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Anti-neutrophil cytoplasmic autoantibody (ANCA) is closely associated with systemic small vessel vasculitis,
characterized by segmental vessel wall necrotizing inflammation and a paucity of immunoglobulin deposition.
ANCAs are thought to be pathogenetic and to promote the degranulation of neutrophils and monocytes, facilitat-
ing endothelial damage. Recent findings have led to a new hypothesis regarding the induction of ANCAs via im-
mune responses against Gram-positive bacteria. During the initial phase of treatment, remission is induced (in-
duction therapy), thereafter, remission is maintained (maintenance therapy). The pharmacotherapy for the two
phases differs. Treatment may need to be adjusted according to the disease severity, which in turn depends on
the onset age, serum levels of creatinine and C-reactive protein. For induction therapy of generalized and severe
disease, steroid therapy and/or cyclophosphamide (CYC) should be the first choice, and plasma exchange should
be considered in cases with renal failure and/or life-threatening disease. Alternatively, rituximab may also be
used if CYC is contraindicated. To maintain remission, CYC should be replaced by azathioprine. The main causes
of death during the induction phase are infection and active vasculitis. As intense immunosuppression increases
the risk of infection in association with vasculitis, the prescription of trimethoprim-sulfamethoxazole during in-

duction therapy with immunosuppressive agents may be advisable.
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Introduction

Anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis is a life-threatening autoim-
mune disease characterized by necrotizing vasculi-
tis of small vessels”. As shown in Table 1, renal-
limited vasculitis (RLV) is commonly observed as a
cause of rapidly progressive glomerulonephritis in
Japan®. Pauci-immune necrotizing glomerulonephri-
tis can be RLV or a renal manifestation of micro-
scopic polyangiitis (MPA). ANCAs with specificity
for either proteinase-3 (PR3) or myeloperoxidase
(MPO) are hallmarks of ANCA-associated vasculitis.
ANCA-associated vasculitis comprises three dis-
ease types: Wegener's granulomatosis, Churg-—
Strauss syndrome, and MPA. The disease types dif-
fer with respect to clinical manifestations and histo-
logical findings. Granulomatous inflammation is ob-
served in Wegener's granulomatosis and Churg—
Strauss syndrome but not in MPA """, ANCAs

themselves are thought to be pathogenetic and to
promote the degranulation of neutrophils and
monocytes, facilitating endothelial damage®. The in-
itial damage leads to a cascade of events, resulting
in leukocyte tissue infiltration, T-cell-driven granu-
loma formation, and further damage. The purpose
of this review is to describe the recent advances in
the pathogenesis and treatment of ANCA-asso-
ciated vasculitis.
Mechanism of ANCA-induced Vascular Damage
ANCAs bind to neutrophils and endothelial cells,
having differential but synergistic effects on both
cell types. ANCAs bind to membrane-bound PR3/
MPO on neutrophils”. This interaction with ANCAs
results in cell activation and ultimately in the re-
lease of cytotoxic superoxide and serine proteases.
Membrane-bound MPO/PR3 is expressed constitu-
tively by neutrophils and can be enhanced by proin-
flammatory cytokines such as tumor necrosis
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Table 1 Total number of patients with rapidly progressive glomerulonephritis

. . L Total
Diagnosis Classification n (%)
Crescentic GN Anti-GBM antibody-associated GN 81 (4.6)
Immune-complex-associated GN 35 (2)
Renal-limited vasculitis 745 (42)
Overlapped crescentic GN 31 (L.7)
Undifferentiated primary crescentic GN 28 (1.6)
Primary GN with crescents Mesangioproliferative glomerulonephritis 15 (0.8)
Membranous nephropathy 5(0.3)
IgA nephropathy 43 (24)
Non-IgA mesangial proliferative GN 8 (0.5)
Other primary GN 3 0.2)
Systemic disease-associated Goodpasture's syndrome 7 (L5)
Systemic lupus erythematosus 66 (3.7)
Wegener's granulomatosis 46 (2.6)
Microscopic polyangiitis 344 (19.4)
Other necrotizing vasculitis 15 (0.8)
Purpura nephritis 36 (2)
Cryoglobulinemia 12 (0.7)
Rheumatoid arthritis 24 (14)
Malignant neoplasm 3(0.2)
Other systemic diseases 40 (2.3)
Infection-associated Poststreptococcal acute glomerulonephritis 10 (0.6)
Abscess 6 (0.3)
Hepatitis C virus 20
Other infectious diseases 20 (1.1
Drug-associated 10 (0.6)
Others 17 (1)
Unknown 100 (5.6)
Total 1,772 (100)

