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Clinical trials and observational studies have established cyclophosphamide (CY) 
or rituximab plus glucocorticoid (GC) as standard remission induction therapies 
in patients with microscopic polyangiitis (MPA) and granulomatosis with poly-
angiitis (GPA). However, because these regimens are associated with serious ad-
verse drug reactions, the development of drugs with novel mechanisms of actions 
are needed. Progress in basic and clinical research has identified novel candidate 
targeting molecules, including B-cell activating factor (BAF), C5a receptor, and 
interleukin-6. The combination of rituximab and BAF blockade in patients with 
MPA and GPA is under investigation in an effort to strike a better benefit-risk 
balance. Phase II clinical trials of avacopan (CCX168), an orally administered C5a 
receptor antagonist, have suggested a reduction in the dosage of concomitant GC 
or the replacement of GC in patients with MPA and GPA. The results from a cur-
rently ongoing phase III trial are awaited. Anecdotal case reports and an open-la-
bel pilot study have indicated the effectiveness of tocilizumab in patients with 
MPA and GPA. A randomized clinical trial comparing tocilizumab and intrave-
nous CY in combination with GC is currently in progress. Molecular targeted 
therapy is expected to transform the treatment strategy for MPA and GPA to allow 
GC-free or at least less GC-dependent forms of therapy.
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INTRODUCTION

Microscopic polyangiitis (MPA) and granulomatosis 
with polyangiitis (GPA) are systemic small-vessel vascu-
litides that are part of the group of diseases referred to 
as anti-neutrophil cytoplasmic antibody (ANCA)-asso-
ciated vasculitis (AAV). Until the introduction of cyclo-
phosphamide (CY) combined with glucocorticoid (GC), 
the prognosis of AAV, and particularly of GPA, was very 
poor [1,2]. Recent guidelines for MPA and GPA from the 
Japan Research Committee of the Ministry of Health, 
Labour, and Welfare for Intractable Vasculitis (JPVAS), 
as well as those from the British Society of Rheumatol-

ogy (BSR)/British Health Professionals in Rheumatolo-
gy (BHPR), the European League Against Rheumatism 
(EULAR)/European Renal Association-European Dial-
ysis and Transplant Association (ERA-EDTA), and the 
Kidney Disease Improving Global Outcomes (KDIGO) 
all recommend the use of CY or rituximab plus GC as 
first-line therapy [3-6]. These recommendations are 
based on initial cohort studies of CY combined with 
GC [1,2] and the results of several clinical trials in which 
CY or rituximab combined with GC was tested. 

Despite the established efficacies of CY plus GC 
and rituximab plus GC for the treatment of MPA and 
GPA, a substantial proportion of patients fail to show 

mailto:harigai.masayoshi@twmu.ac.jp
mailto:harigai.masayoshi@twmu.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2018.366&domain=pdf&date_stamp=2019-05-01


493

Harigai M, et al. Targeted therapy in MPA and GPA

www.kjim.orghttps://doi.org/10.3904/kjim.2018.366

an appropriate therapeutic response, as some patients 
experience disease relapse, even those under remis-
sion-maintenance treatment with GC plus azathioprine 
or other immunosuppressive agents. The use of CY or 
rituximab plus GC is associated with several serious 
adverse drug reactions that decrease the quality of life 
of patients. A possible solution to this clinical challenge 
is the development of molecular targeted drugs with 
novel mechanisms of action, a strategy that has mark-
edly improved the outcomes of patients with rheuma-
toid arthritis [7]. Recent advances in basic and clinical 
research have accumulated evidence of the efficacy of 
targeting molecules in patients with MPA and GPA. 
In this article, we review the efficacy and safety of the 
standard regimens for MPA and GPA and discuss the 
molecular targeted drugs under clinical development. 
Demonstration of similar or improved efficacy of these 
drugs and their greater safety may enable a decrease in 
the concomitant dose or even the exclusion of GC for 
the treatment of MPA and GPA. 

