risk of ESKD at 36 months, which
occurred in 0%, 26% to 27%, and 68% to 78% of cases, respectively.
These findings have been confirmed in a small number of in-
dependent validation studies, although overall rates of ESKD were
lower when the renal risk score was applied to the international
cohort (n=145) used in the new histopathologic classification study.
This was attributed in part to differences in treatment between
cohorts.

A common finding of these prediction tools is that the pro-
portion of normal glomeruli in the kidney biopsy specimen is a strong
predictor of long-term outcome. However, neither scoring scheme
has fully addressed the impact of treatment on outcome prediction,
and although they provide some additional prognostic formation,
they currently lack enough accuracy to guide decisions on treatment
intensification or withdrawal.

Recent Clinical Studies of Remission Induction Therapy
Current guidelines recommend that, for remission-induction in
patients with severe disease, including those with pauci-immune
glomerulonephritis, treatment should be with high-dose glucocor-
ticoids and either rituximab or cyclophosphamide (3–5). In patients
with rapidly progressive glomerulonephritis (RPGN) or lung hem-
orrhage, consideration of plasma exchange has been recommended.
The optimum dose, route of administration, and duration of cy-
clophosphamide treatment have been well studied; pulsed in-
travenous regimens are equivalent to daily oral treatment for initial
disease control and are associated with lower incidence of adverse
events such as leukopenia, though at the potential cost of increased
relapse risk during long-term follow-up (13,14). Two randomized
controlled trials have shown noninferiority of rituximab to cyclo-
phosphamide for remission induction (15,16), so the past decade has
seen its increasing use, either as first-line therapy or as an alternative
in those who are intolerant or resistant to cyclophosphamide.
However, the controlled trials failed to show a reduction in adverse

events with rituximab, so recent studies have aimed to (1) identify
alternative induction agents (e.g., mycophenolate mofetil [MMF]),
(2) reduce glucocorticoid exposure (e.g., with complement in-
hibition), and (3) improve renal outcomes (e.g., with plasma ex-
change), given the impact of ESKD on overall outcome.

Mycophenolate Mofetil
Two recent trials have investigated the use of MMF for remission
induction in acute disease. MYCYC (Clinical Trial of Mycophe-
nolate Versus Cyclophosphamide in ANCA Vasculitis) was a non-
inferiority study that compared 3–6 months of treatment with MMF
(2–3 g/day) to pulsed intravenous cyclophosphamide (15 mg/kg,
6–10 doses), followed by azathioprine maintenance in all cases (17).
The trial recruited 140 patients with newly diagnosed disease (60%
PR3-ANCA positive), most of whom had renal involvement (81%),
although severe renal impairment (eGFR <15 ml/min) was an ex-
clusion criterion. MYCYC confirmed noninferiority of MMF for its
primary end point of remission at 6 months with adherence to a
protocolized glucocorticoid taper: 67% in the MMF group versus
61% in the cyclophosphamide group (risk difference, 5.7%; 90%
confidence interval [90% CI], −7.5% to 19%]). However, relapse
was more common after induction with MMF: 33% versus 19%
(incidence rate ratio 1.97; 95%CI, 0.96 to 4.23; P=0.049), and there
was no difference in the rate of serious infection with either treat-
ment. Indeed, there were numerically more infections in MMF-
treated patients: 26% versus 17% (odds ratio [OR], 1.67; 95% CI,
0.68 to 4.19). Although this was not a statistically significant dif-
ference, the underlying hypothesis that MMF is less toxic than
cyclophosphamide seems disproven, although the use of high-dose
glucocorticoids in both groups (approximately 6 g) may have con-
tributed to these infection rates, highlighting the need to refine
glucocorticoid regimens in AAV.

Another study explored the use of MMF for re-induction of
remission in patients presenting with their first or second disease
relapse (in contrast to MYCYC, which exclusively recruited newly
diagnosed cases) (18). As such, it included a greater proportion of
patients with PR3-ANCA positivity (81% of the total 84 cases). Like
MYCYC, it excluded patients with severe renal dysfunction (serum
creatinine >5.66 mg/dl or new dialysis dependence). Patients were
randomized to receive either MMF (2 g/day) or oral cyclophos-
phamide (2 mg/kg per day) for 6 months, at which point all were
switched to azathioprine maintenance therapy. In keeping with the
findings ofMYCYC, there was no difference in the primary end point
of remission at 6 months: 66% with MMF versus 81% with cy-
clophosphamide (P=0.11), a trend toward more frequent relapse after
MMF: 61% versus 43% at 2 years (P=0.10), and no evidence of
reduced infections with MMF (42% versus 41%). A post hoc ex-
ploratory analysis showed that MMF induced remission in a similar
proportion of patients as cyclophosphamide in those with lower
disease activity (i.e., Birmingham Vasculitis Activity Score [BVAS]
<19).

Thus, whereas these studies do not identify a routine role for
MMF for remission induction in new or relapsing AAV, they provide
evidence for an alternative treatment option for patients with mild
disease, or at low risk of relapse (e.g., MPO-ANCA positive), who
wish to avoid cyclophosphamide exposure (owing to intolerance
or concerns for fertility or other toxicities related to cumulative
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cyclophosphamide dose), particularly in resource-poor settings where
access to biologic therapies such as rituximab may be limited.

Plasma Exchange
The use of plasma exchange for treatment of RPGN was first de-
scribed in the 1970s, and there have since been several small ob-
servational and controlled studies in AAV. A meta-analysis in 2011
and a Cochrane review in 2019 considered these studies and con-
cluded that plasma exchange may reduce the rate of ESKD but that
the overall quality of the evidence was low (19,20). The paucity of
strong evidence for plasma exchange, and the need for studies in
patients with moderately severe renal involvement, led to the de-
velopment of PEXIVAS (Plasma Exchange and Glucocorticoid
Dosing in the Treatment of AAV).

