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Summary

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are a group of
small vessel vasculitides which commonly affect the kidneys, manifesting as rapidly progres-
sive glomerulonephritis. In this review, we present different treatment methods (e.g. cyclo-
phosphamide, rituximab, plasma exchange) used for remission induction and maintenance
in renal AAV. We also discuss treatment options in relapsing and refractory disease and for
patients with end-stage renal disease due to AAV. In addition, we enumerate the various risk
factors associated with relapsing and refractory disease, quality of life impairment and de-
creased renal and patient survival in AAV. Finally we present information on new, potentially
applicable agents which can further help modify the disease course, thereby leading to in-
creased patient survival.
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List
of abbreviations:

AAV- ANCA-associated vasculitides, AGP- alpha-1 acid glycoprotein, ANCA-antineutrophil cyto-
plasmic antibody, ATG-antithymocyte globulin, BAFF- B-cell activating factor belonging to tumor
necrosis family, BHPR- British Health Professionals in Rheumatology, BLyS- B-lymphocyte stimu-
lator, BSR-The British Society for Rheumatology, BTZ - bortezomib, BVAS- Birmingham Vasculitis
Activity Score, CCL18- CC chemokine ligand 18, CRP- C-reactive protein, CY — cyclophosphamide,
DSG- 15-deoxyspergualin, eGFR- estimated glomerular filtration rate, EGPA- eosinophilic granu-
lomatosis with polyangiitis, ELISA— enzyme-linked immunosorbent assay, ESRD- end-stage renal
disease, EUVAS- the European Vasculitis Society (formerly the European Vasculitis Study Group),
GPA- granulomatosis with polyangiitis, IgG-immunoglobulin G, lIF- indirectimmunofluorescen-
ce, IV-CY- intravenous cyclophosphamide, IVIG- intravenous immunoglobulin, KIM-1- kidney
injury molecule-1, MCP-1- monocyte chemoattractant protein-1, MMF — mycophenolate mofetil,
MPA- microscopic polyangiitis, MPO — myeloperoxidase, MTX — methotrexate, NGAL- neutrophil
gelatinase-associated lipocalin, PCT - procalcitonin, PLEX- plasma exchange, PML- progressive
multifocal leukoencephalopathy, PR3- proteinase-3, QOL- quality of life, RLV- renal-limited
vasculitis, RPGN - rapidly progressive glomerulonephritis, RTX-rituximab, SF-36- short form 36,
Syk- spleen tyrosine kinase, VDI- vasculitis damage index.

INTRODUCTION

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitides (AAV) are a group of small vessel vasculitides
which are characterized by the presence of ANCA in the
circulation (although it should be noted that some pa-
tients have no circulating ANCA [i.e. are ANCA-negative]
but have similar disease manifestations as those who are
ANCA-positive) [22,48].

ANCA are autoantibodies directed against cytoplasmic an-
tigens on neutrophils and monocytes. The most common
antigenic targets for ANCA are proteinase-3 (PR3) and
myeloperoxidase (MPO) [29,48]. ANCA is detected using
indirect immunofluorescence (IIF) and enzyme-linked
immunosorbent assay (ELISA) methods [93]. ANCA has
been implicated in the pathogenesis of AAV [47]. AAV
types include microscopic polyangiitis (MPA), granulo-
matosis with polyangiitis (GPA, formerly called Wegene-
r’s granulomatosis), eosinophilic granulomatosis with
polyangiitis (EGPA, formerly Churg-Strauss syndrome)
and renal-limited vasculitis (RLV) [48].

Although AAV can occur at any age, it typically occurs be-
tween the fifth and seventh decades of life, with a greater
incidence in Caucasians than in people of African descent
[48,78]. The estimated disease incidence for AAV is 15-23
per million population [76].

AAV can affect different organ systems of the body (e.g.
the lungs, heart, kidneys, nervous system, etc.) but re-
nal involvement (often in the form of rapidly progres-
sive glomerulonephritis [RPGN]) seems to be one of the
most clinically significant and perhaps the most severe
[48,78]. The frequency of occurrence of renal involve-
ment is greater in GPA (80%) and MPA (90%) and lesser
in EGPA (45%) [48]. Clinical features of renal involve-
ment include hematuria with dysmorphic red blood cells
and red cell casts, proteinuria and renal failure [48,78].
RPGN in AAV can quickly result in end-stage renal dise-
ase (ESRD) if not urgently and aggressively addressed.

Renal biopsy remains the gold standard for the diagno-
sis of AAV [5].

Disease activity in AAV is assessed using the Birmingham
Vasculitis Activity Score (BVAS) [104], while damage in
AAV (which can be either disease or treatment-related)
can be assessed using the Vasculitis Damage Index (VDI)
[96]. The remainder of this article shall focus on the dif-
ferent treatment methods for renal AAV and also the pro-
gnostic determinants of renal and patient survival.

Treatment or AAV

Treatment goals in AAV include achievement of good di-
sease control in order to prevent further organ damage,
prevention of relapse and management of treatment to-
xicity [6,81]. Some steps that can be taken in the manage-
ment of treatment toxicity are listed in table 1. In order
to optimize the treatment of AAV, the European Vasculitis
Society (EUVAS) has categorized the disease stages into 5
categories as follows [77]:

* Localized disease: Defined as the presence of upper and/
or lower airway disease in the absence of other systemic
involvement or constitutional symptoms.

* Early systemic disease: Defined as the presence of any
disease which is not organ- or life-threatening.

* Generalized disease: Defined as the presence of renal or
other organ-threatening disease and a serum creatinine
level of below 500 umol/I (5.6 mg/dl).

* Severe disease: Defined as the presence of renal or other
vital organ failure and a serum creatinine level of above
500 umol/1 (5.6 mg/dl).

* Refractory disease: Defined as the presence of progressi-
ve disease that is unresponsive to standard therapy (e.g.
glucocorticoids and cyclophosphamide).