CYCLOPHOSPHAMIDE FOR PATIENTS WITH 
MPA AND GPA

In a systematic review recently published by JPVAS [8], 
a randomized controlled trial (RCT) and two cohort 
studies were evaluated using the Grading of Recom-
mendations Assessment, Development, and Evaluation 
(GRADE) system. Neither the RCT [9] nor one of the 
cohort studies [10] revealed a significant difference 
between GC monotherapy and GC plus CY regarding 
death, end-stage renal disease, regarding death, end-
stage renal disease, and remission of MPA or GPA. 
However, in both studies, the certainty of evidence of 
each evaluated outcome was downgraded to very low 
because of the risk of bias and imprecision. In the oth-
er cohort study [2], the relative risk (95% confidence 
interval [CI]) of GC plus CY for remission versus GC 
monotherapy was 1.51 (95% CI, 1.05 to 2.17), which was 
statistically significant. However, the risk of bias and 
imprecision again resulted in a very low certainty of 
evidence of the outcome. Despite the lack of sufficient 
evidence for the superior efficacy of CY plus GC versus 
GC monotherapy, a spate of clinical trials has demon-
strated good clinical outcomes in patients with MPA 

and GPA treated with CY plus GC [11-15].
Safety concerns regarding the use of CY plus GC pose 

a challenge to physicians treating patients with MPA 
and GPA. GC use is associated with serious infection, 
osteoporosis, osteonecrosis, glaucoma, cardiovascular 
diseases, cerebrovascular diseases, and glucose intoler-
ance, and CY is associated with increased risk of serious 
infection, cytopenia, malignancy, liver dysfunction, and 
premature gonadal failure. In an observational study of 
535 patients who participated in four RCTs conducted 
by the European Vasculitis Study Group (EUVAS), ad-
verse events including osteoporosis, malignancy, and 
diabetes were reported at rates exceeding 10% each. 
Lower glomerular filtration rates, four or more flares, 
and longer use of GC were independent risk factors for 
high-level damage (i.e., Vascular Damage Index ≥ 5) [16]. 
Consequently, novel agents that produce a better bene-
fit-risk balance than CY plus GC in patients with MPA 
and GPA are urgently needed.

RITUXIMAB FOR PATIENTS WITH MPA AND GPA

The anti-human CD20 chimeric antibody ritux-
imab has been approved in many countries for use 
in treating patients with MPA and GPA, and in 
clinical practice guidelines it is recommended as 
a first-line agent [3-6]. Two RCTs have established 
the efficacy and safety of rituximab in patients with 
MPA and GPA (Table 1). In the Rituximab in AN-
CA-associated Vasculitis (RAVE) trial [15], patients 
with newly diagnosed or relapsing MPA or GPA 
were randomly assigned to the rituximab (375 mg/m2  
of body surface area, once weekly for 4 weeks) or the 
control group (daily oral dose of 2 mg CY/kg followed 
by a daily azathioprine dose of 2 mg /kg). At month 6 
of treatment, rituximab was not inferior to daily oral 
CY for the primary endpoint of remission without the 
use of prednisone (64% vs. 53%, respectively; p < 0.001). 
In addition, rituximab was more efficacious than CY 
among patients with relapsing disease in achieving the 
primary endpoint (67% vs. 42%, respectively; p = 0.01). 
The Rituximab versus CY in ANCA-associated Renal 
Vasculitis (RITUXVAS) trial enrolled patients with 
newly diagnosed MPA or GPA with renal involvement 
[14] and then randomized them to the rituximab group, 
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which received rituximab with two doses of intrave-
nous (IV) CY, or the control group, which received only 
IVCY for 3 to 6 months followed by treatment with aza-
thioprine. Sustained-remission rates at month 12 were 
similar between the rituximab and control groups (76% 
vs. 82%, respectively; p = 0.68). In both the RAVE and 
the RITUXVAS trials, the two groups of patients did 
not significantly differ in the number of severe adverse 
events. The long-term follow-up of patients enrolled 
in these trials showed that the relapse rates in patients 
treated with a single course of rituximab without main-
tenance therapy were similar to those in patients treat-

ed with CY followed by azathioprine maintenance ther-
apy: 32% versus 29%, respectively, at month 18 in the 
RAVE trial and 21% versus 18%, respectively, at month 
24 in the RITUXVAS trial [17,18].