PEXIVAS was the largest randomized trial in AAV to date. It
recruited >700 patients with moderate to severe renal impairment
(eGFR <50 ml/min; no lower limit) who were randomized in a 2 × 2
factorial design to receive (1) either plasma exchange or no plasma
exchange and (2) a standard versus a reduced dose glucocorti-
coid taper (approximately 3.2 g versus approximately 1.8 g oral
glucocorticoids in the first 3 months) after induction therapy
with intravenous glucocorticoids (1–3 g) and either rituximab or
cyclophosphamide (followed by azathioprine maintenance in the
latter) (21). During median follow-up of 2.9 years, plasma exchange
did not have a significant impact on the composite primary outcome
of ESKD or death (hazard ratio [HR], 0.86; 95% CI, 0.65 to 1.13;
P=0.27). Nor were there differences in secondary outcomes, in-
cluding death (HR, 0.87; 95% CI, 0.58 to 1.29), ESKD (HR, 0.81;
95% CI, 0.57 to 1.13), or serious infection (HR, 1.21; 95% CI, 0.96
to 1.52). There was no interaction with glucocorticoid assignment,
and these results were similar across subgroups stratified for age,
ANCA serotype, severity of renal disease, presence of lung hemor-
rhage, and choice of induction immunosuppression (rituximab in
15% and oral or intravenous cyclophosphamide in 85%). It was
anticipated that plasma exchange may have particular benefit during
early follow-up, although the results remained similar when censored
for analysis at 12 months. These findings are compelling; this was a
large trial that included patients from >90 centers in 16 countries,
which, along with the broad enrollment criteria, provides general-
izable results. Numbers lost to follow-up were small, and assigned
treatment adherence was good, despite the open-label design. The
findings indicate that plasma exchange should not be used routinely
during remission induction therapy, particularly in those with milder
disease presentations. It may have a place in the treatment of re-
fractory disease, or in patients with contraindications to other
components of therapy, inasmuch as there were trends toward benefit
in some subgroups (e.g., severe lung hemorrhage) and no signal of
harm from plasma exchange in the trial.

Glucocorticoids
The second question addressed by PEXIVAS related to glucocorti-
coid dosing; the reduced-dose regimen was shown to be noninferior
with respect to the primary outcome of ESKD or death (absolute
risk difference, 2.3% 95% CI, −4.5 to 9.1), with significantly fewer
serious infections in the first year in the reduced-dose group (in-
cidence rate ratio, 0.69; 95% CI, 0.52 to 0.93]). There were no other
differences in secondary end points, and the results were broadly

similar across the predefined subgroups, although there was a trend
toward higher rates of ESKD in patients who received rituximab
and, low-dose steroids, that may warrant further examination (HR,
1.86; 95% CI, 0.83 to 4.14). This was the first study to compare
initial glucocorticoid regimens in a controlled fashion, and we
expect that the low-dose taper will be rapidly adopted in clinical
practice.

A reduced-dose glucocorticoid regimen is non-inferior
to traditional regimens for remission-induction with re-
spect to death or ESKD, and results in fewer infections.

Several recent studies have sought to reduce glucocorticoid ex-
posure further. One suggested approach has been to combine ritux-
imab with low-dose cyclophosphamide to ensure rapid disease control,
thus enabling the use of lower glucocorticoid doses during remission
induction. Single-center cohort studies suggest that this approach is
safe and effective with either a short course of oral cyclophosphamide
or a low-dose intravenous regimen (akin to the Eurolopus protocol)
(22,23). This combination approach also formed the basis of a very
rapid glucocorticoid taper assessed in a prospective open-label cohort
study from two centers in the United Kingdom; 49 patients with renal
AAVwere treated with a combination induction of rituximab (total 2 g),
low-dose cyclophosphamide (approximately 3 g), and a short course
of glucocorticoids of 1 to 2 weeks duration (total intravenous and oral
dose approximately 1.2 g) (24). Two patients required early re-
introduction of glucocorticoids for treatment of active disease dur-
ing the first 6 months, although all remaining patients achieved disease
remission by this time point, which was accompanied by improve-
ments in C-reactive protein, renal function, and proteinuria. At 12
months, 90% of patients were in sustained remission. A case-control
analysis with two groups of matched patients enrolled in previous
EUVAS trials, which used standard glucocorticoid dosing, showed
comparable remission rates and improvements in eGFR during the
first year but with lower incidence of new-onset diabetes (0% versus
8%) and severe infections (12% versus 30%, P=0.02). These pre-
liminary results are promising, but this was a small study of patients
with nonsevere kidney disease (median serum creatinine 2 mg/dl), of
whom the majority (67%) were MPO-ANCA positive and thus at low
risk of relapse, and for a limited period of 1 year of follow-up. Given
that early withdrawal of glucocorticoids has been associated with an
increased risk of relapse beyond 12 months (25), long-term follow-up
of subgroups at greater risk of relapse treated with this regimen in a
controlled study are needed.

Complement Inhibition
Complement inhibition has emerged as a potential route to glu-
cocorticoid avoidance in AAV. Historically regarded as a pauci-
immune vasculitis, without detectable complement deposition on
the biopsy specimen, a critical role for the alternate complement
pathway in disease pathogenesis has emerged over the past decade
(26). Avacopan is a small molecule inhibitor of the C5a receptor that
was first shown to be effective in an experimental model ofMPO-AAV
inmice transgenic for the human C5aR. It was subsequently tested in a
phase 2 clinical study (CLEAR; Safety and Efficacy of CCX168 in
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Subjects With AAV) that enrolled 67 patients with active AAV with
nonsevere renal involvement (eGFR >20 ml/min) (27). Patients were
treated with rituximab or cyclophosphamide and randomized to re-
ceive placebo plus prednisone starting at 60 mg daily (control group,
n=23), avacopan plus reduced-dose prednisone (20mg daily, n=22), or
avacopan without prednisone (n=22). The study had a 12-week follow
up period, and the primary efficacy measure was the proportion of
patients achieving a ≥50% reduction in BVAS at this point, with no
worsening in any body system. This was achieved in 70%, 86%, and
81% of control, reduced-prednisolone, and no-prednisolone patients,
respectively (P<0.002 for noninferiority, for both intervention groups
compared with control). There were corresponding improvements in
secondary end points, including comparable changes in eGFR and
absolute BVAS, and better improvements in albuminuria, urinary
MCP-1, and quality of life scores, in avacopan-treated patients. The
overall rate of adverse events was comparable across the three treatment
groups, but there were fewer side effects related to glucocorticoid use
(such as new-onset diabetes, psychiatric disorders, and weight gain) in
the avacopan treatment groups compared with control. This trial used
a novel stepwise design (rather than a concurrent parallel group
randomization) to gather preliminary evidence for the safety and ef-
ficacy of avacopan that enabled the bold move to entirely eliminate
glucocorticoids from the induction regimen in the final step. As such,
the results of this study garnered significant attention, although
confirmation of these findings in larger randomized controlled trials is
needed; the trial was small and of short duration, it excluded patients
with severe renal disease, and the primary efficacy end point (>50%
reduction in BVAS) is of questionable validity in the practical care of
patients with AAV. A phase 3 study of avacopan (ADVOCATE,
NCT02994927) completed recruitment in 2018, and results are
expected soon.

