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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) (<75 mg/kg, 7.56-12.5 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 (Cl) 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
9mg/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

(>12.5mg/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/m?, 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 (>20years) 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/uL], lymphopenia [count <800/uL], anaemia
[haemoglobin concentration <10 mg/dL], thrombocytopenia
[count <75,000/pL] [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 m?
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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/m?, 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

769

AAV (n = 661)

|

IVCY use (n = 238)

Excluded (n = 145)
Single administration of IVCY (n = 34)
IVCY interval < 10 (n = 10)
IVCY interval > 25 (n = 101)

v

v

IVCY interval of 11-24 days

(n=93)
Excluded (n = 13)
—> | eGFR below 15 or dialysis (n = 10)
Rituximab preceding IVCY (n = 3)
v
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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 m?> 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 m?
[IQR 42-86.2mL/min/1.73 m?]; median BVAS 16 [IQR
12-20]) are shown in Table 1. The median initial dose of
IVCY was 10mg/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.

Sofue et al.

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=2380 n=12 n=42 n=26
Age at diagnosis, years, 72 (66, 76] 73 [71, 81] 72 (65, 78] 70 [65, 74]
median [IQR]
Women, 7 (%) 53 (66) 5(42) 32 (76) 16 (62)
BMLI, kg/m?, 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, 7 (%) 32 (40) 6 (50) 15 (36) 11 (42)
Relapse cases, 7 (%) 5(6) 1(8) 2(5) 2(8)
AAV classification
~GPA, 1 (%) 16 (20) 0(0) 9(21) 7(27)
_MPA, 1 (%) 43 (54) 10 (83) 21 (50) 12 (46)
—EGPA, 1 (%) 21 (26) 2(17) 12 (29) 7(27)
Type of ANCA
—PR3-ANCA, 7 (%) 8 (10) 0 (0) 4 (9.5) 4 (15)
—MPO-ANCA, 7 (%) 59 (74) 11 (92) 30 (71) 18 (69)
—Seronegative, 7 (%) 13 (16) 1(8.3) 8 (19) 4 (15)
Organ involvement
—Renal, 7 (%) 51(63.7) 11 (92) 24 (57) 16 (61.5)
—Chest, 7 (%) 35 (43.8) 5(42) 20 (48) 10 (38.5)
—Alveolar haemorrhage, 8 (10) 2 (17) 2(5) 4 (15)
n (%)
_Nervous, 7 (%) 38 (47.5) 4(33) 24 (57) 10 (38.5)
AAV-specific indices
—FFS at diagnosis, median 11[1,2] 201,2] 11[1,2] 11[1,2]
[IQR]
_Mean BVAS at diagnosis, 16 [12, 20] 16 [12.8, 20.8] 16.5 [12.3, 20] 14 [11.3, 20]
median [IQR]
Routine laboratory results
at diagnosis
—_Serum albumin, g/dL, 2.8[2.4,3.1] 2.5[2.2,2.9] 2.8[2.3,3.1] 3[2.5,3.3]

median [IQR]
—Serum creatinine, mg/dL,
median [IQR]
—eGFR, median [IQR]
Comorbidities at diagnosis

0.76 [0.59, 1.2]

65.7 [42, 86.2]

—Chronic bronchi- 7 (8.8) 2(17)
tis/bronchiectasis,
n (%)

—Diabetes, 1 (%) 19 (24) 3(23)

—Chronic kidney disease, 7 (8.8) 3(25)
n (%)

Glucocorticoid use

—Initial dose (prednisone 50 [40, 60] 50 [49, 60]
equivalent), mg/day,
median [IQR]

—Methylprednisolone pulse, 41 (51) 6 (50)

1 (%)

1.[1.01, 1.81]

43.8 [27.7, 53.7)

0.73 [0.58, 1.18] 0.72[0.55, 0.93]

66.5 [41.9, 85.3] 72.1 [50.5, 92.9]

4(9.5) 1(3.8)

9 (21) 7(27)

4 (9.5) 0 (0)

50 [40, 60] 50 [40, 60]
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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(a)
1.0
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0.84
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Infection-free survival

—VLD —LD —CD
0.5

0 50 100 150 200 250 300
Time after treatment (day)
Number at risk
VID 12 10 9 9 8 8 8
LD 42 41 39 35 35 34 34
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1.04
0.94
0.84
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Relapse-free survival
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0.5

0 50 100 150 200 250 300
Time after treatment (day)
Number at risk
VID 12 12 11 10 10 10 10
LD 42 41 38 36 35 34 33
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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) (<75,
75-12.5, 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)
LD (IVCY 7.5-12.5 mg/kg)
CD (IVCY >12.5 mg/kg)

5.2(1.2-23.2),0.031
Reference
3.8 (0.98-14.6), 0.054

4.3 (0.94-19.8), 0.06
Reference
5.1(1.21-21.3),0.026

2.6 (0.32-21.8),0.37
Reference
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% CI10.28-2.9) for the tertile 1 and 0.41 (95% CI10.1-1.7)
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/m? (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-
764.5mg/dL) in the VLD group, 736 mg/dL (IQR 547-
931mg/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 7mg/day (IQR 4.5-11mg/day) in the VLD group,
7.5 mg/day (IQR 5-10mg/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.

