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ABSTRACT

Objectives: To identify the optimal dose of intravenous cyclophosphamide (IVCY) for induction therapy for anti-neutrophil cytoplasmic antibody-
associated vasculitis.
Methods: We retrospectively assessed patients with antibody-associated vasculitis who received IVCY every 2–3 weeks during the remission 
induction phase. The associations of the IVCY dose with infection-free survival and relapse-free survival were analysed using a Cox regression 
model. We compared patients in three categories: very low-dose (VLD), low-dose (LD), and conventional dose (CD) (<7.5 mg/kg, 7.5–12.5 mg/kg, 
and >12.5 mg/kg, respectively). The non-linear association between IVCY dose and the outcomes was also evaluated.
Results: Of the 80 patients (median age 72 years), 12, 42, and 26 underwent the VLD, LD, and CD regimens, respectively, of whom 4, 3, and 7 
developed infection or died. The adjusted hazard ratios for infection or death were 4.3 (95% confidence interval (CI) 0.94–19.8) for VLD and 5.1 
(95% CI 1.21–21.3) for CD, compared with LD. We found the hazard ratio for infection or death increased when the initial IVCY dose exceeded 
9 mg/kg. Relapse-free survival did not differ clearly.
Conclusion:  Low-dose IVCY (7.5–12.5 mg/kg) may result in fewer infections and similar relapse rates compared with the conventional regimen 
(>12.5 mg/kg).
KEYWORDS: Antineutrophil cytoplasmic antibody-associated vasculitis; cyclophosphamide; intravenous cyclophosphamide; severe infection;
restricted cubic spline

Introduction
Anti-neutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis (AAV) is a systemic form of vasculitis that is charac-
terized by the production of ANCA and can be categorized as 
microscopic polyangiitis (MPA), granulomatosis polyangiitis 
(GPA), or eosinophilic granulomatosis polyangiitis (EGPA) 
[1]. The current standard treatment is a combination of high-
dose glucocorticoids and cyclophosphamide (CYC) or ritux-
imab (RTX) [2], while the one-year mortality rate for patients 
with AAV is still high at 11–12% [3–5]. Treatment-related 
adverse events, such as infections, are the principal causes of 
death [6], and age and kidney function have been reported to 
be important predictors of this [3, 4].

Infection is a major adverse event associated with CYC, 
and it develops in a dose-dependent manner. The intravenous 
administration of CYC (IVCY) reduces the cumulative dose 
administered and the incidences of leukopenia and infections 
[7, 8], and therefore IVCY 15 mg/kg every 2–3 weeks (the 
CYCLOPS regimen) is widely used for remission induction 
therapy [7, 9–12]. In patients with systemic lupus erythe-
matosus (SLE), low-dose IVCY (500 mg, six times) has been 
shown to be safer than high-dose IVCY (500 mg/m2, eight 
times), with no difference in efficacy, which justifies the use 
of low-dose IVCY [13]. In addition, for patients with AAV, 
the coronavirus disease-19 pandemic has prompted the need 
to identify the IVCY dosing regimen that is optimal for remis-
sion induction and minimizes the risk of infection [14]. In 
the CORTAGE study, a fixed dose of IVCY of 500 mg every 
2–3 weeks for six times was as effective as the conventional 
regimen of IVCY in patients aged ≥65 years, and was asso-
ciated with a lower incidence of serious adverse events [15]. 
However, the 500 mg fixed dose regimen does not consider 
variations in patient size.

For the present study, we hypothesized that a body size-
based low-dose IVCY regimen would be a preferable treat-
ment to the conventional dose regimen, with fewer adverse 
events but similar effectiveness. Thus, we aimed to identify the 
optimal dose of IVCY in terms of both safety and effectiveness 
for remission induction therapy in patients with AAV.

