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Abstract
Background: We previously identi�ed tissue inhibitor of metalloproteinase 1 (TIMP-1) as a biomarker of
disease activity that distinguished mildly or highly active antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV) from remission 6 months after the initiation of remission-induction therapy. In
the present study, we investigated whether TIMP-1 is clinically useful as a predictor of relapse and
sustained remission in AAV patients with microscopic polyangiitis (MPA) and granulomatosis with
polyangiitis (GPA) during maintenance therapy.

Methods: The relationship between serum TIMP-1 levels and clinical outcomes in AAV patients receiving
maintenance therapy was assessed using the follow-up data of a Japanese large-cohort study (the
RemIT-JAV-RPGN study) and data collected from AAV patients on maintenance therapy in our hospital
(the MAAV-EU study).

Results: In the RemIT-JAV RPGN study, serum levels of TIMP-1 were signi�cantly higher in mildly active
AAV patients with MPA and GPA (median BVAS 5) 6 months after the initiation of remission-induction
therapy than in patients in remission. In contrast, no signi�cant differences were observed in C-reactive
protein (CRP) or myeloperoxidase-ANCA levels between these groups. Regarding maintenance therapy,
elevated levels of TIMP-1 in patients in remission were associated with relapse and/or di�culty reducing
the glucocorticoid dosage after 6 to 12 months. In the MAAV-EU study, serum levels of TIMP-1 were
elevated in relapsed patients 6 months before relapse, earlier than the increase in serum levels of CRP.
Analyses of both studies revealed that approximately 30% of patients in remission with a serum TIMP-1
level ≥150 ng/mL relapsed after 6 to 12 months, while the majority of patients with a TIMP-1 level <150
ng/mL sustained remission for at least 12 months. This result suggests that a serum TIMP-1 level <150
ng/mL re�ects complete remission and ≥150 ng/mL indicates subclinical in�ammation, even with BVAS
0.

Conclusion: We herein demonstrated that TIMP-1 is more useful as a predictive biomarker of sustained
remission than as a predictor of relapse in maintenance therapy for AAV. TIMP-1 levels <150 ng/mL are
important for the long-term maintenance of remission and may be an indicator for the tapering or
cessation of treatment.

Background
Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) comprises three distinct
diseases: granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic
granulomatosis with polyangiitis (EGPA) [1]. AAV are characterized by pauci-immune necrotizing
in�ammation in small to medium-sized vessels, with potentially organ- or life-threatening complications.
Clinical relapse following remission is common in AAV [2]. ANCA and traditional acute-phase indicators,
including C-reactive protein (CRP), are used in clinical practice as biomarkers of disease activity and
predictors of relapse. However, these biomarkers lack the sensitivity and speci�city for monitoring the
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disease activity of AAV [3-7]. Therefore, more useful markers are needed for the better management of
AAV [8]. Several circulating biomarkers for monitoring disease activity or predicting relapse have been
reported in large-cohort studies and systematic literature searches [9-15]; however, none have been
applied to clinical practice. Furthermore, the identi�cation of predictors of sustained remission is
important for treatment planning. 

We previously identi�ed promising biomarkers of disease activity and organ involvement in AAV using a
targeted proteomics approach with serum samples collected in a Japanese nationwide large cohort study
(RemIT-JAV-RPGN) [16, 17]. In a quantitative analysis of 135 biomarker candidates using selected
reaction monitoring mass spectrometry and enzyme-linked immunosorbent assays (ELISA), tissue
inhibitor of metalloproteinase 1 (TIMP-1) was the best-performing marker of disease activity. Serum
levels of TIMP-1 were signi�cantly higher in highly active AAV patients before treatment [median total
Birmingham Vasculitis Activity Score (BVAS) 15] than in remission 6 months after the initiation of
treatment (BVAS 0). The areas under the receiver operating characteristic (ROC) curves (AUC) for
distinguishing highly active AAV from remission and healthy controls were 0.93 and 0.94, respectively.
TIMP-1 levels were also signi�cantly higher after 6 months in patients not in remission and with mild
activity (median BVAS 5) than in patients in remission. In contrast, other markers, such as CRP and
myeloperoxidase (MPO)-ANCA, did not signi�cantly differ between these two groups. Monach et al.
examined 28 markers associated with in�ammation, angiogenesis, tissue damage, and repair in patients
enrolled in the Rituximab in AAV (RAVE) study, and suggested that TIMP-1 distinguished active AAV from
remission more accurately than ESR and CRP [10]. The �ndings of these two large-cohort studies suggest
the potential of TIMP-1 for monitoring disease activity. However, TIMP-1 was only evaluated at two
points, i.e., before and 6 months after the initiation of remission-induction therapy. Therefore, detailed
analysis of TIMP-1 levels during the clinical course of AAV patients is needed to verify whether TIMP-1 is
clinically useful as a predictor of relapse and sustained remission during maintenance therapy.