GN: glomerulonephritis, GBM: glomerular basement membrane.

factor-o. and interferon-y”. The priming of neutro-
phils also enhances adhesion to endothelial cells,
along with a further increase in membrane MPQO/
PR3 expression®. Thus, degranulation occurs in
close contact with the vascular endothelium, result-
ing in vasculitic damage (Fig. 1). The ANCA-
induced release of proteases seems to be the most
important factor for vasculitic damage®. The inter-
action of ANCAs with endothelial cells enhances
the expression of adhesion molecules like E-/P-
Selectin and vascular cell adhesion molecule
ANCAs promote firm and sticky attachments of
neutrophils to endothelial cells in these models,
leading to enhanced transmigration and damage.
ANCA pathogenesis has been investigated in ani-
mal models. Although animal models proving MPO-
ANCA pathogenesis are well established, similar ef-
forts for PR3-ANCA have not been successful so
far. Xiao et al immunized MPO-knockout mice with

murine MPO and transferred anti-MPO-IgG to wild-
type and immune-deficient (recombinase-activating
gene 2: RAG2™'~
deficient mice developed necrotizing crescentic

1)

) mice”. Wild-type and immune-
glomerulonephritis, proving a pathogenetic role for
MPO-ANCA. The importance of neutrophils and
the priming process with proinflammatory agents
was also confirmed in this model™".

PR3 was discussed to be the main antigen for
cytoplasmic-ANCA, whereas MPO was shown to be
the antigenic target of perinuclear-ANCA in pa-
tients with vasculitis”. The range of ANCA sub-
types has been expanded, and additional autoanti-
gens recognized by ANCAs have been found”. Re-
cent findings have led to a new hypothesis regard-
ing the induction of ANCAs via immune responses
against Gram-positive bacteria'®. Indeed, chronic
nasal carriage of Staphylococcus aureus has been
demonstrated to increase the risk of disease re-

—364—



21

Immune response to antisense
peptide or a mimic that acts as
a complementary peptide

Sense (self) peptide
Antisense or complementary  (autoatigen)
peptide (exogenous or R———
endogenous origin) '
Anti-antisense or Aberrant epigenetically controlled

expression of MPO and PR3
gene increases autoantigen
content of neutrophils

anti-complementary
peptide B Cell

@
é g Anti-idiotypic response to anti-

Antibodies to amise“?g or | Antisense or anti-complemrntary
complementary peptides Peptide anti bodies produces ANCA

Autoantibodies
(anti-idiotypic
antibodies)
Autoimmune B cell
_/(Anti-idiotypic B cell)

Factor B
C3b T Properdin
C3bBbP

Tl ¥

Dysregulated B cell permit
autoantibody formation

] 228 Chemotaxis
LT e«

C3 ~
Priming and (34 - (C3b)2BbP
Activation

C5a«— C5 N

\rgered C5bC6CTC8CI
K_.._.._.r____—l

Cytotoxicity

8

VoM

A ANCA'
. ANCA antigen u Fe receptor

Th 17 T cell foster autoimmunity © Cytokine

bd Cytokine receptor

w Adhesion molecule
\s Adhesion molecule receptor

Fig. 1 Diagram of pathogenesis of anti-neutrophil cytoplasmic antibody (ANCA)-associated

vasculitis®

lapse . Moreover, Wegener's granulomatosis pa-
tients treated with cotrimoxazole are less prone to
relapse; in some cases, even remission can be in-
duced by applying cotrimoxazole as a monother-
apy”®.

Immune System for Induction

of ANCA-associated Vasculitis

T cells are usually found within granulomas as
well as in other lesions present in ANCA-associated
vasculitis”. In accordance with these findings, ele-
vated levels of markers of T-cell activity, such as
soluble interleukin-2 receptor have been reported™.
In addition, ANCA IgG subclasses suggest that a T-
cell-mediated subclass switch has taken place®.
Specific T-cell-targeted therapy is occasionally used
in refractory cases and has been demonstrated to
be beneficial®.

Memory T cells are expanded, whereas naive T
cells are decreased”*”. Recently, Wilde et al demon-
strated that a specific subset of effector memory T
cells (Tems) expressing CD134 and a steroid-
induced TNF-receptor-related protein is especially
expanded in Wegener's granulomatosis patients®.
CD134 " cells were also found in active lesions, sug-
gesting increased migration to inflamed sites. Ab-
dulahad et al demonstrated Tems in the urine, sug-

gesting that Tems migrate from the circulation to in-
flammatory lesions during active disease states™.
Tems are powerful immune cells that initiate and
sustain immune responses. This T-cell population is
long lived and responds quickly to adequate trig-
gers. Moreover, granuloma formation is driven by
these T cells®”. Therefore, Tems are believed to play
a major pathophysiological role in ANCA-associated
vasculitis.