Method
Study design and data source
We performed a multi-centre retrospective cohort study 
using data from the Japan Collaborative Registry of ANCA-
associated Vasculitis (J-CANVAS), a nationwide registry 

established by 24 hospitals in Japan. This registry enrolled 
adult (≥20 years) patients with newly diagnosed or severe 
relapsing AAV between January 2017 and June 2020. The 
patients were classified as having MPA, GPA, or EGPA, 
according to the definitions of the 2012 International Chapel 
Hill Consensus Conference [1] and the European Medicines 
Agency algorithm [16]. The participants were followed from 
disease onset to death, loss to follow-up, or June 2021.

Data collection
Data regarding the background (age, sex, disease type [MPA, 
GPA, or EGPA], newly-diagnosed and relapsed, body mass, 
height, a history of smoking, and presence of comorbidities 
including chronic bronchitis/bronchiectasis, diabetes, chronic 
kidney disease, and heart disease) of the participants, labora-
tory data (serum creatinine concentration, estimated glomeru-
lar filtration rate [eGFR], IgG titre, blood cell counts [neu-
trophils, lymphocytes, platelets], haemoglobin concentration, 
ANCA serotype [MPO-ANCA or PR3-ANCA]), and details 
of organ involvements (Birmingham vasculitis activity score 
version 3 [BVAS] [17]) were extracted from the database. 
The therapeutic agents being administered (glucocorticoid 
dose [prednisone equivalent] during the first 48 weeks follow-
ing the start of treatment, methylprednisolone pulse, RTX, 
CYC, mycophenolate mofetil, methotrexate, azathioprine, 
and mepolizumab, the initial and cumulative doses of IVCY 
and chemoprophylactic drugs against Pneumocystis jirovecii 
pneumonia (PCP) during the first 24 weeks following the start 
of treatment were also recorded. The outcomes recorded were 
severe infection (defined as ‘infections requiring hospitaliza-
tion or prolongation of existing hospitalization’ [18]), relapse 
(defined as BVAS >0), adverse events (such as neutropenia 
[count <1500/μL], lymphopenia [count <800/μL], anaemia 
[haemoglobin concentration <10 mg/dL], thrombocytopenia 
[count <75,000/μL] [18], and hypogammaglobulinemia [con-
centration <600 mg/dL] [19]), and death following the start 
of treatment. The collected data were recorded and inte-
grated using the electronic data collection system Viedoc (PCG 
solutions, Uppsala, Sweden).

Participants
The patients who were eligible for inclusion were those who 
had undergone IVCY therapy every 2–3 weeks (defined as 
11–24 days, with a margin of 3 days) as remission induction 
therapy for AAV. Patients with an eGFR <15 ml/min/1.73 m2
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or who were undergoing haemodialysis, and those who were 
administered RTX or had an infection prior to the start of 
IVCY were excluded.

Exposure and outcomes
The initial dose of IVCY that was administered as remission 
induction therapy for AAV was used as the main exposure 
and was categorized as very low-dose (VLD, <7.5 mg/kg), 
low-dose (LD, 7.5–12.5 mg/kg), and conventional dose (CD, 
>12.5 mg/kg), based on the CYCLOPS regimen. The co-
primary outcomes were infection-free survival (defined as time 
to severe infection or death from any cause) and relapse-free 
survival (defined as time to relapse or death from any cause) 
after the initiation of treatment.

The incidences of adverse events and reductions in gluco-
corticoid dose up to 48 weeks were also evaluated.