Treatment of AAV is made up of two phases, namely in-
duction of remission and maintenance of remission (see
figure 1). The choice of treatment regimen in each phase
is based on the disease stage and severity [95].
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Table 1. Adjunctive (supportive) therapy in ANCA-associated vasculitides

1. Mesna and adequate fluid intake (or infusion) with CY.
2. Antiemetics with IV-CY.

3. TMP-SMX* as standard prophylaxis against Pneumocystis jirovecii and
Legionella infections in patients on immunosuppressive therapy (avoid
concomitant use of TMP-SMX with MTX as much as possible).

4. Mupirocin for elimination of nasal carriage of Staphylococcus aureus.

5. Pneumococcal and flu vaccination for patients on immunosuppressive
therapy.

6. Osteoporosis prophylaxis for patients on high-dose glucocorticoids.
7. BP control with dietary Na* restriction and antihypertensive drugs.

8. Hormonal augmentation (e.g. use of leuprolide in women and
testosterone in men) to preserve fertility in patients taking CY; sperm
and oocyte cryopreservation may also be considered.

9.TB screening for patients on immunosuppressive therapy.
10. Antifungal prophylaxis for patients on immunosuppressive therapy.

11. Gynecological screening against CIN in female patients on
immunosuppressive therapy.

12. Folic or folinic acid supplementation for patients on MTX.

13. Use of thromboembolic prophylaxis where necessary.

*TMP-SMX is also useful for elimination of chronic nasal carriage of
Staphylococcus aureus which is a recognized risk factor for relapsing disease
in GPA. Abbreviations: BP - blood pressure; CIN - cervical intraepithelial
neoplasia; CY - cyclophosphamide; GPA - granulomatosis with polyangiitis;

IV - intravenous; Mesna - 2-mercaptoethane sulfonate sodium; MTX -
methotrexate; TB - tuberculosis; TMP-SMX - trimethoprim —sulfamethoxazole

InbucTioN THERAPY

This involves the use of treatment regimens for a period
of 3-6 months to induce remission [95]. The treatment
methods used in this phase are as follows:

1. High-dose glucocorticoids: Glucocorticoids are an inte-
gral part of the treatment regimen for AAV. For induction
therapy in renal disease, high-dose glucocorticoids are
used in combination with another immunosuppressive
drug (e.g. cyclophosphamide or rituximab) [78,81]. One
study however linked the extended use of glucocorticoids
(>6 months) with an increased risk of infection without
a significant decrease in the risk of disease relapse [68].
Apart from increased susceptibility to infections, other
potential adverse effects of high-dose and/or long-term
glucocorticoid use include osteoporosis, cushingoid fe-
atures, weight gain, diabetes mellitus, cataracts, gastro-
intestinal complications, increased risk of adverse cardio-
vascular events (e.g. ischemic heart disease, heart failure),
nonmelanoma skin cancers, and others [54,92]. Measures
aimed at limiting the adverse effects of glucocorticoids
include the use of the lowest dose of glucocorticoids for

the shortest period of time required to achieve treatment
objectives, treatment of preexisting comorbidities (e.g.
hypertension, osteoporosis, diabetes mellitus) that may
increase risk when glucocorticoid administration is re-
quired (see table 1), and monitoring of those undergoing
glucocorticoid treatment for adverse effects that may be
ameliorated by the use of additional interventions [92].
The ongoing PEXIVAS (Plasma exchange and glucocorticoid
dosing in the treatment of anti-neutrophil cytoplasm antibody-
-associated vasculitis) trial seeks to provide more informa-
tion on the optimal dosing of glucocorticoids in AAV so as
to improve treatment efficacy and reduce toxicity [116].

2. Cyclophosphamide-based therapy: The most commonly
used induction therapy in renal AAV is the combination
of cyclophosphamide (CY) and glucocorticoids [48,95].
This classical combination has been very instrumental in
altering the natural history of AAV [48]. Oral CY has most
often been used, but the CYCLOPS (Daily oral versus pulse
cyclophosphamide for renal vasculitis) trial has shown
that intravenous pulse CY (IV-CY) is equally as efficacious
as the oral form of the drug for induction of remission.
IV-CY also has an added advantage of guaranteeing a lo-
wer cumulative dose of CY, thereby reducing the risks of
adverse effects (e.g. bone marrow suppression, increased
susceptibility to infections, bladder toxicity, infertility,
cardiovascular diseases and malignancies) commonly as-
sociated with this cytotoxic agent [18,28,77,81]. The only
drawback of IV-CY is that it has been associated with a
greater risk of relapse than daily oral CY [37]. In using IV-
-CY, there is a need for dose adjustment in patients over
60 years old and in those with impaired renal function
[18]. CY-based therapy is currently recommended as the
standard therapy for remission induction in generalized
disease and also in severe AAV (in combination with pla-
sma exchange) [77,95].