Remission Maintenance Therapy
In patients with severe AAV who are in remission after treatment
with high-dose glucocorticoids and cyclophosphamide or rituximab,
the traditional approach to remission maintenance was with an
extended treatment period of 12–18 months with low-dose gluco-
corticoids and an additional immunosuppressive agent (3–5). After
cyclophosphamide-based remission induction, a switch to azathio-
prine maintenance at 3–6 months is equivalent to continued
treatment with cyclophosphamide for 1 year and is superior to MMF
(28,29). Thus, until recently, azathioprine tended to be used as first-
line maintenance treatment in patients with renal disease (in whom
methotrexate may be contraindicated because of impaired GFR).

Duration of Maintenance Therapy
The duration of maintenance therapy with conventional oral im-
munosuppressants was addressed in the REMAIN (Randomized
Controlled Trial of Prolonged Treatment in the Remission Phase of
AAV) study (30). It included patients (n=117; 96% after first pre-
sentation) with eitherMPO- or PR3-AAV, who were in remission with
cyclophosphamide-based induction treatment, and compared main-
tenance therapy with azathioprine and prednisolone for a period of 24
versus 48 months. Relapse was more frequent with shorter treatment:
62% versus 22% (HR, 2.84; 95% CI, 1.72 to 4.9), which may have
accounted for a higher incidence of ESKD seen in this group
(7.8% versus 0%, P=0.012). ANCA positivity at randomization was

associated with subsequent relapse risk (51% versus 29% if ANCA
negative (OR, 2.57; 95% CI, 1.16 to 5.68; P=0.017), perhaps
consistent with recent literature that reasserts a role for ANCA as a
biomarker to guide treatment. There were numerically more adverse
events with prolonged treatment (43 versus 28, P=0.07), of which
nine and three, respectively (P=0.13), were serious, although there
were no differences in damage accrual (as determined by Vasculitis
Damage Index) or overall patient survival (91.5% versus 96.1%).
However, the study was underpowered to detect significant differ-
ences in adverse outcomes. This trial, perhaps unsurprisingly,
demonstrates that extended treatment may prevent relapse in AAV,
although with the potential risk of more adverse events. This may be
justified in patients with greater risk of relapse (e.g., ANCA positive at
switch to maintenance treatment) or in whom the stakes of relapse are
highest (e.g., those with impaired kidney function at risk of pro-
gression to ESKD). Whether these findings are relevant in the
rituximab-based remission maintenance era is not known.

Rituximab for Remission Maintenance
MAINRITSAN (Rituximab versus Azathioprine to Maintain Re-
mission in AAV), conducted by the French Vasculitis Study Group
(FVSG), was the first controlled study of rituximab for remission
maintenance. It was a moderately sized trial (n=115) that compared
azathioprine (starting dose 2 mg/kg per day) with regular rituximab
infusions (500 mg every 6 months) after induction with pulsed
intravenous cyclophosphamide, for a total follow-up period of 28
months (31). Rituximab was remarkably effective in maintaining
remission, and clearly superior to azathioprine treatment; only 3 of
57 (5%) patients in the rituximab group experienced major relapse by
month 28, compared with 17 of 58 (29%) with azathioprine (HR,
6.61; 95% CI, 1.56 to 27.96; P=0.002). There was no difference in
adverse events (25 in each group), including serious infection (8
versus 11 with azathioprine and rituximab, respectively) or cancer (2
versus 1, respectively). Glucocorticoid dosing was not protocolized in
this study, but patients were taking moderately high doses of
prednisolone at the initiation of maintenance therapy (16 mg daily).
Although no statistically significant differences in glucocorticoid use
between groups were observed, their potential contribution to
maintaining disease control should be considered. Long-term follow-
up of this study was published in 2018; patients were followed up
prospectively for a total of 60 months from enrollment, without
further treatment after month 28 (32). At month 60, major relapse-
free survival was 49.5% versus 71.9% in the azathioprine and rit-
uximab groups, respectively (HR for relapse, 2.51; 95% CI, 1.35 to
4.69; P=0.003). Cumulative glucocorticoid use, immunoglobulin
levels, and the rate of adverse events, including infection, were not
different between groups. Thus, whereas the incidence of relapses
increased in both groups after treatment cessation at month 28, there
appeared to be a sustained benefit of rituximab for remission
maintenance during long-term follow-up.

It was observed during long-term follow-up in MAINRITSAN
that nearly all patients who experienced relapse after rituximab
treatment were ANCA positive and/or had repopulation of circu-
lating CD19+ B cells at the time of flare. A second trial by the FVSG,
MAINRITSAN2, asked whether these biomarkers could be used to
tailor timing of rituximab retreatment during remission maintenance
(33). A control group received the rituximab regimen established in
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the first MAINRITSAN study (i.e., regular 500-mg infusions every 6
months), whereas the intervention group received 500-mg infusions
only when circulating CD19+ B cells were detectable (>0 cells/µl) or
after changes in ANCA titer (from negative to positive serostatus, or
doubling of titer on antigen-specific assay). The primary end point
was the number of relapses at month 28. This was a larger trial
(n=162) that enrolled patients in remission after induction treatment
with either cyclophosphamide (in 62%) or rituximab (in 38%) along
with glucocorticoids. Whereas there were numerically more relapses
in the tailored dosing group, this was not statistically significant (14/
81 [17.3%] versus 8/81 [9.9%], P=0.22), and relapse-free survival
was comparable between groups (83.3% versus 86.4%, P=0.58).
Major relapse with either treatment approach was very infrequent
(7.4% versus 3.7%, P=0.23). There was no difference in cumulative
glucocorticoid use or the incidence of adverse events, although
numerically fewer infections were reported in the tailored dosing
group (11.1% versus 19.8% in the fixed group). There was also a
difference in the number of administered rituximab infusions;
overall, the tailored group received 248 infusions versus 381 in the
fixed group, with a median of 3 (interquartile range [IQR] 2–4)
versus 5 (IQR 5–5) doses per patient, respectively.