In the present study, we excluded EGPA from subjects because of its particularities, such as eosinophil
in�ammation and differences in the de�nition of relapse [18, 19], and analyzed patients with MPA and
GPA. We examine the relationship between serum levels of TIMP-1 at 6 months in patients in remission
and clinical outcomes up to 18 months in the Japanese RemIT-JAV-RPGN cohort study. We also
performed a serial analysis of serum TIMP-1 levels in AAV patients receiving maintenance therapy at our
hospital, and investigated whether TIMP-1 is useful as a predictor of relapse and sustained remission

Methods
Patients

In an analysis using follow-up data from the RemIT-JAV-RPGN study, we assessed 69 AAV patients 6
months after treatment initiation [16]. The RemIT-JAV-RPGN study is a multi-center cohort. Among 69
patients, 54 were enrolled in the RemIT-JAV-RPGN study and 15 were patients in our hospital. All patients
were newly diagnosed with AAV and ful�lled the criteria for primary systemic vasculitis proposed by the
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European Medicine Agency (EMEA) algorithm [20], according to which the 69 patients were diagnosed as
follows: 46 with MPA and 23 with GPA. 

            In serial analysis of serum TIMP-1 levels, we assessed 30 AAV patients receiving maintenance
therapy in our hospital who were followed up for more than 12 months (the MAAV-EU study; Maintenance
therapy for AAV in the Ehime University study). These patients were diagnosed as follows: 16 with MPA
and 14 with GPA. All patients had achieved remission when they were enrolled in the present study. The
observation period was between December 2017 and March 2020.

Patients in the RemIT-JAV-RPGN and MAAV-EU studies received remission-induction therapy and
maintenance therapy based on the discretion of the site investigators according to the Japanese Ministry
of Health, Labour, and Welfare (MHLW) Guidelines for the Treatment of AAV. In both studies, patients
younger than 20 years and those with EGPA and/or malignancy were excluded. EGPA was excluded
because of its unique characteristics, such as eosinophil in�ammation, and differences in the de�nition
of relapse and treatment responses from MPA and GPA [18, 19]. Malignancy was excluded because of its
in�uence on the selection of treatment and serum levels of TIMP-1.

Outcome measures

Details of the RemIT-JAV-RPGN study protocol were reported previously [16]. Follow-up data, including
vital status, BVAS, laboratory data, and treatment, were collected at 3, 6, 12, and 18 months of treatment
and at the time of relapse. Disease activity was evaluated according to BVAS version 3 [21]. In the
analysis using the follow-up data of the RemIT-JAV-RPGN study, remission 6 months after the initiation of
treatment was de�ned as BVAS 0 on two occasions at least one month apart according to the EULAR
recommendations [22]. Sustained remission was de�ned as the maintenance of remission from 6 to 18
months after the initiation of treatment. Patients with di�culties reducing the glucocorticoid (GC) dosage
were de�ned as a daily GC dosage of ≥10 mg prednisolone 18 months after treatment. 

In the MAAV-EU study, sustained remission was de�ned as BVAS 0 from the time of enrollment to the end
of the observation period (more than 12 months in remission). Baseline data for patients in sustained
remission were obtained 6 months after enrollment, whereas those for relapsed patients were collected at
the time of relapse. We compared serum levels of TIMP-1 and CRP between both groups 6 months (-6 M),
3 months (-3 M), and 1 month (-1 M) before baseline and at baseline. 

In both studies, relapse was de�ned as the re-occurrence or new onset of clinical signs and symptoms
attributable to active vasculitis.

ELISA

Serum in patients in the RemIT-JAV-RPGN study was analyzed before and 6 months after the initiation of
treatment. In the MAAV-EU study, each biomarker was analyzed using serum samples serially collected
every 1 to 3 months during the observation period. Serum samples were frozen at −80 °C until used.
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Samples were analyzed using commercially available ELISA kits according to the manufacturer’s
instructions. The following ELISA kits were used: CRP, TIMP-1, matrix metalloproteinase 3 (MMP-3), and
C-X-C motif chemokine ligand 13 (CXCL13) (R&D Systems, Minneapolis, MN, USA); MPO-ANCA and
proteinase-3 (PR3)-ANCA (MBL, Nagoya, Japan).