3. Rituximab-based therapy: Rituximab (RTX) is a chi-
meric monoclonal antibody directed against CD20. Its
role is to deplete B cells, which are believed to play a
role in the pathogenesis of AAV [95]. A number of stu-
dies have been conducted to investigate the efficacy of
RTX in the treatment of AAV. The RAVE (Rituximab in
ANCA-associated vasculitis) and RITUXVAS (Rituximab
versus cyclophosphamide in ANCA-associated renal va-
sculitis) trials and their long-term follow-up demonstra-
ted that RTX-based therapy (RTX and glucocorticoids)
was as efficacious as CY-based therapy for remission
induction in patients with severe AAV, with their sa-
fety profiles being identical [50,51,100,103]. A recently
published post hoc analysis of patients from the RAVE
trial who had renal involvement also showed that RTX-
-based therapy was as effective as CY-based therapy in
inducing remission in these patients [31]. Another ad-
vantage of RTX is that this drug, unlike CY, has not been
linked to infertility, thereby making it safer for use by
patients of reproductive age. RTX can therefore serve
as a therapeutic alternative to CY for patients with re-
nal AAV, particularly in those desiring to avoid some of
the adverse effects associated with the use of the latter.
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Interestingly, a number of recently published studies
have also shown that the use of a combination regimen
of RTX and CY was more effective in inducing a prolon-
ged disease-free remission than an RTX-only regimen.
For instance, in a study by Mansfield et al. involving
patients with renal AAV, RTX-based low-dose CY thera-
py (a combination of RTX, low-dose CY and a reducing
protocol of daily oral glucocorticoids) was also found
to be efficacious in inducing long-term disease-free re-
mission [64]. In another study involving a retrospective
analysis of RTX-treated AAV patients, it was found that
RTX-treated patients who were never exposed to CY had
a shorter time to relapse (50% by 8 months) in compa-
rison to RTX-treated patients with a history of prior or
concurrent exposure to CY(50% by 24 and 30 months
respectively) [69]. Some of the reported adverse effects
associated with RTX use include infusion reactions, hy-
pogammaglobulinemia, blunted humoral response to
immunization and reactivation of latent hepatitis B virus
[43,59,65,81]. There have also been some reported cases
of progressive multifocal leukoencephalopathy (PML)
occurring in patients treated with RTX [15,75]. In most
of these cases, the patients were also treated with several
other immunosuppressive agents, thereby making it dif-
ficult to solely attribute the development of PML to RTX
use. However, there is a need to inform patients of the
existence of such potential risk. There is also a need for
continued monitoring and assessment of patients treated
with this agent. Infusion reactions occur in about 20% of
patients and may be minimized by appropriate preme-
dication. RTX-induced hypogammaglobulinemia occurs
in a minority of patients, and this has been associated
with prior exposure to other immunosuppressives such
as CY and glucocorticoids [65]. However, only patients
with recurrent infections due to severe RTX-induced
hypogammaglobulinemia are treated with intravenous
immunoglobulin replacement [34]. Patients treated with
RTX have also been shown to have an impaired humoral
response to most vaccines [43]. It is therefore advisable
that patients be vaccinated at least 2 weeks before RTX
administration, or 4 months after RTX [43, 81].

4. Mycophenolate mofetil (MMF): In a number of small,
prospective, open-label trials involving MPA patients with
mild to moderate renal involvement, in which the effica-
cies of MMF and CY for remission induction were compa-
red, MMF was found to be effective in ameliorating the
symptoms of renal disease, thereby indicating that MMF
may represent an alternative to CY therapy in these pa-
tients [36,42,97]. One retrospective study in AAV patients
with moderate renal failure also showed that MMF had a
similar efficacy profile as CY [21]. However, preliminary
results from the MYCYC (Mycophenolate mofetil versus
cyclophosphamide for remission induction in ANCA as-
sociated vasculitis) trial failed to demonstrate the no-
ninferiority of MMF to IV-CY for remission induction at
the primary end point (6 months) in patients with newly
diagnosed AAV [49]. Thus, recommendations on the use
of MMF for induction must await the publication of the
final results and long-term follow-up of this trial.

5. Plasma exchange: Plasma exchange (PLEX) or plasma-
pheresis is presently indicated as an adjunct to standard
therapy (e.g. CY and glucocorticoids) for the treatment
of two manifestations of severe AAV, namely severe renal
disease and diffuse alveolar hemorrhage [29,48,77,119].
With PLEX, autoantibodies such as ANCA (which are be-
lieved to play a role in the pathogenesis of AAV) can be
removed from the circulation. Results from the MEPEX
(Methylprednisolone or plasma exchange for severe re-
nal vasculitis) trial comparing the use of PLEX to intra-
venous pulse methylprednisolone indicate that PLEX was
associated with a speedier recovery from AAV-induced
renal failure and also a decreased risk of progression to
ESRD [45]. The MEPEX long-term follow-up however fa-
iled to demonstrate a clear clinical benefit of PLEX over
intravenous pulse methylprednisolone [114]. PLEX has
also been shown to be efficacious in PR3-ANCA patients
with moderate renal failure when used in combination
with standard induction therapy [33]. However, eviden-
ce regarding PLEX is still debated and is presently being
addressed through a randomized trial called PEXIVAS
(Plasma exchange and glucocorticoid dosing in the tre-
atment of anti-neutrophil cytoplasm antibody-associated
vasculitis) [116].

MaINTENANCE THERAPY

It is recommended that after the induction of remission,
maintenance therapy be continued for at least 18-24 mon-
ths, as early withdrawal of therapy is associated with a
greater risk of disease relapse [19,77,81]. Treatment re-
gimens used for remission maintenance are as follows:

Azathioprine: Azathioprine is presently recommended as
the standard therapy for maintenance of remission in AAV
[81]. The CYCAZAREM (Cyclophosphamide versus azathio-
prine for the maintenance of remission) trial in patients
with generalized AAV has shown that the replacement of
CY with azathioprine after a successful induction of remis-
sion with the former did not result in an increase in the
relapse rate; this substitution helped prevent prolonged
exposure to CY [46]. Azathioprine is a prodrug that is meta-
bolized to 6-mercaptopurine (6-MP), which is then further
metabolized to several metabolites including 6-thiogu-
anine (6-TG) and 6-methylmercaptopurine (6-MMP). Two
enzymes are responsible for catalyzing these reactions:
thiopurine methyltransferase (TPMT) and hypoxanthi-
ne phosphoribosyltransferase. Bone marrow suppression
correlates with elevated levels of 6-TG greater than 400,
while elevated levels of 6-MMP greater than 5700 correlate
with liver toxicity, manifested as increased liver enzymes.
Hence, it is suggested that both TPMT genotype and TPMT
enzyme activity (phenotype) be assessed in all patients in
whom azathioprine is considered. Monitoring of the com-
plete blood count and liver function tests weekly for the
first month and then monthly must be continued as long
as the patient is being given azathioprine.