Statistical analysis
Data are summarized as the median (interquartile range 
[IQR]) or absolute numbers (percentages). Time-to-event data 
are described using Kaplan-Meier survival curves or cumula-
tive incidence functions, with death as a competing risk. The 
associations of the initial dose of IVCY with infection-free 
survival and relapse-free survival were evaluated using Cox 
regression models. Potential confounding factors between 
IVCY dose and severe infection were prespecified based on 
previous studies [20–23] and clinical perspectives, and were 
structured using directed acyclic graph (DAG) (Supplemen-
tary Figure S1). Based on the DAG, multivariate analyses 
were performed by two models (adjusted for age, eGFR, 
BVAS, relapsed cases [model 1, representing a minimal suf-
ficient adjustment set]; age, sex, disease type, ANCA type, 
relapsed cases, serum albumin concentration, a history of 
smoking, the presence of diabetes, the presence of chronic 
bronchitis/bronchiectasis, eGFR, BVAS, the initial glucocor-
ticoid dose, and the use of a methylprednisolone pulse [model 
2, representing an all-possible adjustment set]). The magni-
tude of the associations identified was described using hazard 
ratios (HRs) and 95% confidence intervals (CIs). We per-
formed a sensitivity analysis: we divided the analysis into three 
groups to ensure equal numbers at IVCY mg/kg. In addi-
tion, non-linear dose–response associations were expressed 
by incorporating restricted cubic spline (RCS) functions with 
four knots at the 5th, 35th, 65th, and 95th percentiles of the 
initial IVCY dose into Cox regression models (adjusted with 
model 2). IVCY doses were expressed in three ways: mg/kg, 
mg/m2, and the ratio to CYCLOPS regimen (actual IVCY 
dose/the recommended IVCY dose in the CYCLOPS regimen, 
which was based on the age and kidney function of the patient; 
Supplementary Table S1). Statistical analyses were performed 
using R software version 4.1.1 (R Foundation for Statistical 
Computing, Vienna, Austria).

Ethics
The study complied with the principles of the Declaration 
of Helsinki and the Ethical Guidelines for Epidemiological 
Research of the Ministry of Health, Labour, and Welfare 
of Japan. Because of the retrospective nature of the study, 
the requirement for written informed consent was waived. 
We used only anonymized data and provided an opportu-
nity for patients to opt-out of participation. The study was 

Figure 1. Flow diagram. eGFR, estimated glomerular filtration rate; IVCY, 
intravenous cyclophosphamide.

approved by the local Institutional Review Boards (IRBs) of 
the participating institutions, including the Ethics Commit-
tee of Kyoto Prefectural University of Medicine (approval 
number: ERB-C-1928).

Results
Participant characteristics
Of the 661 Japanese AAV patients registered in J-CANVAS, 
238 were treated with IVCY, of whom 93 underwent 
IVCY at intervals of 2–3 weeks. Ten patients with eGFRs 
<15 ml/min/1.73 m2 or who were undergoing haemodialy-
sis and three patients who were administered RTX prior 
to IVCY were excluded. Thus, data from 80 patients were 
analysed (Figure 1).

The baseline data for the participants (43 with MPA, 16 
with GPA, and 21 with EGPA; median age 72 years [IQR 
66–76 years]; 53 women; median eGFR 65.7 mL/min/1.73 m2

[IQR 42–86.2 mL/min/1.73 m2]; median BVAS 16 [IQR 
12–20]) are shown in Table 1. The median initial dose of 
IVCY was 10 mg/kg (IQR 8.2–13.7 mg/kg), and the VLD, 
LD, and CD groups comprised 12, 42, and 26 participants, 
respectively. Details of the IVCY dose in the participants are 
shown in Supplementary Table S2. The IVCY dosing inter-
vals were comparable between the three groups and changes 
in the second dose did not occur in most patients. Other 
immunosuppressants besides IVCY and chemoprophylactic 
drugs against PCP are shown in Supplementary Table S3. 
The median follow-up period was 720 days [IQR 373–1138
days]. 

Association between the initial IVCY dose and 
severe infection
During the follow-up period, 13 of the participants (16.2%) 
had developed a severe infection, and the median time to onset 
of the first severe infection was 110 (IQR 93–256) days. Three 
(3.8%) participants died, but none of these deaths occurred 
because of apparent vasculitis or infection. The infection-free 
survival time for each IVCY dose group is shown in Figure 2a. 
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Table 1. Baseline characteristics and treatments of the participants.