Statistical analysis

We used baseline and follow-up data at 6, 12, and 18 months and at relapse in the RemIT-JAV-RPGN
study. Values were expressed as medians and interquartile ranges (IQR) or as numbers and percentages.
Continuous non-parametric variables were compared using the Mann-Whitney U test between 2 groups
and the Kruskal-Wallis test and Steel-Dwass test among 3 groups, and categorical variables using
Fisher’s direct probability test. The distinction of active AAV from remission in the same patients with AAV
was compared using the Wilcoxon signed-rank test. ROC curves were constructed using a logistic
regression to assess the ability of the biomarker and de�ne the optimal cut-off point. AUC was calculated.
Correlations between paired data were analyzed using Spearman’s rank correlation. The median serum
level of TIMP-1 in healthy controls (n = 52) was 133 ng/mL (IQR 122-150 ng/mL) in our previous study
[17]. Based on healthy control data and the cut-off point for distinguishing between patients who
relapsed and/or had di�culty reducing GC and those in sustained remission without di�culty reducing
GC in the RemIT-JAV-RPGN study, the high TIMP-1 group comprised patients with a serum TIMP-1 level
≥150 ng/mL, whereas the low TIMP-1 group was composed of those with a serum TIMP-1 level <150
ng/mL.

A multivariable analysis was performed using a logistic regression model to adjust for confounding
factors, including age, sex, AAV type, and BVAS before treatment. Relapse-free survival was analyzed
using the Kaplan-Meier method and compared using the Log-rank test. Differences at p < 0.05 were
considered to be signi�cant. Statistical analyses were performed using JMP software, version 15 (SAS
Institute, Cary, NC, USA).

Results
Patient characteristics and relationship between serum TIMP-1 levels and clinical outcomes at 6 months
in the RemIT-JAV-RPGN study

The characteristics of the 69 patients enrolled in the RemIT-JAV-RPGN study and in our hospital at
baseline and 6 months after the initiation of treatment are shown in Table 1. Among these patients, 52
(75%) were in remission at 6 months, whereas 17 (25%) were not and had mildly active AAV (median
BVAS 5 [IQR3-6]). 

As shown in Fig. 1A, serum levels of TIMP-1, CRP, and MPO-ANCA were signi�cantly higher in patients
before treatment than in those in remission at 6 months.  In addition, PR3-ANCA was signi�cantly
higher in patients before treatment than in those in remission at 6 months; however, the number (n=8) of
PR3-ANCA-positive patients was small. Serum levels of TIMP-1 were signi�cantly higher in the 17
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patients not in remission than in the 52 in remission at 6 months (182 [152-197] ng/mL vs 160 [139-179]
ng/mL) (Fig. 1B). After adjustments for potential confounders, such as age, sex, and AAV type, using a
multivariable analysis, an elevated level of TIMP-1 was still signi�cantly associated with no remission
(Odds ratio [OR] 1.015 [95% CI 1.0005-1.029], p = 0.037). To distinguish between these 2 groups, the
TIMP-1 cut-off level for remission at 6 months was 144 ng/mL with a sensitivity of 38% and speci�city of
100%. In contrast, CRP, MPO-ANCA, and PR3-ANCA did not signi�cantly differ between the 2 groups.
These results suggest that TIMP-1 is a superior biomarker to CRP, MPO-ANCA, and PR3-ANCA for
monitoring the disease activities of MPA and GPA.

Relationship between serum TIMP-1 levels and clinical outcomes from 6 to 18 months in the RemIT-JAV-
RPGN study

We assessed the clinical outcomes of maintenance therapy from 6 to 18 months among the 52 patients
in remission; 45 (31 with MPA and 14 with GPA) were followed up for at least 18 months. Of the 7
patients lost to the follow-up by 18 months, 2 died from causes other than vasculitis and 5 had missing
follow-up data or interrupted visits during the observation period. Eight (16%) patients, 6 with MPA and 2
with GPA, relapsed by 18 months: 5 from 6 to 12 months and 3 from 12 to 18 months (Table 2, Fig. 2A).
The median GC dosage at 18 months in all patients in remission was 7.5 (IQR 5-9) mg prednisolone, and
11 patients, including 5 relapsed patients, had di�culty reducing the GC dosage (median 13 [IQR 10-15.5]
mg). The use of immunosuppressants from 6 to 18 months did not signi�cantly differ between patients
with di�culty reducing GC and those in sustained remission without di�culty reducing GC. A signi�cant
difference was observed in TIMP-1 levels at 6 months among the following 3 groups: sustained
remission, di�culty reducing GC, and relapse, by the Kruskal-Wallis test (p = 0.014), but not in CRP. TIMP-
1 levels were signi�cantly higher in the relapse group than in the sustained remission group.