Methotrexate: The WEGENT trial and its long-term fol-
low-up comparing methotrexate (MTX) with azathio-
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prine as maintenance therapy in AAV showed that MTX
had a similar efficacy and safety profile as azathioprine
[82,86]. Results from the NORAM (Non-renal Wegener’s
granulomatosis treated alternatively with methotrexate)
trial showed that MTX was less effective as maintenance
therapy in patients who did not receive CY for induction
therapy [19]. MTX can be used as alternative therapy for
remission maintenance in patients with mild renal dise-
ase (serum creatinine level <130 umol/l [1.5 mg/dL] or
estimated glomerular filtration rate (eGFR) > 30- 40 mL/
min/1.73 m?) who cannot tolerate azathioprine [25,77,95].
Also the use of MTX for maintenance treatment requires
continuation of therapy for a period longer than 12 mon-
ths; this is because earlier cessation of therapy is a risk
factor for relapse [19].

Mycophenolate mofetil: MMF was found to be less ef-
ficacious than azathioprine for remission maintenance
in the IMPROVE (International mycophenolate mofetil
protocol to reduce outbreaks of vasculitides) trial due
to a higher frequency of disease relapse associated with
its use. The two agents were however similar in terms of
adverse events [40]. In other studies, MMF was found to
be effective for remission maintenance in patients with
renal AAV [21,80,97]. MMF is presently recommended
for use as maintenance therapy in those patients who
can neither tolerate azathioprine nor use MTX because
of impaired renal function [25,81].

Rituximab: The use of RTX as maintenance therapy is
still evolving. An 18-month follow-up to the RAVE trial,
already alluded to in the section on induction therapy,
showed that a single course of RTX (once weekly admi-
nistration for a total of 4 weeks) during induction thera-
py, followed by placebo for maintenance therapy, was as
efficacious as continuous administration of conventional
immunosuppressive agents (CY for induction therapy
followed by azathioprine for maintenance therapy) over
the 18-month period in patients with severe AAV [100]. A
recently published study by the French Vasculitis Study
Group demonstrated that the use of RTX as maintenance
therapy (after an initial RTX-based induction therapy) in
patients with GPA was associated with reduced relapse
rates [13]. Most of the other studies currently available
in this area are retrospective studies on the use of RTX as
preemptive maintenance therapy in patients with relap-
sing or refractory AAV, and the results have been quite
promising [16,55,90,99]. Results from the MAINRITSAN
(Maintenance of remission using rituximab in systemic
ANCA-associated vasculitis) trial and its extended follow-
-up study comparing the efficacy of RTX to azathioprine
for remission maintenance have shown RTX to be associa-
ted with a lower relapse risk and also better overall survi-
val compared to azathioprine [35,106]. Final results from
the ongoing MAINRITSAN 2 (Maintenance of remission
using rituximab in systemic ANCA-associated vasculitis
1) and RITAZAREM (Rituximab vasculitis maintenance
study) trials will help provide more information on the
efficacy of RTX as maintenance therapy [111,112]. The
main objective of MAINRITSAN 2 is to ascertain whether

RTX administration based on ANCA progression or CD19+
lymphocyte count is as effective as fixed periodic admini-
stration of the same agent [111]. RITAZAREM is aimed at
testing the efficacy of repeated periodic administration of
RTX in relapse prevention in AAV and also at comparing
the efficacy of RTX to that of older maintenance treat-
ments such as azathioprine and MTX [112].

Low-dose glucocorticoids: It is recommended that low-
-dose glucocorticoids be used in combination with other
immunosuppressive agents (steroid-sparing drugs) such
as azathioprine, MTX, MMF or RTX for remission main-
tenance. Steroid-sparing drugs have a two-fold benefit,
namely to reduce or eliminate the need for glucocorti-
coids while also maintaining good disease control. Upon
achieving sustained remission, the glucocorticoid dose
can then be gradually tapered off [25,77,81].

Leflunomide: The LEM (Leflunomide versus methotrexate
in the therapy of ANCA vasculitis) trial, which involved
patients with generalized GPA and a serum creatinine
level of < 115 umol/1 (1.3 mg/dl) and which compared
leflunomide with MTX for remission maintenance, was
terminated prematurely due to a higher than expected
incidence of relapse occurring in the MTX arm of the trial.
However, available results from this trial showed that le-
flunomide was more efficacious than MTX in preventing
disease relapse, with its only drawback being increased
incidence of adverse effects [71]. Therefore, the role of
leflunomide in the treatment of AAV patients with signi-
ficant renal manifestations remains to be established.

Enp-Stace Renac Disease (ESRD) in AAV

Statistics on the incidence of ESRD in AAV patients vary
based on different patient cohort series; in one study,
ESRD was shown to occur in about 26% of AAV patients
[61]. ESRD may be due to acute kidney injury or progres-
sive chronic kidney disease [61,78] and is associated with
a considerable degree of morbidity and mortality in the-
se patients. Risk factors for progression to ESRD include
a higher serum creatinine level at presentation, CY-re-
sistant disease and global glomerulosclerosis on renal
biopsy [6,61].

IMmmunosuPPREssIVE TREATMENT IN ESRD AAV Patients on
MaiNTENANCE DiaLysis

Results from different cohort series showed that of those
patients requiring dialysis during the acute phase of di-
sease, more than half went on to recover sufficient renal
function allowing them to be weaned off dialysis [26].
These results therefore support the use of immunosup-
pressive therapy in ESRD AAV patients needing dialysis.
However, studies also showed that AAV patients on chro-
nic dialysis had a lower rate of relapse [39,61]. Further-
more, an increased incidence of infection was found to
occur in AAV patients who were on chronic dialysis and
were being concurrently treated with maintenance im-
munosuppressive agents, thereby suggesting that such
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patients might benefit from maintenance immunosup-
pressive therapy of limited duration [39,61]. Presently
there is no evidence from randomized control trials indi-
cating the optimal duration of immunosuppressive treat-
ment in ESRD AAV patients. The only available evidence
concerning the treatment of this patient group is based
on expert opinion [26], and it is as follows:

« For patients without evidence of active renal (absen-
ce of hematuria with dysmorphic red blood cells) and
extrarenal manifestations of disease, immunosuppressi-
ve treatment should be continued until the patient has
completed 3-6 months of maintenance therapy, after
which the patient can then be weaned off immunosup-
pressive agents provided the disease remains inactive.