All participants VLD (IVCY <7.5 mg/kg) LD (IVCY 7.5–12.5 mg/kg) CD (IVCY >12.5 mg/kg)

Number of participants n = 80 n = 12 n = 42 n = 26
Age at diagnosis, years, 

median [IQR]
72 [66, 76] 73 [71, 81] 72 [65, 78] 70 [65, 74]

Women, n (%) 53 (66) 5 (42) 32 (76) 16 (62)
BMI, kg/m2, median [IQR] 21.5 [19.1, 24.7] 21.8 [19.9, 25.1] 21.8 [20.2, 25.1] 20.3 [18.8, 23.9]
History of smoking, n (%) 32 (40) 6 (50) 15 (36) 11 (42)
Relapse cases, n (%) 5 (6) 1 (8) 2 (5) 2 (8)
AAV classification
–GPA, n (%) 16 (20) 0 (0) 9 (21) 7 (27)
–MPA, n (%) 43 (54) 10 (83) 21 (50) 12 (46)
–EGPA, n (%) 21 (26) 2 (17) 12 (29) 7 (27)
Type of ANCA
–PR3-ANCA, n (%) 8 (10) 0 (0) 4 (9.5) 4 (15)
–MPO-ANCA, n (%) 59 (74) 11 (92) 30 (71) 18 (69)
–Seronegative, n (%) 13 (16) 1 (8.3) 8 (19) 4 (15)
Organ involvement
–Renal, n (%) 51 (63.7) 11 (92) 24 (57) 16 (61.5)
–Chest, n (%) 35 (43.8) 5 (42) 20 (48) 10 (38.5)
–Alveolar haemorrhage,

n (%)
8 (10) 2 (17) 2 (5) 4 (15)

–Nervous, n (%) 38 (47.5) 4 (33) 24 (57) 10 (38.5)
AAV-specific indices
–FFS at diagnosis, median 

[IQR]
1 [1, 2] 2 [1, 2] 1 [1, 2] 1 [1, 2]

–Mean BVAS at diagnosis, 
median [IQR]

16 [12, 20] 16 [12.8, 20.8] 16.5 [12.3, 20] 14 [11.3, 20]

Routine laboratory results 
at diagnosis

–Serum albumin, g/dL, 
median [IQR]

2.8 [2.4, 3.1] 2.5 [2.2, 2.9] 2.8 [2.3, 3.1] 3 [2.5, 3.3]

–Serum creatinine, mg/dL, 
median [IQR]

0.76 [0.59, 1.2] 1. [1.01, 1.81] 0.73 [0.58, 1.18] 0.72 [0.55, 0.93]

–eGFR, median [IQR] 65.7 [42, 86.2] 43.8 [27.7, 53.7] 66.5 [41.9, 85.3] 72.1 [50.5, 92.9]
Comorbidities at diagnosis
–Chronic bronchi-

tis/bronchiectasis,
n (%)

7 (8.8) 2 (17) 4 (9.5) 1 (3.8)

–Diabetes, n (%) 19 (24) 3 (25) 9 (21) 7 (27)
–Chronic kidney disease, 

n (%)
7 (8.8) 3 (25) 4 (9.5) 0 (0)

Glucocorticoid use
–Initial dose (prednisone 

equivalent), mg/day, 
median [IQR]

50 [40, 60] 50 [49, 60] 50 [40, 60] 50 [40, 60]

–Methylprednisolone pulse, 
n (%)

41 (51) 6 (50) 24 (57) 11 (42)

Participants were categorized according to IVCY dose: very low-dose (VLD), low-dose (LD), and conventional dose (CD) (<7.5, 7.5–12.5, and >12.5 mg/kg, 
respectively). Continuous variables are described using the median (interquartile range, IQR), and categorical variables are described using numbers (percent-
ages).
IVCY, intravenous cyclophosphamide; BMI, body mass index; AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis; GPA, granulomatosis polyangi-
itis; MPA, microscopic polyangiitis; EGPA, eosinophilic granulomatosis polyangiitis; FFS, Five Factor Score; BVAS, Birmingham vasculitis activity score version 
3; eGFR, estimated glomerular filtration rate.