The Maintenance of Remission using Rituximab in 
Systemic ANCA-Associated Vasculitis (MAINRITSAN) 
trial evaluated the efficacy and safety of rituximab vs. 
azathioprine for remission maintenance in patients 
with MPA and GPA (Table 1) [19]. Patients with newly 
diagnosed or relapsing GPA, MPA, or renal-limit-
ed AAV who had achieved remission with IVCY plus 
GC were enrolled and then randomly assigned to re-

Table 1. Major clinical trials of rituximab in patients with MPA and GPA

Trial Patients Investigational group
Control 
group

Primary  
endpoint

Main resultsa

Induction trials

RAVE Newly diagnosed or 
relapsing GPA or MPA 

RTX 375 mg/m2 once 
weekly for 4 weeks +  
GC (n = 99)

Oral CY 2 mg/
kg per day + 
GC (n = 98)

Remission 
without GC at 
month 6

RTX non-inferior  
(64%) vs. oral CY (53%)

RTX superior (67%) vs.  
oral CY (42%) in relapsing 
patients

RITUXVAS Newly diagnosed GPA 
or MPA with renal 
involvement

RTX 375 mg/m2 once 
weekly for 4 weeks + 
GC + 2 doses of  
IVCY 15 mg/kg (n = 33)

IVCY for 
3–6 months 
followed by 
AZA (n = 11)

Sustained 
remission at 
month 12 and 
severe adverse 
events

RTX non-inferior (76%)  
vs. IVCY (82%)

No difference in severe 
adverse events (RTX 42% 
vs. IVCY 36%)

Maintenance 
trials
MAINRITSAN Newly diagnosed or 

relapsing GPA or MPA 
in complete remission 
achieved with IVCY + 
GC

RTX 500 mg on days 0 
and 14 and at  
months 6, 12, and 18  
(n = 57)

AZA 2 mg/kg  
tapering to 
zero at 22 
months  
(n = 58)

Major relapse  
at month 28

RTX superior (5%) vs.  
AZA (29%)

MAINRIT-
SAN2

Newly diagnosed or 
relapsing GPA or MPA 
in complete remission 
achieved with CY or 
RTX + GC

RTX 500 mg on day 0 
and reinfusion based  
on ANCA and CD19+ 
lymphocytes until 
month 18  
(tailored-infusion,  
n = 81)

RTX 500 mg 
on days  
0 and 14  
and at 
months 6, 
12, and 18 
(fixed  
schedule,  
n = 81)

Relapse at 
month 28

No difference in relapse 
rates (tailored-infusion 
17.3% vs. fixed infusion 
9.9%)

Fewer rituximab  
infusions in tailored- 
infusion patients than 
fixed-schedule patients 
(medians of 3 vs. 5,  
respectively)

MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis; RAVE, Rituximab in ANCA-associated Vasculitis; 
RTX, rituximab; GC, glucocorticoid; CY, cyclophosphamide; RITUXVAS, Rituximab versus CY in ANCA-associated Renal 
Vasculitis; IVCY, intravenous cyclophosphamide; AZA, azathioprine; MAINRITSAN, Maintenance of Remission using Ritux-
imab in Systemic ANCA-Associated Vasculitis; ANCA, anti-neutrophil cytoplasmic antibody.
aRAVE and RITUXIVAS are designed as non-inferiority trials.
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ceive either 500 mg rituximab on days 0 and 14 and at 
months 6, 12, and 18 or daily azathioprine at 2 mg/kg  
until month 22. Fewer patients had a major relapse at 
month 28 in the rituximab group than in the azathio-
prine group (5% vs. 29%, respectively; p = 0.002). A long-
term analysis of this trial demonstrated that rituximab 
remained superior to azathioprine for sustaining 
remission at month 60 (57.9% vs. 37.2%, respectively; 
p = 0.012) [20]. The subsequent trial, MAINRITSAN2, 
compared tailored versus fixed-schedule rituximab 
reinfusion for remission maintenance in patients with 
MPA and GPA (Table 1) [21]. Patients in the tailored-in-
fusion group received a 500 mg rituximab infusion at 
randomization, with additional rituximab infusions 
until month 18 based on ANCA and CD19+ lymphocyte 
counts. Fixed-schedule patients received 500 mg ritux-
imab infusions on days 0 and 14 and then at months 6, 
12, and 18. The two groups did not significantly differ 
in terms of the proportion of patients with relapse at 
month 28: 17.3% in the tailored-infusion group vs. 9.9% 
in the fixed-schedule patients (p = 0.22). Patients in the 
former group received fewer rituximab infusions. 

The results from these clinical trials established the 
similar efficacy and safety of rituximab plus GC com-
pared to CY plus GC in patients with MPA and GPA. 
Their findings also strongly suggest the involvement 
of CD20+ B cells in the immunopathogenesis of these 
vasculitides.