Patients with persistent active renal disease (i.e. persi-
stence of active urinary sediments) but no evidence of
extrarenal disease are treated with immunosuppressi-
ve agents as in patients without ESRD. This is because
continued immunosuppressive therapy in such patients
might result in recovery of sufficient renal function, al-
lowing them to be weaned off dialysis.

other maintenance dialysis patients with active AAV are
treated in a manner similar to patients not requiring ma-
intenance dialysis, with the type and duration of immuno-
suppressive therapy being dependent on patient respon-
se and on the presence or absence of relapsing disease.

the use of MTX for maintenance immunosuppression is
contraindicated in patients on chronic dialysis and also
in those with moderate to severe renal failure. CY also
requires dose modification in ESRD patients due to the
risk of myelosuppression.

KipNEY TRANSPLANTATION

Kidney transplantation is an excellent treatment option for
patients with ESRD resulting from AAV [76]. The risk of di-
sease recurrence in patients receiving a kidney transplant
is low, and this is likely due to the excellent effects of the
modern day antirejection regimen in lowering the incidence
of relapse in these patients[26,76]. MPA patients with ESRD
have been found to have worse renal allograft and patient
survival than non-AAV patients with ESRD [4]. ANCA positi-
vity at the time of transplantation does not increase the risk
of disease relapse after transplantation [56], and therefore
should not preclude kidney transplantation provided the
patient is in clinical remission [76]. It is currently recom-
mended that AAV patients be in clinical remission for at
least 12 months before undergoing transplantation [4,56].
Relapse involving the transplanted kidney is treated in a
manner similar to that occurring in the native kidneys [88].

ReLapsinG Disease

Despite implementation of effective treatment plans, some
AAV patients will experience disease relapse (flare). The
risk factors for relapse are listed in table 2. Clinical featu-

res of relapsing disease include rapidly increasing serum
creatinine coupled with the presence of an active urinary
sediment and/or recurrence or exacerbation of proteinu-
ria, the presence of active necrosis or crescent formation
on renal biopsy, or features of active vasculitis in other
organ systems such as the lungs, gastrointestinal tract,
eye, etc. [30,79].

To date, no reliable biomarkers have been established as
being capable of predicting disease relapse. Several studies
have assessed the usefulness of ANCA titers in predicting
relapse among AAV patients; however, serial ANCA titers
or changing levels of anti-PR3 antibodies were not found
to be reliable predictors of relapsing disease in most of
these studies [48,73,107]. A recent meta-analysis of such
trials showed a link between a rise or persistent elevation
in ANCA and relapse [109]. However, the authors of this me-
ta-analysis acknowledged that their results showed only a
modest correlation. Another recently published study by
Hogan et al. in GPA patients showed that relapses could be
predicted in 59% of patients when a combined rise in anti-
-PR3 antibody, C-reactive protein (CRP) and neutrophil co-
unt was observed in the 6-month period prior to a relapse
event [41]. As a result, making therapeutic decisions based
on ANCA titer alone is not encouraged [107].

Research indices of disease relapse include serum proteins/
factors such as calprotectin (S100A8/A9), CC chemokine
ligand 18 (CCL18), CD5+ regulatory B cells and urinary pro-
teins such as alpha-1 acid glycoprotein (AGP), kidney in-
jury molecule-1 (KIM-1), neutrophil gelatinase-associated
lipocalin (NGAL) and monocyte chemoattractant protein-1
(MCP-1). Recent studies involving patients from the RAVE
trial have shown that PR3-ANCA-associated vasculitis pa-
tients who fail to decrease serum calprotectin levels from
baseline values while on treatment are at an increased risk
of early relapse [83]. CCL18 are chemokines produced by
macrophages and dendritic cells in the kidney and whose
levels have been shown to increase during renal relapse
and decrease after the reintroduction or intensification of
immunosuppressive therapy [10]. A study by Bunch et al.
showed that a low percentage of CD5+ regulatory B cells at
B cell repopulation predicts a shorter time to relapse fol-
lowing treatment with RTX irrespective of the treatment
dose [12]. Increased levels of urinary proteins AGP, KIM-
1, NGAL and MCP-1 have also been demonstrated during
renal relapse [60]. Of these urinary proteins, MCP-1 de-
monstrated a greater capability of distinguishing between
active renal disease and remission in AAV.

Distinguishing between systemic infection and active AAV/
disease flare: In the management of relapsing AAV, one
challenge that the clinician faces is that of distinguishing
between infection and active vasculitis. This situation is
further compounded by the fact that infections are also
known to precipitate relapse in AAV patients [81]. In a pa-
per by Buhaescu et al. analyzing the usefulness of procal-
citonin (PCT) levels in detecting systemic infection con-
comitant with systemic autoimmune disorders, PCT was
shown to possess a diagnostic sensitivity of 53-100% and a
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Table 2. Factors associated with increased risk for relapsing and refractory (treatment-resistant) ANCA-associated vasculitides

A.) RELAPSING DISEASE:

PR3-ANCA
ANCA positivity in EGPA
Lung or ENT involvement
GPA
(ardiovascular involvement
Lower SCr (< 200pmol/I [2.2 mg/dI]) at diagnosis
History of relapsing disease
Reduced cumulative exposure to CY (as occurs with IV- CY use)
Early withdrawal of immunosuppressive treatment
S. aureus infection in GPA
High VDI score
Rising or persistently elevated ANCA titer
Reduced eosinophil count at diagnosis (EGPA)