The cumulative incidences of infection and death are shown 
in Supplementary Figure S2.

In the multivariate model 1, the HRs for severe infection or 
death were 4.3 (95% CI 0.94–19.8) for the VLD regimen and 
5.1 (95% CI 1.23–21.3) for the CD regimen, compared with 
the LD regimen (Table 2). The results of other models are also 
included in Table 2.

Association between the initial IVCY dose and 
relapse
During the follow up period, seven participants (8.8%) 
relapsed, and the median time to relapse was 255 days (IQR 

191–259 days). The relapse-free survival time for each IVCY 
dose group is shown in Figure 2b. The cumulative incidences 
of relapse are shown in Supplementary Figure S2. In the mul-
tivariate model 1, the HRs for relapse or death were 1.3 (95% 
CI 0.37–4.6) for the VLD regimen and 0.39 (95% CI 0.1–1.5) 
for the CD regimen, compared with the LD regimen (Table 3). 
The results of other models are also included in Table 3.

Sensitivity analysis
A sensitivity analysis was performed when the three groups 
were divided into equal numbers using the IVCY mg/kg ter-
tile point instead of classification based on the CYCLOPS 
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Figure 2. Associations between IVCY dose and clinical outcomes. (a) Infection-free survival after treatment initiation. (b) Relapse-free survival after 
treatment initiation. Participants were categorized according to IVCY dose: very low-dose (VLD), low-dose (LD), and conventional dose (CD) (<7.5, 
7.5–12.5, and >12.5 mg/kg, respectively). IVCY, intravenous cyclophosphamide.

Table 2. Association between IVCY dose and infection-free survival.

 Hazard ratio for severe infection or death (95% CI), P-value

Univariate Model 1 (main analysis) Model 2

VLD (IVCY <7.5 mg/kg) 5.2 (1.2–23.2), 0.031 4.3 (0.94–19.8), 0.06 2.6 (0.32–21.8), 0.37
LD (IVCY 7.5–12.5 mg/kg) Reference Reference Reference
CD (IVCY >12.5 mg/kg) 3.8 (0.98–14.6), 0.054 5.1 (1.21–21.3), 0.026 14.2 (2.1–94.8), 0.006

Participants were categorized according to IVCY dose: very low-dose (VLD), low-dose (LD), and conventional dose (CD) (<7.5, 7.5–12.5, and >12.5 mg/kg, 
respectively). Model 1 was adjusted for age, eGFR, BVAS, and relapsed cases (minimal sufficient adjustment set). Model 2 was adjusted for age, sex, disease 
type, ANCA type, relapsed cases, serum albumin concentration, a history of smoking, the presence of diabetes, the presence of chronic bronchitis/bronchiec-
tasis, eGFR, BVAS, the initial glucocorticoid dose, and the use of a methylprednisolone pulse (all-possible adjustment set).
IVCY, intravenous cyclophosphamide; 95% CI, 95% confidence interval; ANCA, antineutrophil cytoplasmic antibody serotype; BVAS, Birmingham vasculitis 
activity score version 3; eGFR, estimated glomerular filtration rate.

regimen. There were 27 patients with tertile 1 (<8.8 mg/kg), 
27 patients with tertile 2 (8.8–12.5 mg/kg), and 26 patients 
with tertile 3 (>12.5 mg/kg). In the multivariate models (same 
confounding factor adjustment as in Model 1), the HRs for 
severe infection or death were 2.4 (95% CI 0.45–12.5) for 
the tertile 1 and 5.8 (95% CI 1.1–30.6) for the tertile 3 com-
pared with the tertile 2; the HRs for relapse or death were 0.9 
(95% CI 0.28–2.9) for the tertile 1 and 0.41 (95% CI 0.1–1.7) 
for the tertile 3 compared with the tertile 2 (Supplementary 
Table S4). 