Age, the AAV type, BVAS before treatment, and the use of immunosuppressants from 6 to 18 months were
not signi�cantly different between patients with relapse and/or di�culty reducing GC and those in
sustained remission without di�culty reducing GC. The proportion of males was signi�cantly higher
among patients with relapse and/or di�culty reducing GC than among those in sustained remission
without di�culty reducing GC. Serum levels of TIMP-1 at 6 months were signi�cantly higher in patients
with relapse and/or di�culty reducing GC than in those in sustained remission without di�culty reducing
GC (p = 0.004). The cut-off point for sustained remission without di�culty reducing GC was 148 ng/mL
with a sensitivity of 58%, speci�city of 93%, and AUC of 0.77. In contrast, serum levels of CRP and MPO-
ANCA at 6 months did not signi�cantly differ between both groups. In a multivariate analysis of variables
including sex and the presence of elevated TIMP-1 levels at 6 months (TIMP-1 ≥150 ng/mL or <150
ng/mL), elevated TIMP-1 levels at 6 months were signi�cantly associated with patients with relapse
and/or with di�culty reducing GC from 6 to 18 months (OR 14.1 [95% CI 1.6-125.5], p = 0.003) (Table 3).

We compared clinical outcomes from 6 to 18 months between the high (≥150 ng/mL 6 months after
treatment) and low (<150 ng/mL) TIMP-1 groups (Fig. 2B). Among 45 patients, 26 and 19 were divided
into the high and low TIMP-1 groups, respectively. There were 8 (31%) patients with relapse, 5 (19%) with
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di�culty reducing GC, and 13 (50%) in remission without di�culty reducing GC in the high TIMP-1 group.
On the other hand, all patients in the low TIMP-1 group (95%), except for one with di�culty reducing GC,
sustained remission. Relapse-free survival was signi�cantly higher in the low TIMP-1 group than in the
high TIMP-1 group (Fig. 2C). These �ndings suggest that patients with TIMP-1 levels <150 ng/mL on
maintenance therapy had more strongly suppressed disease activity and may be in remission for 12
months.

Serial analysis of serum TIMP-1 levels and clinical outcomes in the MAAV-EU study

To con�rm the results obtained, a more detailed serial analysis of TIMP-1 levels and clinical outcomes
was performed in AAV patients receiving maintenance therapy in our hospital using serum samples and
clinical data collected every 1 to 3 months (MAAV-EU study). The characteristics of 30 AAV patients in the
MAAV-EU study were shown in Table 4. The median disease duration of all patients was 2.3 (IQR 1.5-8.5)
years. Five out of the 30 patients (17%), 2 with MPA and 3 with GPA, relapsed, while 25 (83%) sustained
remission during the observation period (more than 12 months) (Fig. 3A). Of the 5 relapsed patients, 3
had �rst relapse and the other 2 had second relapse. Characteristics, such as age, sex, and disease
duration, did not signi�cantly differ between relapsed patients and patients with sustained remission.
Furthermore, no signi�cant differences were observed in the GC dosage at 6 months before baseline and
the combination rate of immunosuppressants, whereas GC dosages at baseline and 3 months before
baseline were signi�cantly higher in relapsed patients. As shown in Fig. 3B, serum levels of TIMP-1 and
CRP at baseline and 3 months before baseline were signi�cantly higher in relapsed patients, whereas only
TIMP-1 levels 6 months before baseline were signi�cantly higher in relapsed patients. The median serum
TIMP-1 level in relapsed patients 6 months before relapse was 205 (191-205) ng/mL. This result
indicates that TIMP-1 levels predict the possibility of relapse earlier than CRP during maintenance
therapy.

We compared clinical outcomes between the high (≥150 ng/mL 6 months before baseline) and low
(<150 ng/mL) TIMP-1 groups in the MAAV-EU study. Thirty patients were equally divided into the high and
low TIMP-1 groups. As shown in Fig. 3C, 5 (33%) patients in the high TIMP-1 group relapsed after 6
months. In contrast, all patients in the low TIMP-1 group sustained remission during the observation
period. 