These findings suggest that immunologic biomarkers may be
used to guide rituximab retreatment, and they are consistent with a
recent report that changes in PR3-ANCA in particular may predict
flare after rituximab (34). Indeed, it should be emphasized that the
majority of patients in both MAINRITSAN studies were PR3-
ANCA positive and/or had a clinical diagnosis of granulomatosis
with polyangiitis, so whether maintenance rituximab is necessary,
justified, or cost effective in patients with a lower risk of relapse (e.g.,
de novo presentations of MPO-ANCA disease) is unknown. The clear
message of both studies, however, is that rituximab-based regimens
are more effective than conventional oral immunosuppressants for
maintaining remission, although the preferred dosing regimen is
debated: tailored dosing guided by biomarkers may be as efficacious,
more cost effective, and potentially safer than fixed-dosing schedules,
although this approach is contingent on regular monitoring of
immunologic markers (performed every 3 months in the study),
which may not be readily available at all centers. In addition, it is
recognized that relapses can occur in the absence of detectable cir-
culating ANCA or B cells. On this basis, recent expert consensus
guidelines from the United Kingdom recommend that, when used
for remission-maintenance, rituximab (500–1000 mg) should be
administered at fixed 6-monthly intervals and that further in-
vestigation is needed to define the role of biomarkers to guide
treatment (35).

Regular rituximab infusions are superior to conven-
tional oral immunosuppressants for remission main-
tenance in AAV, and optimum dosing schedules are
under investigation.

To this end, theMAINTANCAVAS study (Maintenance of AAV
Remission by Intermittent Rituximab Dosing; NCT02749292) is
investigating remission maintenance with rituximab, with the aim of
determining whether redosing by B cell reconstitution or return of
ANCA is more effective. Finally, the RITAZAREM trial (Rituximab

versus Azathioprine as Maintenance Therapy in Relapsing AAV;
NCT01697267) studied rituximab for maintenance in patients with
relapsing disease (in contrast to MAINRITSAN1 and 2, which in-
cluded a high proportion of patients with new-onset disease). Re-
cruitment was completed in 2016, and results are expected this year.

Outcomes
Although there have been considerable improvements in outcome for
patients with AAV over the past 40 years, they remain at increased
risk of death compared with age- and sex-matched controls. A recent
North American study identified 484 patients with diagnoses of AAV
between 2002 and 2017 who had a standardized mortality ratio of
2.3 (95% CI, 1.9 to 2.8) (36). The standardized mortality ratios for
infection and renal disease were most significantly elevated: 13.9
(95% CI, 7.9 to 24.5) and 4.3 (95% CI, 1.6 to 11), respectively.
During a mean follow-up period of 7.1 (±4.1) years, the leading
causes of death were cardiovascular disease (cumulative incidence
7.1%), malignancy (5.9%) and infection (4.1). These findings are
compatible with those of a previous meta-analysis and data from
EUVAS studies (37,38), although with the benefit of derivation from
a contemporary cohort, in a nontrial setting, in whom a significant
proportion of patients received treatment with modern immuno-
suppressive regimens (39% received rituximab as initial disease
therapy). These findings indicate that there is significant need to
further reduce drug toxicity and to attend to the long-term car-
diovascular risk of patients with AAV.

The treatment and outcome in elderly patients with AAV
presents an additional challenge. It is notable that the average age of
patients recruited to the induction therapy trials discussed above was
between 57 and 63 years, and it is not clear that their findings are
generalizable to older patients, who represent an increasing pro-
portion of those encountered in clinical practice. Two recent studies
have examined the outcomes in elderly patients in more detail. The
first included 83 patients of median age 75 (range, 65–92) who were
treated at a tertiary center in the United Kingdom (39). All patients
received immunosuppressive treatment (rituximab in 37%, cyclo-
phosphamide in 39%, MMF in 12%; with adjunctive plasma ex-
change in 27% and glucocorticoids in 96%). Of note, only one
patient received intravenous glucocorticoids, and the average total
dose of prednisolone received during the first 3 months was relatively
low, at approximately 2 g. Although the study lacked a control group,
the 2- and 5-year survival appeared favorable at 83% (75%–92%) and
75% (65%–86%), respectively. Baseline frailty, as defined by the
Rockwood Clinical Frailty Score, was associated with poorer outcome.

A second observational study from Japan included 167 patients
with median age 77 years (40). In contrast to the first study, 100
patients were treated with glucocorticoids alone, without additional
immunosuppression (cyclophosphamide was the most used agent
in the remainder). During mean follow-up of 28 months (range,
0–166), 36 patients (21.3%) died, and the cumulative proportions
of survival at 1, 3, and 5 years were 89% (95% CI, 79% to 90%),
84% (95% CI, 77% to 89%), and 74% (95% CI, 64% to 82%),
respectively. The most frequent cause of death was infection. Logistic
regression analysis showed that initial high-dose corticosteroid ad-
ministration: prednisolone ≥0.8 mg/kg per day (OR, 3.86; 95% CI,
1.14 to 13.10; P=0.03) and serum creatinine ≥1.5 mg/dL at diagnosis
(OR, 5.13; 955 CI, 1.75 to 15.0; P=0.003) were independent
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predictors of early severe infection, although administration of cy-
clophosphamide or rituximab was not (OR, 1.76; 95% CI, 0.57 to
5.4; P=0.322).

Taken together, these studies indicate that elderly patients can
do well after immunosuppressive treatment for AAV, compatible
with prior reports (41). The suggestion that intravenous / high-dose
glucocorticoids should be avoided in elderly patients requires pro-
spective evaluation, and it underscores the need to include older
individuals in controlled trials, perhaps stratified for some of the
associations with poorer outcome identified here (e.g., formal frailty
score).

Anti-GBM Disease
Anti-GBM disease is a small vessel vasculitis that usually presents
with RPGN, diffuse alveolar hemorrhage, or both. It serves as a
model autoimmune kidney disease, being characterized by the
presence of directly pathogenic autoantibodies directed against well-
characterized antigens in the NC1 domains of collagen IV in the
glomerular and alveolar basement membranes. As such, the disease
has been extensively studied and recently reviewed elsewhere (42).
Here, we discuss recent clinical developments and experimental
findings that may have implications for the care of patients with this
condition.