Pathogenesis and Therapeutic Applications

ANCAs are clearly of major importance to dis-
eases and cause vasculitis, interacting with neutro-
phils upon specific triggers like bacterial infections.
At the same time, Tems escaping immune regula-
tion enhance autoantibody production and drive tis-
sue inflammation. Interfering with these pathoge-
netic mechanisms is crucial, as the patients out-
come is fatal if the disease is left untreated. In Ja-
pan, steroids have been used as the first choice for
induction therapy®. The outcome has improved
dramatically since the introduction of cyclophos-
phamide (CYC) as an induction therapeutic agent
for ANCA-associated vasculitis®™. Most drugs, in-
cluding steroids, used for treatment have a broad
spectrum of activity'affecting all effector cells. CYC
is one of the most efficient agents available for the
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Fig. 2 Standard therapeutic regimen for anti-neutrophil cytoplasmic antibody (ANCA)-
associated glomerulonephritis recommended by the Japanese Society of Nephrology

treatment of ANCA-associated vasculitis and tar-
gets a number of mechanisms described above. It
alkylates DNA and thus affects a wide variety of
cell types, including leukocytes that lack aldehyde
dehydrogenase, an essential enzyme that breaks
down the toxic metabolites of CYC. Thus, B-cell
suppression is usually observed, and T cells as well
as neutrophils are targeted by CYC treatment®.
This results in the reduction of pathogenetic
ANCAs, fewer pathogenetic effector memory T
cells, and fewer neutrophils. Azathioprine (AZA),
used for maintenance therapy, also interferes with
DNA or nucleotide synthesis, affecting dividing
cells and thus also pathogenetic lymphocytes. Some
of the knowledge gained regarding the pathogene-
sis of ANCA-associated vasculitis has already been
translated into new and specific therapeutic ap-
proaches, with presumably fewer adverse effects.
Plasma exchange® and B-cell depletion using rituxi-
mab®* have both been successfully applied for the
treatment of ANCA-associated vasculitis and are
thought to ameliorate disease by removing autoan-
tibodies or their source.

Treatment of ANCA-associated Vasculitis

During the initial phase of treatment, remission is
induced (induction therapy), thereafter, remission is
maintained (maintenance therapy). The pharmaco-

therapy for the two phases differs.

1. Induction therapy

The most effective and well evaluated drugs used
in the induction phase are steroids (prednisolone:
PSL) in Japan and CYC in Europe. The Japanese
guidelines for ANCA-associated vasculitis are
shown in Fig. 2. Of note, CYC is toxic in a dose-
dependent manner and is associated with severe
adverse effects affecting long-term morbidity as
well as mortality, and high cumulative doses above
36 g seem to increase the risk for malignancies such
as bladder cancer®™. Thus, treatment may need to
be adjusted according to disease severity (Table 2).
The disease activity depends on the onset age, the
serum levels of creatinine and C-reactive protein. In
addition, the presence or absence of pulmonary in-
volvement is an important factor. In cases with se-
vere, generalized disease, PSL pulse therapy and/or
the intravenous administration of CYC (IVCY) in
combination are recommended for the induction of
remission. Periodical IVCY reduces the cumulative
CYC dosage that is needed and thus the toxicity;
the long-term morbidity and/or mortality arising
from CYC treatment may also be lowerd®. A re-
cent meta-analysis showed that plasma exchange as
an adjunctive therapy significantly reduced the risk
of end-stage renal disease at 12 months™. The re-
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Table 2 Clinical grading for predicting ANCA-associated vasculitis patient

DPrognosis
Clinical Serum creatinine Age Lung Serum CRP
score (mg/dl) (years old) involvement (mg/dl)
0 <3 <59 Negative <26
1 36 60-69 2.6-10.0
2 >6 >70 Positive >10
3 Dialysis
Clinical grade Total score
I 0-2
I 35
m 6-7
v 89

mission rates were equivalent, but IVCY caused an
increased risk of relapse when compared with oral
CYyc”.