B-CELL ACTIVATING FACTOR-TARGETED THERAPY

Accumulating evidence suggests problems in B-cell 
depletion therapy when rituximab is used for patients 
with MPA and GPA, such as a requirement for con-
comitant high-dose GC in the induction of remission 
and long-term low-dose GC to prevent relapses. Several 
studies have reported increases in the levels of B-cell 
activating factor (BAF) in patients with MPA and GPA 
[22-24]. Blockade of BAF in combination with ritux-
imab may deplete B-cells more broadly and to a greater 
extent and may inhibit the recovery of autoreactive 
B-cells, thereby contributing to the maintenance of 
remission. A clinical trial to evaluate the efficacy and 
safety of this combined anti-B-cell therapy approach 
for AAV is under preparation [25].

COMPLEMENT TARGETED THERAPY

The approximately 30 molecules that make up the com-
plement system play essential roles in both innate and 
adaptive immunity [26]. There are three pathways that 
lead to complement activation: the classic, alternative, 
and lectin pathways. All three include the formation of 
C3a, C3b, C5a, and the terminal complement complex 
C5b6789. C5a is a potent pro-inflammatory mediator 
that, after binding to the C5a receptor (C5aR, CD88), 
stimulates leukocyte migration, activation, degranula-
tion, vascular permeability, and the release of protein-
ases and oxidative free radicals. CD88 is expressed by 
neutrophils, mast cells, basophils, eosinophils, mono-
cytes, and vascular endothelial cells, among others. 
Although complement deposition is not observed in 
AAV-related pauci-immune glomerulonephritis, grow-
ing evidence strongly suggests the involvement of the 
complement system in the pathogenesis of AAV [27].

Avacopan is an orally administered antagonist of 
C5aR that is under clinical development as a treatment 
for AAV [28-30]. Xiao et al. [30] established a mouse 
model of ANCA-associated renal vasculitis, in which 
mouse anti-myeloperoxidase (MPO) immunoglobulin 
G (IgG)-induced necrotizing and crescentic glomeru-
lonephritis (NCGN) develops in mice with knocked-
in human C5aR/CD88 and knocked-out mouse C5aR/
CD88. Oral administration of avacopan almost com-
pletely ameliorates anti-MPO IgG-induced NCGN in 
this model. Along with this dose-dependent response 
are significant improvements in hematuria, protein-
uria, and leukocyturia. In the human myeloid cell line 
U937, avacopan significantly inhibits the binding of 
[125I]-C5a to C5aR as well as C5a-induced migration and 
the intracellular release of calcium [28]. Avacopan also 
strongly suppresses the binding of [125I]-C5a to C5aR, 
C5a-induced intracellular calcium release, chemotax-
is, the upregulation of CD11b, and the oxidative burst 
in human neutrophils in vitro. Oral administration of 
avacopan 1 hour prior to blood sampling significantly 
inhibits C5a-induced upregulation of CD11b in neutro-
phils of mice with knocked-in human C5aR/CD88 [30]. 

In a phase I study of avacopan that enrolled 48 
healthy volunteers to evaluate the safety and tolerabil-
ity of the drug in humans, avacopan was well tolerat-
ed and dose-limiting or serious adverse events were 
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not reported [28]. Commonly observed adverse events 
included diarrhea, dizziness, lower abdominal pain, 
nausea, and oropharyngeal pain. The average maximal 
plasma level of avacopan after the administration of 30 
mg twice a day was 191 ng/mL, and the terminal half-
life was 129 hours. A single 30 mg dose of avacopan or 
a 7-day regimen of 30 mg twice a day dose-dependently 
inhibited C5a-induced CD11b expression in peripheral 
blood neutrophils [28].