Epidemiology and Genetics
Anti-GBM disease is one of the rarest forms of glomerulonephritis; a
nationwide study in Ireland defined an incidence of 1.6 cases per
million per year, and it is likely that the disease has comparable
frequency in other European populations (43). Precise epidemiologic
data in non-Europeans are lacking, although anti-GBM disease is
well recognized in Asian populations and is thought to be rare in
those of African descent. The Irish study is notable for demonstrating
substantial regional variability in disease incidence, and for identi-
fying both temporal and spatial clustering of cases. This finding
confirms prior anecdotal reports of disease “outbreaks,” and suggests
that environmental exposures, such as infection, may have an im-
portant role in triggering disease onset in susceptible individuals. In
keeping with this suggestion, prodromal infections were a common
finding in a large cohort of Chinese patients with anti-GBM disease,
reportedly affecting 93 of 140 patients (47% were lower respiratory
tract, and 31% were upper respiratory tract) although without any
consistent causative organism (44). A recent case series described a
cluster of cases occurring in association with the outbreak of the novel
coronavirus, SARS-CoV-2 (45). The molecular mechanisms that
underlie these associations with infection are not defined, although
processes of molecular mimicry and idiotype-anti-idiotype interac-
tions have been invoked in experimental rodent models.

A series of elegant studies in murine models has likewise shed
light on the mechanisms of HLA-linked susceptibility to anti-GBM
disease. Inheritance of HLA-DR15 is consistently associated with
disease susceptibility, whereas HLR-DR1, -DR7, and -DR9 are
negatively associated with disease risk. Indeed, HLA-DR1 and -DR7
appear to confer a dominant negative protective effect if coinherited
with HLA-DR15. Studies in mice transgenic for human HLA
molecules (and lacking murine MHC class 2) confirms these epi-
demiologic observations: HLA-DR15 transgenic mice are susceptible
to induction of experimental anti-GBM disease, whereas mice

transgenic for either HLA-DR1 or both HLA-DR15 and DR1 are
resistant (46,47). These studies suggest that presentation of the
immunodominant T cell epitope in the distinct binding registries of
HLA-DR15 and -DR1 can differentially induce conventional and
tolerogenic T cell responses, respectively, thus accounting for the
dominant protective effect of HLA-DR1 via induction of antigen-
specific regulatory T cells, even when coinherited with the HLA-
DR15 susceptibility allele. This novel finding in an archetypal au-
toimmune disease may have broad relevance in several forms of HLA-
linked autoimmunity.

Treatment and Outcomes
Current treatment guidelines recommend that in patients with
alveolar hemorrhage or crescentic glomerulonephritis with <100%
crescents on the kidney biopsy specimen, anti-GBM disease should
be treated with plasma exchange, cytotoxic immunosuppression,
and glucocorticoids (3). Given the rarity of the disease, there is a
paucity of controlled data for the efficacy of this treatment regimen,
although observational studies show that it is effective when ini-
tiated before the onset of anuric and/or dialysis-dependent renal
failure (42). Several recent retrospective studies provide further
evidence for this approach and provide predictors of treatment
response and outcome.

A large multicenter analysis from the French Society of
Hemapheresis assessed the outcomes in 122 patients who were all
treated with plasma exchange (along with cyclophosphamide and/or
glucocorticoids in the majority) (48). Most patients had severe
disease; 78% presented with pulmonary-renal syndrome, the median
creatinine at presentation was 7 mg/dl, and more than two thirds
required dialysis as part of their initial treatment. Despite the severity
of disease at diagnosis, overall patient survival at 1 year was favorable
at 87%, although it should be noted that the study cohort was
atypical in its age distribution (median age, 31 years; only 22% of
patients >60 years at diagnosis). Indeed, in multivariable analysis, age
>60 years and the number of delivered plasma exchanges correlated
with overall survival (HR, 16.1; 95% CI, 3.4 to 76.6; and HR, 0.87;
95% CI, 0.77 to 0.98, respectively). Specifically, a cutoff of eight
plasma exchange sessions was associated with positive and negative
predictive survival rates of 95% and 47%, respectively. A trend
toward improved survival with oral versus intravenous cyclophos-
phamide did not achieve statistical significance in multivariable
analysis (HR, 0.14; 95% CI, 0.02 to 1.37; P=0.09), although this
observation suggests the optimum route and dose of cyclophos-
phamide requires further study in anti-GBM disease, inasmuch as
controlled evidence in the treatment of AAV (which suggests
therapeutic equivalence of oral and intravenous cyclophosphamide,
with fewer adverse events with the latter) may not translate to anti-
GBM disease. Renal outcome in this study was less favorable; 38% of
surviving patients had independent kidney function at 12 months.
Only serum creatinine >5.6 mg/dl at diagnosis was predictive of
dialysis dependence at this timepoint (HR, 16.2; 95% CI, 3.96 to
67.9) in multivariable analysis.

A second, distinct, French study of 119 patients aimed to further
define predictors of long-term prognosis (49). This cohort was older
than in the former study (median age, 54 years), although the severity
of kidney disease at presentation was comparable; patients had
median creatinine of 7.2 mg/dl, and 78% required initial dialysis
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treatment. Plasma exchange was used in >80%, and the majority also
received immunosuppression with cyclophosphamide (82%) and/or
rituximab (9%). Overall survival at 1 year and 5 years was 95% and
92%, respectively. In this study, increasing age (HR for 10 years, 4.1
95% CI, 1.89 to 8.88), requirement for mechanical ventilation (HR,
5.1; 955 CI, 1.02 to 26.4), and the presence of cardiovascular risk
factors, including hypertension (HR, 19.9; 95% CI, 2.52 to 157.2)
and dyslipidemia (HR, 11.1; 95% CI, 2.71 to 45), were negatively
associated with overall survival. As in the former study, the use of
plasma exchange was associated with better outcome (HR, 0.29;
95% CI, 0.08 to 0.98), although the potential for confounding by
indication may account for this finding, inasmuch as plasma exchange
may have been withheld in patients with adverse prognostic factors in
whom aggressive treatment was deemed futile. Unadjusted predictors
of renal survival at 3 months included age and severity of renal disease
at presentation (as determined by serum creatinine or need for initial
dialysis). Pulmonary involvement (whether determined by presenting
features or by need for mechanical ventilation) was associated with
better renal survival, perhaps owing to earlier diagnosis or more ag-
gressive treatment in those presenting with systemic features. It should
be noted that a significant proportion of patients (23%) were lost to
follow-up for renal evaluation at early time points in this study.