Poor drug compliance

B.) REFRACTORY (TREATMENT-RESISTANT) DISEASE

Female gender (associated with 1 resistance to initial therapy)

African/ African American ethnicity (associated with 1 resistance to initial
therapy)

Advanced age
Severe renal disease at presentation
Lack of optimization of dosage of immunosuppressive therapy

Poor drug compliance

Abbreviations: ANCA - antineutrophil cytoplasmic antibody; CY - cyclophosphamide; EGPA - eosinophilic granulomatosis with polyangiitis; ENT - ear, nose and throat;
GPA - granulomatosis with polyangiitis; IV - intravenous; PR3 - proteinase 3; SCr - serum creatinine; S. aureus - Staphylococcus aureus; VDI - vasculitis damage index.

specificity of 84-97% (depending on the selection criteria)
and was also found to be superior to other inflammatory
markers tested (e.g. CRP and leukocyte count) [11]. This
could be attributed to the findings that PCT levels (unlike
other inflammatory markers) were not significantly alte-
red by impaired renal function, hemodialysis, autoimmu-
ne diseases or treatment with immunosuppressive agents
[11,98]. However, it must be noted that although elevated
PCT levels were commonly found in infections, they could
also be present in some AAV patients with high disease ac-
tivity scores in the absence of systemic infection [11,57].
Therefore measurement of PCT levels should not repla-
ce structured patient evaluation, which should include a
complete history and physical examination coupled with
relevant immunological, microbiological, radiological and
histopathological investigations [11]. When all efforts have
been made, and it still remains impossible to distinguish
between infection and active vasculitis, then both should
be treated simultaneously [24]. For the simultaneous tre-
atment of infection and AAV, intravenous immunoglobulin
(IVIG) infusion may be considered as a treatment option.

Treatment of relapsing disease: Several options are available
depending on the relapse timing (whether occurring during
maintenance therapy or after its cessation) and severity (di-
sease manifestations), and on the presence of prior history
of relapsing disease [24]. When there are doubts as to the
presence of a relapse or as to the severity of the relapse, it
might be necessary to obtain a tissue biopsy [24,43]. Treat-
ment options for relapsing disease are as follows:

* Patients with a minor relapse (mild, non-organ-threate-
ning disease such as recurrent dysmorphic hematuria in

the absence of a rise in the serum creatinine level) who
are still on maintenance therapy at the time of relapse
can be treated by increasing the dose of glucocorticoids
and of the concurrent maintenance immunosuppres-
sion [24,81].

Patients who experience a minor relapse (mild, non-
-organ-threatening disease) after the cessation of ma-
intenance therapy can be treated by a reintroduction
of the prior maintenance immunosuppression along
with a short course (< 1 month) of glucocorticoids. In
this situation, the maintenance therapy should be ad-
ministered for a longer period than was used prior to
the relapse [24].

For patients with a major (severe) relapse (e.g. those
with a rapidly rising serum creatinine level), treatment
often requires a repeat of the initial induction therapy
(e.g. CY) or a conversion to RTX [24,95]. The RAVE trial
showed RTX to be more efficacious than CY in the tre-
atment of relapsing disease [103]. Therefore, for this
reason and also to avoid the possible adverse effects
that could result from repeated exposure to CY, RTX-
-based therapy might be the preferred regimen in these
patients [24,43]. Re-treatment with RTX is also recom-
mended for those who relapse following a prior success-
ful induction with RTX [34,72]. Patients with multiple
relapses (i.e. more than one episode of relapse) are also
treated with RTX to avoid repeated exposure to CY [24].
Addition of PLEX to the immunosuppressive treatment
protocol may also be considered in patients with a major
relapse [81]. For patients with a major relapse who are
unable to tolerate CY or RTX, MMF can be tried [24,101].
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Rerractory (TREATMENT-RESISTANT OR PERSISTENT) DisEASE

Refractory disease has been defined in a previous sec-
tion. Its frequency is estimated at 20% [1]. Renal ma-
nifestations of refractory AAV include a progressive
deterioration in renal function coupled with the per-
sistence of an active urinary sediment [79]. The risk
factors for refractory AAV are listed in table 2. It is re-
commended that refractory disease be treated in close
collaboration with expert centers [77,81]. The various
treatment options include:

* Rituximab: It is presently the first-line agent for tre-
atment-resistant disease. A number of retrospective
trials have shown RTX to be quite effective in the tre-
atment of refractory AAV, with a high frequency of
remission among patients [63,87,89,91,118]. However,
the evidence for RTX efficacy in EGPA is still relati-
vely weak, although it may work in certain settings.
There are few studies available in this area, and most
have involved very few patients or are case reports
[84,89,91]. This is due to the fact EGPA patients have
been excluded from most RTX trials. In other recently
published retrospective studies, RTX was shown to be
efficacious in the treatment of patients with refrac-
tory EGPA [74,108].

Mycophenolate mofetil: In one study, MMF was found
to be useful in the treatment of CY-resistant AAV [52].

Gusperimus (15-deoxyspergualin [DSG]): Gusperimus
is an analogue of spergualin with immunomodulato-
ry actions towards T cells, B cells, macrophages, den-
dritic cells, antigen-presenting cells and neutrophils
[85]. Trials have demonstrated the effectiveness of
this agent in the treatment of refractory GPA [7,27].
Careful leukocyte control is however required with
the use of this drug [7].

Alemtuzumab (CAMPATH-1H): This humanized an-
ti-CD52 monoclonal antibody has been shown to be
effective in inducing remission in patients with re-
lapsing or refractory AAV [115]. However, the use of
this agent has also been associated with an increased
frequency of occurrence of relapsing disease and se-
vere adverse events [115]. Therefore, further rando-
mized control trials are needed in order to verify the
efficacy and safety of this agent.