Sofue et al.

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

Univariate

Model 1 (main analysis) Model 2

VLD (IVCY <7.5 mg/kg)
LD (IVCY 7.5-12.5 mg/kg)
CD (IVCY >12.5 mg/kg)

1.3 (0.4-4.1),0.67
Reference
0.47 (0.13-1.7),0.25

1.3 (0.37-4.6), 0.68
Reference
0.39 (0.1-1.5),0.18

1(0.22-4.8),0.98
Reference
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.

(a) (b)
4 ] 4
Infection or death Relapse or death
o 24 2
]
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IVCY dose (mg/kg)

IVCY dose (mg/kg)

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/m?). 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/m?, 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/m? once a month in those
with SSc-associated interstitial lung disease have been used.
These are equivalent to 300-450 mg/m? 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/m? doses were required
for effective chemotherapy and the induction of systemic
immunosuppression, <300 mg/m? 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/m? 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 LD (IVCY CD (IVCY
<7.5mg/kg) 7.5-12.5mg/kg) >12.5 mg/kg)

Number of
participants
Cytopenia, 7 (%) 7 (5
Lymphopenia, (%) 6 (5
Neutropenia, 7 (%) 1(8
4(3
1(8

n=42

) 1
) 1
Anaemia, 7 (%) ) 1
Thrombocytopenia,
n (%)
Hypogamma-
globulinemia,
n (%)
Severe infection,
n (%)
Death, 7 (%) 1(8) 0 (0) 0 (0)

—_
WA DN O

(7
(6
§
(3
(7

— 0T N =

12 (32)

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/pL, neutropenia: <1500/pL,

anaemia: <10 mg/dL, thrombocytopenia: <75,000/m>, 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
~350mg/m?) 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

773

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.

Acknowledgements

We thank Mark Cleasby, PhD from Edanz (https://jp.edanz.
com/ac) for editing a draft of this manuscript. This work
was supported by J-STAR-CR, the Committee on Clinical
Research, Japan College of Rheumatology. Statistical advice
was obtained from Hisashi Noma. This work was presented
as a workshop at the 67th Annual Scientific Meeting of the
Japan College of Rheumatology.

Supplementary data

Supplementary data is available at Modern Rheumatology
online.

Conflict of interest

T.Ki. has received honoraria for speaker’s bureaus from Asahi
Kasei Pharma and Chugai. S.O. has received honoraria for
speaker’s bureaus from Asahi Kasei Pharma. D.N. has received
scholarship grants from Asahi Kasei Pharma, Chugai, and
honoraria for speaker’s bureaus from Asahi Kasei Pharma,
Chugai. N.T. has received honoraria for speaker’s bureaus
from Asahi Kasei Pharma, Chugai, Kyowa Kirin, Mylan,
Pfizer and Towa Pharmaceutical. A.N. has received hono-
raria for speaker’s bureaus from Asahi Kasei Pharma and
Chugai. S.H. has received research grants from Asahi Kasei
Pharma, Chugai, Pfizer and Shionogi, and honoraria for
speaker’s bureaus from Asahi Kasei Pharma, Chugai, Kyorin
and Pfizer. K.M. has received research grants from Asahi
Kasei Pharma and Chugai. M.Kat. has received honoraria for
speaker’s bureaus from Asahi Kasei Pharma, Chugai, Kyowa
Kirin, Pfizer and Viatris. T.Taka. has received scholarship
grants from Chugai and, Kyowa Kirin and honoraria for
speaker’s bureaus from Chugai. W.E. has received honoraria
for speaker’s bureaus from Asahi Kasei Pharma, Chugai, Pfizer
and Takeda. M.Koh. has received honoraria for speaker’s
bureaus from Asahi Kasei Pharma, Chugai and Pfizer. Y.Ka.
has received research grants from Asahi Kasei Pharma and
Chugai, and honoraria for speaker’s bureaus from Asahi
Kasei Pharma, Chugai Pharmaceutical and Mylan. The other
authors declare that they have no conflicts of interest to
disclose.

Funding

This work was supported by the Japan Society for the Promo-
tion of Science KAKENHI [grant number JP22K16348].