In both French studies, recovery from early dialysis dependence
was infrequent (2.4% and 16%, respectively), a finding common to
nearly all studies in anti-GBM disease. Indeed, the KDIGO
guidelines recognize that in the absence of lung hemorrhage, when
100% of glomeruli on the kidney biopsy specimen are affected by
crescent formation, recovery from dialysis is so unlikely that treat-
ment may be considered futile (3). A recent international multicenter
study of 123 patients with biopsy-proven anti-GBM glomerulone-
phritis aimed to identify better histopathologic predictors of renal
survival, to guide treatment decisions (50). Overall 5-year renal
survival in this study was 34%, and it confirmed that patients with
100% crescents on the biopsy specimen did not recover renal
function if they were dialysis dependent at presentation. In addition,
patients with sclerotic class disease (>50% of glomeruli affected by
global sclerosis) did not recover, so aggressive treatment may also be
considered futile in these cases. In multivariable analysis, dialysis
dependency at presentation (HR, 3.17; 95% CI, 1.59 to 6.32),
percentage of normal glomeruli (HR, 0.97; 95% CI, 0.95 to 0.99),
and extent of interstitial infiltrate in the kidney biopsy specimen (HR
2.02, 95% CI, 1.17 to 3.50) were predictors of ESKD during follow-
up.We note, however, that there are isolated reports of renal recovery
in patients presenting with these adverse histologic features, and we
emphasize that decisions to withhold treatment require careful
consideration of both clinical and pathologic findings.

The poor kidney outcome in patients presenting with dialysis-
dependent renal failure highlights the need for more rapid and ef-
fective treatments in anti-GBM disease. IdeS, the immunoglobulin G
degrading enzyme of Streptococcus pyogenes, is one potential new
agent. IdeS is an endopeptidase that enables microbial evasion of the
host immune response by rapidly cleaving all IgG subclasses at the
hinge region into F(ab’)2 and Fc fragments. Recent studies have
aimed to exploit this unique activity for the treatment of antibody-
mediated diseases, including anti-GBM disease. In a murine model of
anti-GBM disease, IdeS treatment reduced glomerular inflammatory
cell infiltration and albuminuria (51). Treatment was notable for
cleaving GBM-bound IgG, thus affecting noncirculating antibodies

that may possibly be inaccessible to plasma exchange. In a pre-
liminary clinical study of three patients, a single dose of IdeS was
remarkably efficient at clearing circulating and tissue-bound anti-
GBM antibodies, although rebound of circulating IgG occurred after
approximately 1 week in all patients, and none recovered kidney
function (52). However, this proof-of-concept study specifically
recruited patients with refractory disease and adverse prognostic
factors; future studies should aim to address whether IdeS will have a
role in supplementing or replacing plasma exchange in the routine
treatment of anti-GBM disease.

“Double-Positive” ANCA and Anti-GBM Disease
The coexistence of antineutrophil cytoplasm antibodies (ANCA) in
patients with anti-GBM disease is well recognized. In most series,
30%–50% of patients have detectable ANCA, usually recognizing
MPO. Previous studies have reported variable findings in these
double-positive cases, with some suggesting they have favorable
outcome compared with isolated anti-GBM disease, and others
indicating equivalent or poorer outcome. A recent multicenter
European study compared the clinical features and long-term out-
comes in 37 double-positive patients with parallel cohorts of single-
positive anti-GBM disease (n=41) and AAV (n=568) (53). The
double-positive patients had the severe disease features of anti-GBM
at presentation, with high rates of alveolar hemorrhage (38%) and
dialysis-dependent renal failure (57%). However, a nonstatistical
trend toward recovery from dialysis was observed in the double-
positive patients compared with single-positive anti-GBM patients
(33% versus 17%), perhaps indicating varied mechanisms of kidney
injury. In addition, during long-term follow-up (median 4.8 years),
patients with double-positive disease experienced relapse at a fre-
quency comparable with those with AAV, whereas no single-positive
anti-GBM patients experienced relapse. These findings indicate a
hybrid disease phenotype that displays key features of both anti-
GBM disease and AAV.

Patients “double positive” for ANCA and anti-GBM
antibodies exhibit the severe disease manifestations
of anti-GBM at presentation, but carry the long-term
relapse risk of AAV.

The mechanism of this association between ANCA and anti-GBM
disease is not defined, although the finding that double-positive
patients have the age distribution of AAV patients, with prodromal
symptoms and more chronic lesions on renal biopsy specimens
(findings more typical of AAV), might suggest that AAV is the initial
pathologic state that triggers the onset of anti-GBM disease by
disrupting the quaternary structure of the GBM, thus releasing
sequestered epitopes to immune detection.

It was also recently suggested that antiperoxidasin antibodies
may account for some of the ANCA reactivity detected in patients
with anti-GBM disease (54). Peroxidasin is a member of the heme
peroxidase family, which shares some sequence homology toMPO. It
is essential for the formation of basement membranes, and in par-
ticular for the generation of the quaternary structure that confers
immune privilege to the pathogenic epitopes in type 4 collagen in
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anti-GBM disease. Circulating autoantibodies to peroxidasin were
found in 11 of 24 patients at diagnosis with anti-GBM disease, and
their development may predate onset of clinical manifestations.
These antibodies were shown to cross-react to MPO, and in a
separate cohort of patients with MPO-AAV, specific antibodies to
peroxidasin were also identified, where they correlated with more
severe disease features. The authors speculate that antibodies to
peroxidasin may therefore have pathogenic potential in a range of
pulmonary renal syndromes, although further work is required to
fully characterize their clinical significance.

Lupus Nephritis
Systemic lupus erythematosus (SLE) is a chronic autoimmune disease,
which can affect any organ, but lupus nephritis is one of the more
common (approximately 60%) and severe manifestations, and it ac-
counts for much of the morbidity and mortality of lupus. SLE is
considerably more common in women than men, at a ratio of 6 to 13:
1, across all age groups. The disease is characterized by autoimmunity
to nuclear components, including anti-ds DNA antibodies, and also by
antibodies against complement components such as C1Q. The
mortality of SLE has fallen over the past 30 years with the introduction
of better immunosuppressive treatment, including intravenous cy-
clophosphamide and MMF, and more recently the development of
ESKD was also reported to have reduced. There are now several
consensus recommendations for managing SLE (3,55–57), and the
topic of lupus nephritis has been well reviewed recently (58,59), so this
article will focus on selected clinical developments.