In the clinical trial, a randomized, double-blind, pla-
cebo-controlled, phase 2 study to evaluate the safety 
and efficacy of CCX168 in subjects With anti-neutro-
phil cytoplasmic antibody (ANCA)-associated vasculitis 
on background of cyclophosphamide or rituximab 
treatment (CLEAR), patients with newly diagnosed or 
relapsed AAV received placebo plus prednisone starting 
at 60 mg daily (control group, n = 23), 30 mg avacopan 
twice a day plus reduced prednisone starting at 20 mg 
daily (n = 22), or 30 mg avacopan twice a day without 
prednisone (n = 22) [29]. All patients received IVCY at 
a dose of 15 mg/kg at weeks 0, 2, 4, 8, and 12 followed 
by azathioprine at a target dose of 2 mg/kg per day up 
to week 24 or IV rituximab at 375 mg/m2 per week for 
4 weeks. The aim of the study was to determine the 
feasibility of reducing or replacing GC with avacopan 
without compromising efficacy in treating AAV. The 
primary endpoint was the proportion of patients with 
a decrease in their Birmingham Vasculitis Activity 
Scores (BVAS) ≥ 50% from baseline and no disease 
worsening in any body system. Secondary endpoints 
were the proportion of patients with a renal response, 
BVAS-confirmed remission, and changes in the BVAS 
and main laboratory parameters compared to the base-
line. Patients in the three groups ranged in age from 
57 to 59.1 years old. Of the 67 patients enrolled, 33 (49%) 
each had GPA and MPA and one had unknown disease 
type; 35 (52%) and 29 (43%) patients were positive for 
MPO-ANCA and proteinase 3 (PR3)-ANCA, respective-
ly. Almost all patients had renal involvement (97%) 
and the mean BVAS of the three groups ranged from 
13.2 to 14.3. The primary endpoint was met in 14 of 20 
patients (70.0%) in the control group, 19 of 22 (86.4%) 
in the avacopan plus reduced-dose prednisone group, 
and 17 of 21 (81.0%) in the avacopan without prednisone 
group. The differences compared to the control group 
were 16.4% for the avacopan plus reduced prednisone 

group (90% CI, –4.3 to 37.1; p = 0.002) and 11.0% for the 
avacopan without prednisone group (90% CI, –11.0 to 
32.9; p = 0.01), thus demonstrating the non-inferiority 
of these two groups compared to the control group. Ad-
verse events were reported in 21 of the 23 patients (91%) 
in the control group, 19 of the 22 patients (86%) in the 
avacopan plus reduced prednisone group, and 21 of the 
22 patients (96%) in the avacopan without prednisone 
group. Changes in the BVAS tended to be larger in the 
avacopan-treated groups than in the control group but 
the difference was not statistically significant, while the 
changes in the EuroQoL-5D-5L visual analog scale at 
week 12 were significantly better in the two avacopan 
groups than in the control group. Short form-36 phys-
ical functioning scores, role emotional scores, urinary 
albumin/creatinine ratios, and urinary monocyte che-
moattractant protein-1/creatinine ratios improved sig-
nificantly at week 12 in the avacopan plus reduced-dose 
prednisone group versus the control group [29]. 

Based on the promising results from the phase II 
study, a multi-national phase III study (ADVOCATE) 
(ClinicalTrials.gov Identifier: NCT02994927) is current-
ly in progress. Eligible patients are those with incident 
or relapsed MPA or GPA with ANCA positivity for 
which treatment with CY or rituximab is needed; with 
at least one major item, three non-major items, or two 
renal items of proteinuria and hematuria according to 
BVAS; and with an estimated glomerular filtration rate 
> 15 mL/min/1.73 m2 at the time of screening. Patients 
are allocated to either the avacopan plus rituximab or 
CY (IV or oral) group or to the prednisone plus ritux-
imab or CY group. Following initial treatment, both 
groups receive azathioprine. The primary endpoints are 
the proportion of patients achieving disease remission 
as determined by BVAS at week 26 and the proportion 
of patients achieving sustained remission assessed by 
BVAS at week 52 [31]. The demonstrated success of ava-
copan may open the door to a new era of GC-free AAV 
treatment.