920z A\ 1 uo Jasn ueyoysoinyozn4 nyebleq suewiys Aq y¥ZE622/29./v/vE/o10nie/iw/woo dno olwapese//:sdiy Woll papeojumMo(]


https://jp.edanz.com/ac
https://jp.edanz.com/ac
https://academic.oup.com/mr/article-lookup/doi/10.1093/mr/road099#supplementary-data

774

Data availability

The data underlying this article will be shared on reasonable
request to the corresponding author.

Contributors

H.S., T.Ki., A.H., T.Iha., N.Y., T.Ka., and Y.Ka. contributed
to the study conception and design. S.0., M.Kad., D.N.,
YA, N.T, AN, YK, NK, Y.Y, TY, K.E, S.H., KM.,
T.Take., K.I.,, M.Kat., R.Y., Y.Ma., Y.S., R.N., R.O,, T.Taka.,
T.Ito., M.M., A.T., and Y.Mi. contributed to the acquisition
of data. H.S., T.Xi., K.F., W.F,, T.S., M.W., M.Koh., and Y.Ka.
performed data analysis and interpretation. H.S. and T.Ki.
drafted the manuscript. All authors revised and approved the
final version to be published. Y.Ka. is responsible for the
overall content as guarantor.

References

[1] Jennette JC, Falk RJ, Bacon PA et al. 2012 Revised International
Chapel Hill Consensus Conference Nomenclature of Vasculitides.
Arthritis Rheum 2013; 65:1-11.

[2] Yates M, Watts RA, Bajema IM et al. EULAR/ERA-EDTA recom-
mendations for the management of ANCA-associated vasculitis.
Ann Rheum Dis 2016; 75:1583-94.

[3] Little MA, Nightingale P, Verburgh CA et al. Early mortality in sys-
temic vasculitis: relative contribution of adverse events and active
vasculitis. Ann Rheum Dis 2010; 69:1036-43.

[4] Flossmann O, Berden A, de Groot K et al. Long-term patient
survival in ANCA-associated vasculitis. Ann Rheum Dis 2011;
70:488-94.

[5] Heijl C, Mohammad AJ, Westman K et al. Long-term patient
survival in a Swedish population-based cohort of patients with
ANCA-associated vasculitis. RMD Open 2017; 3:¢000435.

[6] Morris AD, Elsayed ME, Ponnusamy A et al. Treatment outcomes
of anti-neutrophil cytoplasmic autoantibody-associated vasculitis
in patients over age 75 years: a meta-analysis. Am | Nephrol 2020;
51:327-36.

[7] de Groot K, Harper L, Jayne DRW et al. Pulse versus daily oral
cyclophosphamide for induction of remission in antineutrophil
cytoplasmic antibody-associated vasculitis. Ann Intern Med 2009;
150:670-80.

[8] La-Crette J, Royle ], Lanyon PC et al. Long-term outcomes
of daily oral vs. pulsed intravenous cyclophosphamide in a non-
trial setting in ANCA-associated vasculitis. Clin Rheumatol 2018;
37:1085-90.

[9] Hellmich B, Sanchez-Alamo B, Schirmer JH et al. EULAR recom-
mendations for the management of ANCA-associated vasculitis:
2022 update. Ann Rheum Dis 2023; ard-2022-223764. Online
ahead of print.

[10] Chung SA, Langford CA, Maz M et al. 2021 American
College of Rheumatology/Vasculitis Foundation Guideline
for the management of antineutrophil cytoplasmic antibody-
associated vasculitis. Arthritis Care Res (Hoboken) 2021; 73:
1088-105S.

[11] Jones RB, Willem Cohen Tervaert J, Hauser T et al. Rituximab ver-
sus cyclophosphamide in ANCA-associated renal vasculitis. N Engl
J Med 2010; 363:211-20.

[12] Raashid Lugmani DM ER.C.P, ER.C.P(E.), Matthew D M
M.R.C.P, Ph.D., Chel6, Jayne DRW et al.. Avacopan for the
treatment of ANCA-associated vasculitis. N Engl | Med 2021,
384:599-609.

[13] Houssiau FA, Vasconcelos C, D’Cruz D et al. Immunosuppres-
sive therapy in lupus nephritis: the Euro-Lupus Nephritis Trial,

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Sofue et al.

a randomized trial of low-dose versus high-dose intravenous
cyclophosphamide. Arthritis Rheum 2002; 46:2121-31.

Gapud EJ, Kronbichler A, Gauckler P ef al.. Immunotherapy
for ANCA-associated vasculitis during the COVID-19 pandemic.
Eur ] Rheumatol 2020; 7:5121-S8.