Non-linear associations of the initial IVCY dose 
with severe infection and relapse
The RCS analysis revealed that the HR for severe infection or 
death increased when the initial IVCY dose exceeded 9 mg/kg 
(Figure 3a). For body surface area-based dosing, the risk 
of severe infection increased when the IVCY dose exceeded 
350 mg/m2 (Supplementary Figure S3). In addition, exceeding 
the recommended dose in the CYCLOPS regimen was asso-
ciated with a higher risk of severe infection (Supplementary 
Figure S3). 

For the association between the initial dose of IVCY 
and the risk of relapse, a nearly horizontal RCS curve was 
found (Figure 3b and Supplementary Figure S3).

Adverse events in each group
Cytopenia developed in 7 (58%) participants in the VLD 
group, 30 (71%) in the LD group, and 16 (62%) in the 

CD group up to 24 weeks after the initiation of treat-
ment (Table 4).

The lowest median IgG titres up to 24 weeks after
the initiation of treatment were 568.5 mg/dL (IQR 497.8–
764.5 mg/dL) in the VLD group, 736 mg/dL (IQR 547–
931 mg/dL) in the LD group, and 603 mg/dL
(IQR 506.5–810.5 mg/dL) in the CD group. The incidences of 
hypogammaglobulinemia in each group are shown in Table 4.

Reductions in glucocorticoid dose in each group
The prednisone doses being administered at 48 weeks 
did not differ among the groups, with median values 
of 7 mg/day (IQR 4.5–11 mg/day) in the VLD group, 
7.5 mg/day (IQR 5–10 mg/day) in the LD group, and 
8 mg/day (IQR 7–11 mg/day) in the CD group (Supplementary
Table S5).

Discussion
In the present study, we have investigated the association 
between the dose of IVCY and the risk of severe infection 
during remission induction therapy for AAV, using data from 
a nationwide registry in Japan. We have shown that the LD 
regimen (7.5–12.5 mg/kg) result in fewer severe infections 
compared with the CD regimen (>12.5 mg/kg), with compara-
ble therapeutic effectiveness. There was no obvious difference 
between the CD and LD regimens with respect to the rate 
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Table 3. Association between IVCY dose and relapse-free survival.

 Hazard ratio for relapse or death (95% CI), P-value

Univariate Model 1 (main analysis) Model 2

VLD (IVCY <7.5 mg/kg) 1.3 (0.4–4.1), 0.67 1.3 (0.37–4.6), 0.68 1 (0.22–4.8), 0.98
LD (IVCY 7.5–12.5 mg/kg) Reference Reference Reference
CD (IVCY >12.5 mg/kg) 0.47 (0.13–1.7), 0.25 0.39 (0.1–1.5), 0.18 0.44 (0.08–2.4), 0.34

Participants were categorized according to IVCY dose: very low-dose (VLD), low-dose (LD), and conventional dose (CD) (<7.5, 7.5–12.5, and >12.5 mg/kg, 
respectively). Model 1 was adjusted for age, eGFR, BVAS, and relapsed cases (minimal sufficient adjustment set). Model 2 was adjusted for age, sex, disease 
type, ANCA type, relapsed cases, serum albumin concentration, a history of smoking, the presence of diabetes, the presence of chronic bronchitis/bronchiec-
tasis, eGFR, BVAS, the initial glucocorticoid dose, and the use of a methylprednisolone pulse (all-possible adjustment set).
IVCY, intravenous cyclophosphamide; 95% CI, 95% confidence interval; ANCA, antineutrophil cytoplasmic antibody serotype; BVAS, Birmingham vasculitis 
activity score version 3; eGFR, estimated glomerular filtration rate.