INTERLEUKIN-6 TARGETED THERAPY

Interleukin-6 in an AAV animal model and in  
patients with MPA and GPA
Interleukin-6 (IL-6) is a pleotropic inflammatory cyto-
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kine that is also involved in the pathogenesis of AAV. 
Nagao et al. [32] found a significant association be-
tween the serum concentration of IL-6 and glomerular 
crescent formation in SCG/Kj mice, an animal model 
of MPA. Treatment of the mice with anti-IL-6-recep-
tor antibody significantly decreased serum titers of 
MPO-ANCA and tended to improve proteinuria and 
hematuria. Kekow et al. [33] reported higher serum lev-
els of IL-6 in patients with active MPA and eosinophilic 
GPA than in normal controls. The production of IL-6 
by vascular endothelial cells in vitro is induced by the 
stimulation with sera positive for ANCA or anti-endo-
thelial cell antibody from patients with AAV [34]. Pe-
ripheral blood mononuclear cells stimulated with PR3 
or MPO exhibit enhanced production of IL-6 in vitro [35]. 
In 2004, Ohlsson et al. [36] reported an association be-
tween serum levels of cytokines and disease activity in 
patients with MPA and GPA. They found a significantly 
higher plasma concentration of IL-6 in AAV patients 
than in normal controls, irrespective of disease activ-
ity, and that patients with active disease have higher 
IL-6 concentrations than those with inactive disease. 
Higher IL-6 levels were also measured in patients with 
stable disease who experienced disease relapse within 
3 months. Tsutsumino et al. [37] measured the serum 
concentrations of a panel of cytokines and chemok-
ines in patients with MPA and GPA before and after 
remission induction therapy. Serum concentrations of 
IL-6 were elevated in patients with active disease but 
they significantly and dramatically decreased within 
6 months after treatment initiation. Berti et al. [38] re-
ported higher serum levels of IL-6 in 10 patients with 
newly developed and active AAV than in normal con-
trols and enhanced expression of IL-6 in both vascular 
endothelial cells and cells infiltrating affected organs. 

Case reports of AAV successfully treated with an-
ti-IL-6 receptor antibody
Anecdotal evidence suggests that IL-6 blockade is ther-
apeutically effective for patients with AAV. Table 2 sum-
marizes the clinical characteristics of patients with AAV 
treated with tocilizumab as described in the literature, 
except for patients enrolled in an open-label pilot 
study, which is described below. Overall, four cases of 
primary AAV and two cases of AAV and rheumatoid ar-
thritis have been reported. 

Takenaka et al. [39] reported the first case of primary 
AAV with MPO-ANCA in a patient who was resistant to 
CY and achieved clinical remission with tocilizumab. 
A 47-year-old woman with unclassifiable AAV relapsed 
with aortitis and hypertrophic pachymeningitis, which 
did not respond to treatment with prednisolone (PSL) 
and CY. However, after CY was replaced with IV tocili-
zumab at 8 mg/kg for 4 weeks, the aortitis improved 
and the dose of PSL maintaining remission was re-
duced to 4 mg/day. 

Berti et al. [38] reported the case of a 32-year-old man 
with MPA who developed alveolar hemorrhage and 
proliferative glomerulonephritis resistant to treatment 
with GC plus IVCY, methotrexate (MTX), or mycophe-
nolate mofetil. The patient was allergic to rituximab. 
Treatment with tocilizumab at 8 mg/kg for 4 weeks 
resulted in improved signs, symptoms, and laboratory 
findings. The PSL dose was reduced to 7.5 mg/day. Sakai 
et al. [40] reported two cases of new-onset AAV treated 
with tocilizumab. In the first case, a 73-year-old woman 
developed MPA with active crescent-forming glomer-
ulonephritis and interstitial pneumonia. She received 
8 mg/kg IV tocilizumab every month along with PSL 
at 50 mg/day (1 mg/kg/day), which soon ameliorated 
her signs, symptoms, and laboratory findings. The PSL 
dose was decreased to 5 mg/day at month 6. In the sec-
ond case, a 76-year-old man with MPA characterized by 
rapidly progressive glomerulonephritis and pulmonary 
fibrosis was treated with an IV infusion of 8 mg tocili-
zumab/kg and started on PSL treatment at 70 mg/day (1 
mg/kg/day). His general symptoms soon improved but 
he experienced cellulitis on the left calcaneus 3 weeks 
after the first infusion of tocilizumab, which forced a 
discontinuation of the drug. 

Sumida et al. [41] reported a case of AAV in a 74-year-
old woman who developed MPO-ANCA-associated 
glomerulonephritis while being treated for rheumatoid 
arthritis with 5 mg PSL/day and 4 mg MTX/week. The 
administration of 30 mg PSL/day and IVCY improved 
her condition but the glomerulonephritis relapsed and 
was resistant to tacrolimus. IV administration of 8 mg 
tocilizumab/kg per month dramatically improved her 
signs and symptoms as well as her laboratory findings 
and allowed PSL tapering. 

Sakai et al. [42] also reported a case involving AAV 
that developed in a 69-year-old man being treated with  
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bucillamine for rheumatoid arthritis. The AAV was ac-
companied by interstitial pneumonia, pauci-immune and 
crescent-forming glomerulonephritis, and mononeuritis 
multiplex. Tocilizumab monotherapy at 8 mg/kg per 
month markedly improved his general symptoms and 
laboratory findings, and remission was maintained 1 year 
after initiation of tocilizumab treatment. 