Pagnoux C, Quemeneur T, Ninet ] et al. Treatment of systemic
necrotizing vasculitides in patients aged sixty-five years or older:
results of a multicenter, open-label, randomized controlled trial
of corticosteroid and cyclophosphamide-based induction therapy.
Arthritis Rheumatol 2015; 67:1117-27.

Jayne DRW, Gaskin G, Rasmussen N et al. Randomized
trial of plasma exchange or high-dosage methylprednisolone as
adjunctive therapy for severe renal vasculitis. ] Am Soc Nephrol
2007; 18: 2180-8.

Mukhtyar C, Lee R, Brown D ef al. Modification and valida-
tion of the Birmingham Vasculitis Activity Score (version 3). Ann
Rheum Dis 2009; 68:1827-32.

Common Terminology Criteria for Adverse Events (CTCAE)
Version 5. US Department of Health and Human Services,
National Institutes of Health, National Cancer Institute. Bethesda,
MD. https://ctep.cancer.gov/protocolDevelopment/electronic_
applications/ctc.htm#fctc_50 (27 November 2017, date last
accessed).

Md Yusof MY, Vital EM, McElvenny DM et al. Predicting severe
infection and effects of hypogammaglobulinemia during therapy
with rituximab in rheumatic and musculoskeletal diseases. Arthri-
tis Rheumatol 2019; 71:1812-23.

Jourdain P, Brilland B, Medhioub O et al. Incidence and tem-
poral trend in risk factors of severe infections in ANCA-
glomerulonephritis patients. Kidney Int Rep 2021; 6:1161-5.
Titeca-Beauport D, Francois A, Lobbedez T et al. Early predictors
of one-year mortality in patients over 65 presenting with ANCA-
associated renal vasculitis: a retrospective, multicentre study. BMC
Nephrol 2018; 19:317.

Yang L, Xie H, Liu Z er al. Risk factors for infectious complica-
tions of ANCA-associated vasculitis: a cohort study. BMC Nephrol
2018;19:138.

Xu T, Chen Z, Jiang M et al. Association between different infec-
tion profiles and one-year outcomes in ANCA-associated vasculi-
tis: a retrospective study with monthly infection screening. RMD
Open 2022; 8:¢002424.

Nair A, Aly Morsy MA, Jacob S. Dose translation between labora-
tory animals and human in preclinical and clinical phases of drug
development. Drug Dev Res 20185 79:373-82.

Visentin A, Compagno N, Cinetto F et al. Clinical profile associ-
ated with infections in patients with chronic lymphocytic leukemia.
Protective role of immunoglobulin replacement therapy. Haemato-
logica 2015; 100:e515-e518.

Ogi M, Yokoyama H, Tomosugi N et al. Risk factors for infec-
tion and immunoglobulin replacement therapy in adult nephrotic
syndrome. Am | Kidney Dis 1994; 24:427-36.

Omura S, Kida T, Noma H et al. Association between hypogam-
maglobulinaemia and severe infections during induction therapy
in ANCA-associated vasculitis: from J-CANVAS study. Rheuma-
tology (Oxford) 2023; kead138.

Petri M. Cyclophosphamide: new approaches for systemic lupus
erythematosus. Lupus 2004; 13:366-71.

Hughes E, Scurr M, Campbell E et al. T-cell modulation
by cyclophosphamide for tumour therapy. Immunology 2018;
154:62-8.

Rathmann J, Jayne D, Segelmark M et al. Incidence and predictors
of severe infections in ANCA-associated vasculitis: a population-
based cohort study. Rheumatology (Oxford) 2021; 60:2745-54.
Ewa Litwic AE, Kannamma Sriranganathan MK, John Edwards
CJ. Race and the response to therapies for lupus: how strong is the
evidence?. Int | Clin Rheumtol 2013; 8:471-81.

920z A\ 1 uo Jasn ueyoysoinyozn4 nyebleq suewiys Aq y¥ZE622/29./v/vE/o10nie/iw/woo dno olwapese//:sdiy Woll papeojumMo(]


https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50

	Optimal dose of intravenous cyclophosphamide during remission induction therapy in ANCA-associated vasculitis: A retrospective cohort study of J-CANVAS
	 Introduction
	 Method
	 Study design and data source
	 Data collection
	 Participants
	 Exposure and outcomes
	 Statistical analysis
	 Ethics

	 Results
	 Participant characteristics
	 Association between the initial IVCY dose and severe infection
	 Association between the initial IVCY dose and relapse
	 Sensitivity analysis
	 Non-linear associations of the initial IVCY dose with severe infection and relapse
	 Adverse events in each group
	 Reductions in glucocorticoid dose in each group

	 Discussion
	 Conclusion
	Acknowledgements
	 Supplementary data
	 Conflict of interest
	 Funding
	 Data availability
	 Contributors
	References