Figure 3. Non-linear association between IVCY dose and clinical outcomes. (a) IVCY dose (mg/kg) vs. infection-free survival. (b) IVCY dose (mg/kg) vs. 
relapse-free survival. The log hazard ratio (solid red line) and 95% confidence intervals (dashed blue lines) were estimated using Cox models with 
restricted cubic spline (four knots). Adjusted variables were age, sex, disease type, ANCA type, relapsed cases, serum albumin concentration, a history 
of smoking, the presence of diabetes, the presence of chronicbronchitis/bronchiectasis, eGFR, BVAS, the initial glucocorticoid dose, and the use of a 
methylprednisolone pulse. ANCA, antineutrophil cytoplasmic antibody serotype; eGFR, estimated glomerular filtration rate; IVCY, intravenous 
cyclophosphamide.

of glucocorticoid dose reduction or the severity of cytope-
nias, but the decrease in IgG titers was smaller in the LD 
regimen than in the CD regimen. Furthermore, RCS regres-
sion revealed a non-linear association between IVCY dose and 
severe infection, and the HR for severe infection or death 
increased when the initial IVCY dose exceeded 9 mg/kg (or 
∼350 mg/m2). These findings can help clinicians optimize the 
dosage of IVCY for patients.

Regimens that adjust CYC dose according to the kidney 
function and age of the patient has been proposed and imple-
mented in several previous trials. However, none of these have 
demonstrated that this approach is safer than the conven-
tional full-dose regimen. In the CORTAGE study, a fixed low 
dose of 500 mg reduced the incidence of adverse events, inde-
pendent of renal function, compared with the conventional 
regimen of 500 mg/m2, and did not affect the remission rate. 
For the present study, we hypothesized that a low-dose reg-
imen with further dosage adjustment on the basis of body 
size would be more appropriate. The IVCY doses proposed 
in the present study are also generally consistent with those 
used for SLE and systemic sclerosis (SSc). For example, a fixed 
low-dose IVCY regimen of 500 mg every 2 weeks in patients 
with lupus nephritis and 600 mg/m2 once a month in those 
with SSc-associated interstitial lung disease have been used. 
These are equivalent to 300–450 mg/m2 or 7.5–12.5 mg/kg at 
2–3 week intervals [24]. Indeed, in the majority of our patients 

(69/80), the recommended IVCY dose in the CYCLOPS regi-
men based on age and kidney function fell between 7.5 mg/kg 
and 12.5 mg/kg.

The possible mechanisms underlying the association 
between IVCY dose and severe infection that we have demon-
strated in the present study are as follows. The magnitude 
of the decrease in IgG was smaller under the LD regimen 
than under the CD regimen in the study. Higher incidences 
of infection have been reported in association with several 
diseases in patients with low IgG titres [25–27]. CYC has 
been reported to dose-dependently increase the risk of cytope-
nia, and this may also be linked to the risk of infection
[28, 29]. By means of a RCS, we identified a non-linear asso-
ciation between the initial IVCY dose and the hazard ratio 
for severe infection or death, which increased when the ini-
tial IVCY dose exceeded 9 mg/kg. Highly active AAV has 
been reported to predict severe infection, and under-dosing 
with IVCY may increase the risks of infection and death, 
as a result of residual disease activity [30]. Although it was 
originally believed that 400–1000 mg/m2 doses were required 
for effective chemotherapy and the induction of systemic 
immunosuppression, ≤300 mg/m2 has also been reported to 
be sufficient for immunomodulation in humans [29]. These 
findings suggest that conventional doses of IVCY of 15 mg/kg 
or 500 mg/m2 may be excessive for the immunomodulation 
of autoimmune diseases, such as vasculitis. Overall, IVCY 
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Table 4. Adverse events up to 24 weeks after the initiation of treatment.