Plasma exchange: Results from a recently published
study in patients who had progressive AAV despite the
use of standard induction treatment showed that the
addition of PLEX to standard induction therapy resul-
ted in improved renal function in these patients [20].

Intravenous immunoglobulin (IVIG): Administration
of IVIG has been shown to be effective in reducing di-
sease activity in patients with persistent disease [44].
However, since the effects of this agent do not last bey-
ond 3 months, repeated infusion might be necessary.

Diagnosis of AAV
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Fig. 1. Treatment algorithm for renal ANCA-associated vasculitides (modified
from Schonermarck et al. [95]. * Use TMP-SMX for Pneumocystis
jirovecii prophylaxis in those on CY or GC therapy; # - Taper GG, ** - for
use in GPA. Abbreviations: AAV - ANCA-associated vasculitis; AZA -
azathioprine; CY - cyclophosphamide; DSG - 15-deoxyspergualin;
IV-CY - intravenous pulse cyclophosphamide; IVIG - intravenous
immunoglobulin; GC - glucocorticoid; GPA - granulomatosis with
polyangiitis; MMF - mycophenolate mofetil; MTX - methotrexate;
PLEX - plasma exchange; RTX - rituximab; TMP-SMX - trimethoprim-
sulfamethoxazole.

* Stem cell transplantation: Results from a few case
series indicate that autologous peripheral stem cell
transplantation may be a useful treatment option in
patients with treatment-resistant AAV [58,102]. More
studies are however required to verify the efficacy of
this treatment method.
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Treatment oF RenaL AAV IN THE ELDERLY

AAV in the elderly represents a serious condition associated
with increased morbidity and mortality, especially in the
first year of diagnosis [38,117]. Older patients more com-
monly present with MPO-ANCA-positive disease and seve-
re renal involvement in comparison with younger patients
[8,38]. Advanced age and a high serum creatinine level at
presentation have been associated with a worse outcome
[38,62,117]. Furthermore, older patients sometimes die from
complications of therapy (e.g. infections) rather than from
the underlying disease itself. These and other factors such
as frailty of this age group and the presence of comorbidities
all combine to hinder therapy.

Older patients are particularly sensitive to the adverse ef-
fects of immunosuppressive agents. For instance, high-dose
glucocorticoids are often poorly tolerated in the elderly (due
to complications such as hyperglycemia and infections), and
hence there might be a need to consider dose reduction or
shortening of the exposure time. CY also needs to be dose-
-adjusted for age and GFR in older patients in order to limit
toxicity [18]. RTX may offer some advantages, but we still
have limited data in this older population.

Despite a high incidence of AAV among the elderly, many
randomized studies have excluded patients = 75 years old. At
present, there are only a few observational studies available
from which to glean insight into the treatment of patients
in this age category. One example is the recently published
study by Weiner et al. involving patients aged = 75 years (the
largest retrospective study so far for patients of this age
group). In this study, it was found that patients treated with
adequate doses of CY or RTX following diagnosis had better
overall survival than those who received a less aggressive
therapy (i.e. those with a more frail phenotype) [117]. This
study went further to show that, of the patients who were
dialysis dependent at diagnosis, those treated with PLEX de-
monstrated better renal survival. In another study involving
patients aged >80 years with renal AAV, it was found that the
incidence of ESRD in the first year of diagnosis was much
lower in patients treated with immunosuppressive therapy
compared with their untreated counterparts [8]. In a third
study that included patients with renal AAV >65 years old,
treatment with standard immunosuppressive agents (CY
plus glucocorticoids) was found to be both safe and efficacio-
us in elderly patients after adjusting the CY dose for age [38].
All these studies indicate that standard immunosuppressive
therapy is beneficial in elderly patients with AAV. Prophy-
lactic medications (such as trimethoprim-sulfamethoxazole,
vitamin D, bisphosphonates, antacid therapies, aspirin and
statins) should also be used in older patients. Finally, more
studies aimed at finding efficacious yet less toxic therapies
are needed in these patients.

Quavrty oF Lire N AAV Patients

Studies have shown that AAV patients experienced quality
of life (QOL) impairment to a magnitude greater than that
of the general population but comparable to that experien-

Table 3. Factors associated with decreased renal and patient survival in ANCA-
-associated vasculitides

1. Presence of renal involvement at diagnosis.
2.The need for renal replacement therapy at diagnosis.
3. Advanced age.

4. Black ethnicity.

5. Presence of pulmonary hemorrhage.

6. MPO-ANCA positivity.

7. Low eGFR at 6 months of immunosuppressive therapy.

8. Presence of arterial sclerosis, global glomerulosclerosis,
tubulointerstitial fibrosis or atrophy on renal biopsy.

9. Presence of life-threatening complications with high SAPS Il and BVAS
scores.

10. Presence of renal relapse.
11. Lack of response to initial therapy
12. Presence of early organ damage.

13. Double positive disease (presence of both ANCA and anti-GBM
antibody in patients with crescentic GN).

14. Reduced hemoglobin concentration.

15. Increased leukocyte count.

Abbreviations: ANCA - antineutrophil cytoplasmic antibody; BVAS -
Birmingham vasculitis activity score; eGFR - estimated glomerular filtration
rate; GBM - glomerular basement membrane; GN - glomerulonephritis;
MPO-ANCA - myeloperoxidase-antineutrophil cytoplasmic antibody; SAPS Il -
simplified acute physiology score Il

ced by patients with other chronic diseases [3]. Patient with
relapsing AAV reported a much worse QOL than those wi-
thout relapsing disease [14]. One of the key contributors to
QOL impairment in AAV is fatigue [3]. Fatigue was found
to be strongly associated with the following factors: sleep
disturbance, presence of pain, dysfunctional coping beha-
viors (i.e. denial and behavioral disengagement), presence
of inflammation (as indicated by an elevated CRP level) and
female gender [2]. Medication-related support from physi-
cians and partners was found to be a predictor of improved
health-related QOL in these patients [14]. The British Socie-
ty for Rheumatology (BSR) and British Health Professionals
in Rheumatology (BHPR) guidelines for the management of
adults with AAV recommend a regular assessment of QOL
using tools such as the 36-item Short Form (SF-36) [81]. SF-
36, an easy-to-use quality of life measure, can be freely ac-
cessed online [70].