An open-label pilot study of tocilizumab for MPA 
Sakai et al. [42] conducted an open-label pilot study of 
tocilizumab for MPA. Patients with newly developed 
MPA classified according to the algorithm of the Eu-
ropean Medical Agency [43] were eligible for the study. 
Patients were treated with tocilizumab monotherapy 
without GC or immunosuppressant therapy. Tocili-
zumab was given intravenously at 8 mg/kg at weeks 0, 2, 
4, 6, and 8 and every 4 weeks from week 12 onward. To-
cilizumab was discontinued after week 48 and the pa-
tients, without any further treatment, were observed for 
MPA for 1 year. All seven patients (five males and two 
females; mean age of 69.9 years old) had renal involve-
ment, defined as the presence of biopsy-proven vas-
culitis or active urine sediments. The BVAS and main 
laboratory data (mean ± SD) were as follows: BVAS, 
15.6 ± 7.0; MPO-ANCA, 159.5 ± 102.7 U/mL; C-reactive 
protein (CRP), 6.7 ± 5.3 mg/dL; and serum creatinine, 
1.15 ± 0.49 mg/dL. The primary outcomes consisted of 
the proportions of patients with complete remission 
(CR) and partial remission (PR) and the improvement 
of major clinical signs and laboratory data at month 6. 
CR was defined as a BVAS of 0 at two consecutive visits 
made at least 1 month apart, and PR as a 50% reduction 
in the BVAS from baseline. One patient voluntarily dis-
continued the study at month 3. CR was achieved in two 
(33.3%) and PR in four (66.7%) of the remaining six pa-
tients at month 6. MPO-ANCA improved in five of the 
six remaining patients at month 6 and CRP decreased 
in all seven patients at month 1. CY was maintained in 
three of the six patients after tocilizumab was stopped 
at month 12; four patients were able to remain drug-
free after the 12 months of tocilizumab treatment. Two 
patients developed respiratory infections during treat-
ment with tocilizumab. Overall, these data show the 
efficacy of tocilizumab in patients with MPA; however, 
the relatively low CR rates suggest the need for adjunc-
tive GC therapy.

Randomized controlled trial of tocilizumab for MPA 
and GPA
Based on the available evidence discussed so far, we 
have launched a multi-center, open, parallel-group 
RCT of tocilizumab for patients with MPA and GPA, 
with the aim of achieving drug approval in Japan (Fig. 
1). The study is registered with the Clinical Trial Reg-
istry of Japan Medical Association with identifier JMA-
IIA00325. Its objective is to investigate the efficacy, 
safety, and pharmacokinetics of IV tocilizumab plus 
GC in patients with active MPA and GPA compared to 
treatment with IVCY plus GC. The trial is designed to 
show the non-inferiority of the former. The primary 
endpoint is the percentage of patients achieving BVAS 
remission (BVAS = 0 at two consecutive visits made at 
least 1 month apart) and a PSL dose of 7.5 mg/day at 
week 24 (BVAS and GC remission). The key secondary 
endpoints are: the percentages of patients who main-
tain BVAS and GC remission from week 24 to week 
52 and the time to failure to maintain BVAS and GC 
remission from week 24; the percentages of patients 
achieving BVAS remission and the time to BVAS re-
mission by week 24; the percentages of patients able to 
taper PSL to 7.5 mg/day and the time to that dosage by 
week 24; and the accumulated doses of PSL by weeks 24 
and 52. Drug safety and pharmacokinetics parameters 
will also be evaluated.

The eligibility criteria are summarized in Table 3. A 
patient must fulfill the Ministry of Health, Labour, and 
Welfare diagnostic criteria of MPA and GPA [44] and be 
positive for ANCA or have renal-limited vasculitis with 
pauci-immune type glomerulonephritis confirmed by 
renal biopsy and ANCA positivity. After dynamic allo-
cation with adjustment for ANCA subtypes and serum 
levels of creatinine, patients randomized to the tocili-
zumab plus GC group will receive IV 8 mg tocilizumab/
kg biweekly from week 0 to week 16 and every 4 weeks 
from week 20 to week 48. Patients who do not achieve 
remission by week 16 will continue biweekly tocilizum-
ab up to week 24 and change every 4 weeks onward. 
Patients randomized to the IVCY plus GC group will 
receive three to six IV infusions of CY at 15 mg/kg at 
intervals of 2 to 4 weeks according to the discretion of 
the investigators. Four weeks after the last infusion, if 
a patient has achieved BVAS = 0, IVCY will be replaced 
by 1.5 mg azathioprine/kg per day until week 52. All en-
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rolled patients will receive an initial PSL dosage of 0.8  
mg/kg/day, which will be tapered as scheduled to 7.5 
mg/day by week 24 and continued until week 52. For 
patients who do not achieve the primary endpoint by 
week 24, treatment with the test drug will be discontin-

ued and treatment will proceed based on the best med-
ical judgment of investigators. 