VLD (IVCY 
<7.5 mg/kg)

LD (IVCY 
7.5–12.5 mg/kg)

CD (IVCY 
>12.5 mg/kg)

Number of 
participants

n = 12 n = 42 n = 26

Cytopenia, n (%) 7 (58) 30 (71) 16 (62)
Lymphopenia, n (%) 6 (50) 26 (62) 16 (62)
Neutropenia, n (%) 1 (8) 2 (5) 1 (4)
Anaemia, n (%) 4 (33) 16 (38) 10 (39)
Thrombocytopenia, 

n (%)
1 (8) 3 (7) 2 (8)

Hypogamma-
globulinemia, 
n (%)

5 (50) 12 (32) 12 (50)

Severe infection, 
n (%)

3 (25) 2 (5) 2 (8)

Death, n (%) 1 (8) 0 (0) 0 (0)

n (%) represents the number and percentage of patients. Participants 
were categorized according to IVCY dose: very low-dose (VLD), low-
dose (LD), and conventional dose (CD) (<7.5, 7.5–12.5, and >12.5 mg/kg, 
respectively). ‘Cytopenia’ included lymphopenia, neutropenia, anaemia, 
and thrombocytopenia. Lymphopenia: <800/μL, neutropenia: <1500/μL, 
anaemia: <10 mg/dL, thrombocytopenia: <75,000/m3, hypogammaglobu-
linemia: minimum serum IgG titre <600 mg/dL up to 24 weeks after the start 
of treatment.
IVCY, intravenous cyclophosphamide.

dose should be neither too high nor too low, and a low-
dose regimen of 7.5–12.5 mg/kg (approximately 9 mg/kg or 
∼350 mg/m2) may be associated with an optimal balance 
between efficacy and safety. Further research is needed on 
IVCY dosing, including randomized controlled trials.

The principal strength of the present study was that we 
used a nationwide, multi-centre study in Japan to characterize 
the optimal IVCY dosage for remission induction therapy in 
patients with AAV. Furthermore, patients were approximately 
10 years older than patients studied in most major AAV tri-
als. Patients may have received the VLD regimen, which was 
below the minimum dose recommended by the CYCLOPS 
regimen, because they had a poorer performance status. How-
ever, although the crude incidence of severe infections was 
higher in the VLD group, there was no clear difference 
between the VLD and LD groups after adjustment for con-
founding factors. By dividing IVCY doses into three categories 
without excluding outliers such as VLD, this study focused 
on comparing CD and LD regimens within the CYCLOPS 
regimen, and was also able to assess dose-response by RCS.

The study also had some limitations that are inherent to 
observational studies of real-life clinical practice. First, the 
sample size may not have been sufficient and there is uncer-
tainty in our findings. Second, no strict treatment protocol 
was set, and therefore the treatment regimens varied between 
hospitals and physicians; variations in IVCY doses and inter-
vals, as well as differences in treatment other than IVCY, could 
have affected the estimated risk of severe infection. Particu-
larly, there could be an effect of time-dependent confounding 
related to the treatment performed after the IVCY. However, 
there does not seem to be a clear difference in the immuno-
suppressive drugs and glucocorticoid dose reduction between 
the LD and CD groups. To address inconsistencies in the inter-
vention, by limiting the administration to 2–3 weeks intervals, 
we were able to determine how the various IVCY doses relate 
to the risk of severe infection. Third, patients who could not 
receive a second or subsequent administration of IVCY were 

not included in the analysis, which may have led to an under-
estimation of the incidence of severe infection. Finally, as 
the effectiveness of IVCY varies with ethnicity [31], further 
studies including non-Asians are needed.

Conclusion
In the present study, we have identified an optimal low-dose 
IVCY regimen for remission induction therapy in patients 
with AAV, which is expected to improve the prognosis of AAV. 
IVCY doses of 7.5–12.5 mg/kg (approximately 9 mg/kg), com-
pared with the conventional dose of 15 mg/kg, may reduce the 
risk of infection while maintaining similar effectiveness.
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