Proanosis AND Outcome IN AAV PaTienTs

Treatment greatly modifies the natural history of AAV,
as 1-year mortality in untreated systemic disease can be
as high as 80% [78]. Because renal involvement is often
a part of the AAV spectrum, it is a strong determinant of
final outcome [29]. The 5-year renal and patient survival
with adequate treatment ranges from 65 to 75% [62]. The
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factors associated with reduced renal and patient survival
in AAV are listed in table 3.

PotentiaL THERAPIES FOR AAV

Potential therapies for AAV include:

* Ofatumumab: This is a humanized anti-CD20 monoclonal
antibody which, like RTX, acts by depleting B cells. One
retrospective study showed ofatumumab to be effective
in the treatment of AAV patients including those with
renal disease, thereby making this agent a potential
alternative for use in patients who cannot take or tole-
rate RTX [66]. Also, the cost per course of ofatumumab
is lower compared to RTX (£2548 versus £3492 in the
United Kingdom) [66]. Prospective studies are needed
to further verify the efficacy of this agent.

Belimumab: Belimumab is a monoclonal antibody di-
rected against B-cell activating factor belonging to the
tumor necrosis family (BAFF), also called B-lymphocyte
stimulator (BLyS). This agent is presently undergoing
phase 3 evaluation to ascertain its efficacy in combina-
tion with azathioprine for remission maintenance in
AAV patients (the BREVAS [Belimumab in remission of
vasculitis] trial) [110].

CCX168 (antagonist of human C5a receptor): This agent
was found to be effective in ameliorating anti-MPO-
-induced necrotizing glomerulonephritis when admi-
nistered orally to mice expressing human C5a recep-
tor (CD88) [120]. CCX168 is presently being evaluated
in renal AAV patients, and recently published results
from the phase 2 trials have shown that the agent is
both safe and efficacious in inducing renal remission
in these patients [17].

Antithymocyte globulin (ATG): Although this agent was
shown to possess some efficacy against severe refrac-
tory GPA in a single study using a protocol designed by
EUVAS [94], its role in the treatment of renal manifesta-
tions of AAV is still to be determined. Also, ATG should
only be used under special caution after exclusion of
concomitant infection and fluid overload [94]. Routine
usage is not recommended.

Bortezomib (BTZ): In experimental animal (mice) mo-
dels, BTZ (a proteasome inhibitor) was found to be more
efficacious than a steroid/CY combination regimen in
decreasing the number of MPO-specific plasma cells,
thereby reducing anti-MPO titers and preventing the
development of ANCA-associate glomerulonephritis [9].
Since this is only laboratory evidence, more studies are
needed to ascertain the efficacy and safety of this agent
in the treatment of AAV patients. Moreover, the risk of
thrombocytopenia/pancytopenia (concomitant risk of
infection) cannot be neglected when BTZ is used.

* Fostamatinib: Fostamatinib is a selective spleen tyrosine
kinase (Syk) inhibitor that blocks B cell activation. Fo-

stamatinib has been shown to be effective in the treat-
ment of experimental autoimmune glomerulonephritis
in rat models [67]. Further studies are however needed
in order to ascertain the efficacy of this agent in AAV
patients.

* Gabexate mesylate: This protease inhibitor is capable of
inhibiting injury to endothelial cells and has also been
shown to be useful in the treatment of disseminated in-
travascular coagulation (a possible complication in the
course of severe AAV) in both ANCA-positive and -ne-
gative MPA patients with renal involvement, with the
resultant amelioration of both the coagulation disorder
and renal function [32].

Future PerspEcTIVES IN THE TREATMENT oF AAV

Ongoing and future studies will be aimed at:

* Adapting the renal histopathology classification system
developed by Berden et al. [5] for use in predicting renal
response to treatment and also to guide future therapy
in AAV patients [113]:

* Determining the optimal duration of maintenance tre-
atment. Current guidelines recommend that after the
induction of remission, maintenance treatment should
be continued for about 18-24 months. However, conside-
ring that AAV is a chronic disease with a remitting and
relapsing course, it might be necessary to extend the du-
ration of maintenance therapy beyond the 24-month pe-
riod. Final results of trials such as REMAIN (Randomized
trial of prolonged remission-maintenance therapy in
systemic vasculitis) will help inform us of the optimum
duration of maintenance therapy in AAV patients [23].

* Developing novel and more effective strategies for the
treatment of AAV. This could be by way of target-spe-
cific therapeutics (e.g. biologics) or through synthetic
immunoglobulins. For instance, Kameoka et al. reported
that synthetic human single chain Fv (hScFv) of immu-
noglobulin G (IgG) selected from a library of clones was
effective in improving the symptoms of MPO-ANCA-re-
lated vasculitis in mice models [53].

CoNcLusION

AAV is a chronic disease with a relapsing and remitting
course. Essential steps in proper disease management in-
clude rapid diagnosis and prompt and ongoing treatment
with immunosuppressive therapy and other adjunctive
agents in order to ensure good disease control, prevent
relapses and limit drug toxicity. However, the scenario
can be compounded by the occurrence of relapsing and
refractory disease in patients with contraindications or
intolerance to standard immunosuppressive therapy, the-
reby pointing to the need for the development and verifi-
cation of newer treatment methods that will further help
widen the therapeutic options available to these patients.
This can be achieved through the design of controlled
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studies aimed at establishing the efficacy and safety of
potentially applicable therapeutic agents and also thro-
ugh further studies aimed at identifying novel therapeu-
tic targets in AAV. There is also a need for more studies
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