Removing circulating ANCAs may be beneficial,
considering the pathogenetic potential of these anti-
bodies. The addition of plasma exchange may be
more effective than steroid pulse therapy for the
achievement of renal recovery when used in combi-
nation with oral PSL. At 3 months, 69% of the
ANCA-associated vasculitis patients in a plasma ex-
change group were alive and independent of dialy-
sis, as opposed to 49% in the control arm®. Further-
more, plasma exchange was associated with a re-
duction in the risk of progression to end-stage renal
disease at 12 months. No differences in patient sur-
vival or adverse event rates were observed. A re-
cent meta-analysis by Walters et al® confirmed
these results, showing that adjunct plasma ex-
change reduces the risk of requiring dialysis at 12
months after induction treatment. Based on these
findings, adjunct plasma exchange is advised in pa-
tients with severe renal involvement, alveolar hem-
orrhage, or other life-threatening organ manifesta-
tions.

Rituximab has recently been studied as an alter-
native therapy to the standard induction protocol
with CYC. Two randomized controlled trials (RCTs)
have provided evidence that rituximab/PSL is not
inferior to CYC/PSL induction therapy®®. The
placebo-controlled study enrolled 197 patients with
MPA/Wegener's granulomatosis and consisted of
two trial arms, in which induction therapy with oral
CYC/PSL (n =99) was compared with rituximab/

PSL (n=98; 4 times, 375 mg/m®™. A total of 55% of
the patients in the CYC arm and 64% in the rituxi-
mab arm achieved complete remission and PSL
treatment was withdrawn after 6 months. There
was no difference in the rate of adverse events or
relapses within the first 6 months for patients with
new-onset disease, whereas in patients with relaps-
ing disease, rituximab was significantly better than
CYC. A RCT organized by the European League
Against Rheumatism (EULAR) group compared the
standard CYC induction protocol to rituximab in pa-
tients with severe generalized Wegener's granulo-
matosis / MPA ™. These patients were suffering
from more severe diseases, as indicated by a me-
dian glomerular filtration rate of 18 ml/min/1.73 m’,
Patients were either treated with 6-10 cycles of
CYC pulses or with rituximab (4 times, 375 mg/m?)
in combination with two IVCY treatments. Mainte-
nance therapy with AZA was only given to patients
in the CYC group, and the rituximab group did not
receive maintenance therapy. A total of 44 patients
were enrolled; 33 in the rituximab group and 11 in
the CYC group. The outcome was comparable in
both groups; 76% of the patients in the rituximab
group and 82% of the patients in the CYC arm had
entered sustained remission after 12 months. The
improvement in renal function during therapy was
not different, nor as was the rate of adverse events.
These studies provide good evidence of the non-
inferiority of rituximab, when compared with CYC,
for inducing remission without the burden of long-
term toxicity. However, data on the long-term out-
come of patients with ANCA-associated vasculitis

—367—



24

are not yet available.

2. Maintenance therapy

Maintenance therapy should follow induction
therapy, as relapses frequently occur in ANCA-

36)

associated vasculitis patients®. Falk et al empha-
sized that a subset of patients with distinct clinical
features may not require long-term maintenance
therapy®. This subset of patients is characterized
by the presence of MPO-ANCA and vasculitis with-
out involvement of the respiratory tract, but spe-
cific markers allowing reliable identification are not
available® . Thus, at present, maintenance therapy
for at least 18-24 months is likely to continue to be
recommended by the EULAR and the British Soci-
ety for Rheumatology™. Because of its long-term
toxicity, CYC should not be used for the mainte-
nance of remission, as AZA was proven to be as ef-
fective as CYC in preventing relapses of Wegener's
granulomatosis/MPA patients™.

Low-dose PSL should be added to maintenance
therapy. The duration, however, is debatable. A
meta-analysis found a decreased proportion of re-
lapsing patients in studies with long-term steroid
treatment (14%), as opposed to studies with the
withdrawal of steroids (43%)". As relapses are asso-
ciated with nasal carriage of Staphylococcus aureus,
antibiotics may be useful for preventing disease
flares". Cotrimoxazole treatment decreases the in-
cidence of relapses in patients with Wegener's
granulomatosis and is therefore advised in patients
with high relapse rates™?.

The time point at which therapy should be
switched from induction to maintenance treatment
is not well defined. In most studies, induction ther-
apy is switched after clinical remission defined as
the absence of clinical symptoms attributable to ac-
tive vasculitis®*. Interestingly, Slot et al demon-
strated that switching to AZA maintenance ther-
apy in patients with clinical remission who exhibit a
positive PR3-ANCA titer is associated with signifi-
cantly higher relapse rates, compared with patients
being PR 3-ANCA negative at the time of the
switch®. Hence, ANCA levels at the time of the
switch should be studied as a guideline for treat-
ment. Relapses, generally, are treated when clinical

symptoms occur. A rise in ANCA levels often pre-
cedes disease flares®.