Epidemiology
Epidemiologic studies show considerable variation in the incidence of
SLE and of lupus nephritis in different parts of the world and in different
ethnic groups. In the United States, SLE has a higher incidence and
prevalence in Blacks and Hispanics than in Whites. In a number of
reports, the incidence in Blacks ranges from around 8–16/100,000
person-years, compared with 3–6 in Whites (60). A recent study of
724 patients shows increased prevalence of lupus nephritis in
Blacks, Asian/Pacific Islanders, and Hispanics, with prevalence
ratios of 1.74 (95%, 1.40 to 2.16), 1.68 (95%, 1.38 to 2.05), and 1.35
(95%, 1.05 to 1.74), respectively, compared with the White population
(61). The time to development of nephritis after diagnosis of SLE was
also shorter in the ethnicminority groups, with the highest risk in the first
year after diagnosis. There have also been changes in the clinical pre-
sentation of lupus nephritis over the past five decades, as shown in a study
of 499 patients from Italy (62). The authors reported a progressive
increase in patient age at the time of diagnosis, a longer time between
diagnosis of SLE and development of lupus nephritis, and a progressive
increase in presentation with urinary abnormalities rather than renal
insufficiency. The survival without ESKD ranged from 87% at 10 years
in the earliest 15-year period to 99% in the most recent period. These
observations suggest that the presentation of lupus nephritis has become
less severe in recent years, perhaps as a result of improved diagnosis, and
that this may contribute to improvements in long-term outcome.

Histology
Lupus nephritis can be classified into six histologic classes, from 1 to 6,
according to the recommendations of the International Society of

Nephrology/Renal Pathology Society. This classification has been of
value in guiding treatment and also in developing clinical trials. A
recent revision of the classification provides new and clearer definitions
for mesangial and endocapillary proliferation and for crescents (63).
The previous class 4-S and 4-G lesions have been eliminated, and a
new proposal has been made for activity and chronicity indices, based
on the National Institutes for Health scoring system. The evaluation of
these proposed definitions is ongoing.

The relationship between clinical disease activity and histologic
activity is not clear and has been questioned in recent studies. In one
study, 28 patients with proliferative lupus nephritis underwent re-
peated biopsy after treatment, and it was found that about a third of
patients with a clinical response still had high histologic activity and
that two thirds of patients in histologic remission were still clinically
active (64). Evidence of chronicity at the second biopsy was asso-
ciated with development of CKD. In a second study, 36 patients
treated for proliferative lupus nephritis and in remission for 12
months underwent repeated kidney biopsy before tapering immu-
nosuppression (65). Flares of lupus nephritis occurred almost ex-
clusively in those with histologic activity on the second biopsy
specimen, suggesting that repeated kidney biopsy may be useful in
managing maintenance immunosuppression.

Associated Antibodies
It is well recognized that patients with lupus nephritis may sometimes
have positive test results for ANCA, but the clinical relevance of this
has been unclear. A recent study demonstrated positivity for ANCA
in 29 (17%) patients with lupus nephritis, and of these 82% had anti-
MPO antibodies (66). Patients positive for ANCA were more likely
to have class 4-S nephritis and glomerular necrosis and had a ten-
dency toward more crescents. They also had more severe renal
impairment at the time of biopsy and were more likely to receive
cyclophosphamide, but they had no significant difference in out-
come. It therefore seems likely that in at least some patients, the
ANCA are contributing to the glomerular pathologic changes.

Since the discovery of anti-PLA2R antibodies in primary mem-
branous nephropathy, it has consistently been found that patients with
class 5 (membranous) lupus nephritis are negative for these antibodies.
However, a recent study demonstrated the presence of antibodies to
exostocin (EXT) 1 and 2 in approximately 10% of patients with anti-
PLA2R-negative membranous nephropathy, including eight of 18 with
class 5 lupus nephritis (67). The clinical importance of this finding is
not yet clear. Please see the article on membranous nephropathy in this
issue of nephSAP for additional discussion.

Surrogate End Points
There has been intense clinical trial activity in lupus nephritis over
recent years, including studies showing the effectiveness of MMF and
of low-dose intravenous cyclophosphamide, both in combination
with corticosteroids. Given that the major goal in treatment of lupus
nephritis is preservation of kidney function, the early studies
depended on end points such as doubling of serum creatinine or
developing ESKD. To allow analysis of the effects of treatment at
earlier time points, a recent study assessed the role of hazard index
tools, including 12-month proteinuria and 12-month serum creat-
inine, using a database of almost 1000 patients with lupus nephritis
(68). Both of these hazard index tools correlated well with long-term
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kidney outcomes, so they should be considered as surrogate end
points for clinical trials.

Multitarget Therapy
Recent clinical trials have studied the use of multitarget therapy, with
the addition of calcineurin inhibitors to standard therapy, and of a
variety of biologic agents in lupus nephritis. A large multicenter study
of 368 patients from China compared induction therapy with a
combination of tacrolimus (4 mg/day), MMF (1 g/day), to in-
travenous cyclophosphamide (0.75 g/m2 per month) (69). Both
groups received intravenous and oral glucocorticoids. At 24 weeks,
45.9% of patients in the multitarget group had achieved complete
remission, compared with 25.6% in the intravenous cyclophos-
phamide group (P<0.001). The overall (complete and partial) re-
sponse rate was also higher in the multitarget group (83.5% versus
63.0%, P<0.001), in whom the time to remission was approximately
4 weeks shorter. In a follow-up study of patients who had responded
at 24 weeks (n=206), the multitarget therapy group continued using
the same combination (tacrolimus 2–3 mg/day, MMF 0.5–0.75g/
day) and the intravenous cyclophosphamide group were switched to
azathioprine (2 mg/kg per day), both with oral prednisolone (10 mg/
day). At 18 months, the multitarget group showed a comparable
renal relapse rate (5.47% versus 7.62%, P=0.74) and fewer adverse
events (16.4% versus 44.4%, P<0.01) (70). These findings sup-
ported the investigators’ hypothesis that targeting multiple aspects of
the immune response could be more effective than single-agent
therapy and that lower doses of multiple drugs may maximize ef-
ficacy and minimize adverse effects.