Our estimate of the BVAS and GC remission rate at 
week 24 is 90% in the tocilizumab plus GC group and 
80% in the IVCY plus GC group. The non-inferiority 

Table 3. Eligibility criteria for the randomized controlled trial of tocilizumab for MPA and GPAa

1.  Meeting the diagnostic criteria of MPA and GPA by the Ministry of Health, Labour, and Welfare of Japan and being posi-
tive for ANCA, or having renal limited vasculitis with pauci-immune type glomerulonephritis by renal biopsy and ANCA 
positivity 

2. ≥ 20 years old and < 85 years old

3. Body weight ≥ 40 kg

4. Birmingham Vasculitis Activity Score ≥ 3 with predefined organ involvement or necessitating treatment with CY

5. C-reactive protein ≥ 1.0 mg/dL

6. Agreeing to the use of contraception during the clinical trial and for a predefined period after the clinical trial

7. Agreeing to not breast feed a baby during the clinical trial

8. Being able to follow the clinical trial protocol

9. Being able to obtain written informed consent

MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis; ANCA, anti-neutrophil cytoplasmic antibody; CY,  
cyclophosphamide.
aEligible patients meet all of the above criteria.

PSL 0.8 mg/kg/day
(taper as scheduled)

CY group

TCZ group

PSL 0.8 mg/kg/day
(taper as scheduled)

Remission induction Remission maintenance

PSL 7.5 mg/day
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Remission maintenance

Azathioprine

PSL 7.5 mg/day

Figure 1. Flow chart of the randomized controlled trial of tocilizumab (TCZ) for the treatment of microscopic polyangiitis (MPA) 
and granulomatosis with polyangiitis (GPA). Patients meeting the eligible criteria (Table 3) are randomized into two groups, re-
ceiving intravenous TCZ plus prednisolone (PSL) or intravenous cyclophosphamide (CY) plus PSL, and are followed up to week 
52. The specific dosages and treatment intervals are described in the text. The initial PSL dose is 0.8 mg/kg/day, tapered to 7.5 
mg/day by week 24 according to the predefined schedule and then maintained up to week 52. The primary endpoint is the per-
centage of patients achieving Birmingham Vasculitis Activity Score (BVAS) remission (BVAS = 0 at two consecutive visits made 
at least 1 month apart) and PSL efficacy at 7.5 mg/day at week 24. IVCY, intravenous cyclophosphamide.
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margin was set at 20% with one-sided alpha = 0.025 and 
beta = 0.2. Assuming a dropout rate of 10%, 24 patients 
for each arm or 48 patients in total must be enrolled to 
demonstrate the non-inferiority of tocilizumab plus GC 
compared to IVCY plus GC. The trial is scheduled to be 
completed by March 2022.

CONCLUSIONS

Although the results of ongoing or scheduled clinical 
trials are currently pending, the clinical development of 
molecular targeted therapy for MPA and GPA is prom-
ising and is expected to rapidly transform treatment 
so that it will be GC-free or at least less GC-dependent. 
Decreasing or eliminating the use of GC will reduce 
the burden of accrued damage and improve the long-
term outcomes for patients. However, several pertinent 
clinical questions about molecular targeted therapy for 
MPA and GPA still need to be addressed: Are there sub-
groups of patients who respond better to one molecu-
lar targeted therapy than to others? Which molecular 
targeted therapy should be used first? Are good bio-
markers available for each form of molecular targeted 
therapy? Can treatment with molecular targeted thera-
py be discontinued or switched to conventional immu-
nosuppressants without increasing the risk for major 
flares? Can patients be treated with molecular targeted 
therapies at a reasonable cost? Analyses of multi-na-
tional, national, or regional registries, claims databases, 
and the results of well-designed clinical trials should 
provide answers to these questions. 
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