Taken together, the above findings indicate that
therapy for ANCA-associated vasculitis should be
adapted according to the phase and severity of dis-
ease. For induction therapy in patients with gener-
alized and severe disease, PSL therapy and/or CYC
should be the treatment of first choice, and plasma
exchange should be considered in cases with renal
failure and/or life-threatening disease. Alterna-
tively, rituximab may be used if CYC is contraindi-
cated. To maintain remission, CYC should be re-
placed by AZA.

Outcome of ANCA-associated Vasculitis

Few studies have focused on the prognosis of
ANCA-associated vasculitis patients in Japan®*,
To improve the prognosis of patients with ANCA-
associated vasculitis, we conducted a broad survey
of patients and investigated the initial symptoms,
laboratory findings, treatment methods and out-
comes”™. We also examined the association between
patient survival and the Birmingham Vasculitis Ac-
tivity Score (BVAS)¥, which is used to evaluate vas-
culitis activity in ANCA-associated vasculitis. In our
study, mortality was significantly associated with
disease severity, as assessed using the BVAS. How-
ever, no significant differences in organ involve-
ment were observed between those who survived
and the patients who died (Fig. 3). At baseline, mor-
tality was associated with an older age, as previ-
ously reported”. The main causes of death were in-
fection and progressive vasculitis.

Flossmann et al recently reported the long-term
patient survival of patients with ANCA-associated
vasculitis treated using current regimens®™. The
main causes of death within the first year were in-
fection (48%) and active vasculitis (19%). After the
first year, the major causes of death were cardio-
vascular disease (26 %), malignancy (22%), and infec-
tion (20%). A multivariable analysis showed that an
estimated glomerular filtration rate <15 ml/min, an
advanced age, a higher BVAS, and a lower hemo-
globin level were significant negative prognostic
factors for patient survival. Patients with ANCA-
associated vasculitis treated with conventional regi-
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mens had an increased risk of death, compared with
an age- and gender-matched population.

The peripheral white blood cell and/or lympho-
cyte counts are influenced by immunosuppressive
agents. When trimethoprim-sulfamethoxazole was
administered, a reduction was observed in the oc-
currence of Pneumocystis pneumonia, and the Pneu-
mocystis pneumonia-related mortality rate was sig-
nificantly reduced™. As intense immunosuppres-
sion increases the risk of infection in association
with wvasculitis, the prescription of trimethoprim-
sulfamethoxazole during induction therapy with im-
munosuppressive agents may be advisable.

In the management of patients with anti-MPO-
associated vasculitis, Terrier et al evaluated the
relevance of monitoring MPO-ANCA levels™. Ac-
cording to their study, MPO-ANCA levels were a
very useful and relevant surrogate marker of dis-
ease activity. In our study®, despite induction ther-
apy at an early stage, after a mean follow-up period
of 22 months, 3 of the 99 patients experienced re-
lapses. MPO-ANCA was elevated at the time of the
relapse. Our relapsed patients had never been
treated with immune suppressants. Therefore, a
maintenance therapy strategy for ANCA-associa-
ted vasculitis is important. RCTs focusing on the in-
duction and maintenance of remission of ANCA-
associated vasculitis have indicated that the rate of
remission induction with the standard regimen is
approximately 90% at 6 months and that the main-
tenance of remission can be achieved with oral
AZA as well as CYC¥.

Future Therapeutic Strategies

The repair of vascular damage is an additional
critical point that needs to be considered for upcom-
ing therapeutic options. Vascular repair is thought
to be mediated by endothelial progenitor cells
(EPCs) present in the circulation®. ANCA-
associated vasculitis is associated with increased
cardiovascular morbidity, and ANCA-associated
vasculitis patients have been shown to have a lower
frequency of EPCs than healthy controls®. More-
over, low amounts of circulating EPCs seem to in-
crease the probability of disease flares™. Thus, the
promotion of EPC mobilization and function may

25

have a beneficial impact on the disease course. Com-
mon drugs such as statins and angiotensin receptor
blockers enhance EPC mobilization and should be
used as an adjunctive therapy in patients with
ANCA-associated vasculitis because of the risk of
accelerated atherosclerosis™. In addition, erythro-
poietin can enhance EPC function, and its use
should be studied in ANCA-associated vasculitis™.
In conclusion, several promising candidate therapy
may amend the treatment of ANCA-associated vas-
culitis in the future. Such efforts will hopefully lead
to an improved prognosis and a less-toxic therapeu-
tic regimen.
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