This hypothesis was further tested in an ethnically diverse pa-
tient population with class 3, 4, or 5 nephritis in the international
phase 2 AURA-LV study (n=265). Voclosporin, a next-generation
calcineurin inhibitor, was compared at high-dose (39.5 mg twice
daily) and low-dose (23.7 mg twice daily) to placebo treatment, in
addition to therapy withMMF (2 g/day) and a rapidly tapered course
of oral glucocorticoids for remission induction (71). Patients re-
ceiving voclosporin showed a higher complete remission rate than
controls: high dose 27.3%, low dose 32.6%, placebo 19.3% (OR for
low dose, 2.03; 95% CI, 1.01 to 4.05; P=0.46) at 24 weeks, which
was maintained at 48 weeks in the low-dose group (39.%, 49.4%,
23.9%, respectively). There were adverse events related to treatment
in voclosporin groups, though this was driven in part by the pro-
tocolized need to assess changes in eGFR, which, not surprisingly,
occurred more frequently in CNI-treated patients. These changes
were generally reversible, and within 2 weeks of the study conclusion,
mean eGFR levels returned to baseline in all groups. However,
infections were more common (13.6% high dose, 12.4% low dose,
8.0% placebo), as were serious adverse events (25.0%, 28.1%,
15.9%) in voclosporin-treated patients. A phase 3 trial of voclosporin
as a component of multitarget therapy completed recruitment in
2019, and results are expected soon (AURORA; Aurinia Renal
Response in Active Lupus with Voclosporin; NCT03021499)

Rituximab
The use of rituximab, a monoclonal antibody that depletes CD20+
B cells, appears a logical approach to treatment of SLE that is supported
by several observational studies (72). However, the LUNAR (Lupus
Nephritis Assessment with Rituximab) study of 144 patients failed to

show additional benefit of rituximab over placebo in lupus nephritis,
when added to MMF and glucocorticoids (73). In that trial, B cell
depletion was defined as CD19+ count <20 cells/µl. When the results
were reanalyzed defining B cell depletion as 0 cells/µl, it was found that
complete peripheral depletion of B cells, and the rapidity and duration
of depletion, were associated with a complete response at week 78
(unadjusted OR of complete response after peripheral depletion 5.8.
95% CI, 1.2 to 28; P=0.03) (74). This interesting result suggests that
rituximab may be effective in lupus nephritis provided there is adequate
B cell depletion. Additional evidence comes from an observational study
which found that rituximab alone or with low-dose steroids was effective
in treating 13 of 15 patients with pure class 5 lupus nephritis, with a
median time to remission of 5 months (75). Belimumab, a monoclonal
antibody against B cell activating factor (BAFF) has been shown to be
effective in SLE, although not specifically in lupus nephritis. Because of
the known rebound in BAFF levels after rituximab, which could lead to
repopulation of autoreactive B cells, the combination of belimumab and
rituximab is being investigated. In one phase 2 study of patients with
refractory disease, this combination prevented the post–rituximab surge
in BAFF, reduced neutrophil extracellular trap formation, allowed
reduction in immunosuppression in 14 of 16 patients, and led to renal
responses in 11 patients (76). Further research on this interesting
approach is warranted.
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et al.: Developments in the histopathological classification of ANCA-associated
glomerulonephritis. Clin J Am Soc Nephrol 15: 1103–1111, 2020 PubMed

Nephrology Self-Assessment Program - Vol 19, No 2, October 2020 101

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25003769&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24072416&dopt=Abstract
https://kdigo.org/guidelines/gn/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24729399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27338776&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28905856&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663621&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26940094&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30380100&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20616173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32723805&dopt=Abstract


12. Brix SR, NoriegaM, Tennstedt P, Vettorazzi E, BuschM,NitschkeM, et al.:
Development and validation of a renal risk score in ANCA-associated
glomerulonephritis. Kidney Int 94: 1177–1188, 2018 PubMed

13. De Groot K, Rasmussen N, Bacon PA, Tervaert JW, Feighery C, Gregorini
G, et al.: Randomized trial of cyclophosphamide versus methotrexate for
induction of remission in early systemic antineutrophil cytoplasmic
antibody-associated vasculitis. Arthritis Rheum 52: 2461–2469,
2005 PubMed

14. Harper L, Morgan MD, Walsh M, Hoglund P, Westman K, Flossmann O,
et al.; EUVAS investigators: Pulse versus daily oral cyclophosphamide for
induction of remission in ANCA-associated vasculitis: Long-term follow-up.
Ann Rheum Dis 71: 955–960, 2012 PubMed

15. Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman GS, et al.;
RAVE-ITN Research Group: Rituximab versus cyclophosphamide for
ANCA-associated vasculitis. N Engl J Med 363: 221–232, 2010 PubMed

16. Jones RB, Tervaert JW, Hauser T, Luqmani R, Morgan MD, Peh CA, et al.;
European Vasculitis Study Group: Rituximab versus cyclophosphamide
in ANCA-associated renal vasculitis. N Engl J Med 363: 211–220,
2010 PubMed

17. Jones RB, Hiemstra TF, Ballarin J, Blockmans DE, Brogan P, Bruchfeld A,
et al.; European Vasculitis Study Group (EUVAS): Mycophenolate mofetil
versus cyclophosphamide for remission induction in ANCA-associated
vasculitis: A randomised, non-inferiority trial. Ann Rheum Dis 78:
399–405, 2019 PubMed

18. Tuin J, Stassen PM, Bogdan DI, Broekroelofs J, van Paassen P, Cohen
Tervaert JW, et al.: Mycophenolate mofetil versus cyclophosphamide for the
induction of remission in nonlife-threatening relapses of antineutrophil
cytoplasmic antibody-associated vasculitis: Randomized, controlled trial.
Clin J Am Soc Nephrol 14: 1021–1028, 2019 PubMed

19. Walsh M, Catapano F, Szpirt W, Thorlund K, Bruchfeld A, Guillevin L,
et al.: Plasma exchange for renal vasculitis and idiopathic rapidly progres-
sive glomerulonephritis: A meta-analysis. Am J Kidney Dis 57: 566–574,
2011 PubMed

20. Walters GD, Willis NS, Cooper TE, Craig JC: Interventions for
renal vasculitis in adults. Cochrane Database Syst Rev 1: CD003232,
2020 PubMed

21. Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al.;
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