Among the 20 MPO-ANCA-positive patients at onset in the MAAV-EU study, 15 showed the negative
conversion of MPO-ANCA before enrollment, whereas 5 did not. Of the 15 patients with the negative
conversion of MPO-ANCA, 4 and 1 showed the reappearance of MPO-ANCA at enrollment and 1 month
after enrollment, respectively, while the remaining 10 remained MPO-ANCA negative. One (25%) out of the
4 patients with relapse and 4 (36%) out of the 11 without relapse showed the reappearance of MPO-
ANCA. The reappearance rate of MPO-ANCA did not signi�cantly differ between the two groups. All 5
patients without negative conversion did not relapse. Among the 8 PR3-ANCA-positive patients at onset, 5
showed the negative conversion of PR3-ANCA at enrollment and 3 did not. All 5 patients with the negative
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conversion of PR3-ANCA remained negative for PR3-ANCA and maintained remission. One out of the 3
patients without the negative conversion of PR3-ANCA relapsed.

Analyses of the RemIT-JAV-RPGN and MAAV-EU studies revealed that approximately 30% of patients in
remission with a serum TIMP-1 level ≥150 ng/mL relapsed after 6 to 12 months, while the majority of
patients with a TIMP-1 level <150 ng/mL sustained remission for at least 12 months. Therefore, a serum
TIMP-1 level <150 ng/mL re�ects complete remission, while that of ≥150 ng/mL indicates subclinical
in�ammation, even with BVAS 0, during maintenance therapy in AAV.

Serum levels of MMP-3 and CXCL13 in the RemIT-JAV-RPGN and MAAV-EU studies

In addition to TIMP-1, MMP-3 and CXCL13 have been identi�ed as useful biomarkers that discriminate
active AAV from remission [10]. We examined the serum levels of MMP-3 and CXCL13 in both studies.

In the RemIT-JAV-RPGN study, the serum levels of MMP-3 and CXCL13 were signi�cantly higher in
patients before treatment than in healthy controls (MMP-3: 29.6 [16.7-46.3] ng/mL vs 16.5 [11.0-24.6]
ng/mL, p < 0.001; CXCL13: 189.4 [113.6-242.4] pg/mL vs 67.6 [48.8-94.6] pg/mL, p < 0.001). As shown in
Fig. 4A, the serum levels of MMP-3 were signi�cantly higher in patients in remission at 6 months than in
those before treatment. Serum levels of CXCL13 did not signi�cantly differ between the groups of
patients before treatment and in remission at 6 months, and increased in 27 (52%) out of 52 patients in
remission at 6 months. MMP-3 and CXCL13 levels did not signi�cantly differ between patients in
remission and those not in remission at 6 months (Fig. 4B). Serum levels of MMP-3 in 52 patients in
remission at 6 months correlated with the GC dosage at 6 months (r = 0.51, p < 0.001), whereas those of
CXCL13 did not. A signi�cant difference was observed in MMP-3 levels at 6 months among the following
3 groups: sustained remission, di�culty reducing GC, and relapse, by the Kruskal-Wallis test (p = 0.003),
but not in CXCL13. MMP-3 levels were signi�cantly higher in the di�culty reducing GC group than in the
other 2 groups (See Supplementary Figure 1, Additional File 1). 

In the MAAV-EU study, serum levels of MMP-3 and CXCL13 at baseline and 3 and 6 months before
baseline did not signi�cantly differ between relapsed patients and patients with sustained remission (See
Supplementary Figure 2, Additional File 1).

Discussion
In the present study, we demonstrated the usefulness of serum TIMP-1 levels as a predictive biomarker of
relapse and sustained remission in AAV patients with MPA and GPA during maintenance therapy. The
main results obtained were as follows: 1) TIMP-1 was a more useful marker of disease activity than CRP
and MPO-ANCA, distinguishing mildly or highly active AAV from remission 6 months after the initiation of
treatment; 2) elevated TIMP-1 levels in patients in remission were associated with relapse and/or
di�culty reducing the GC dosage; 3) approximately 30% of patients in remission with a serum TIMP-1
level of ≥150 ng/mL relapsed after 6 to 12 months, whereas the majority of patients with a TIMP-1 level
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<150 ng/mL sustained remission for at least 12 months; and 4) a serum TIMP-1 level <150 ng/mL
re�ects complete remission, while ≥150 ng/mL indicates subclinical in�ammation.

Relapse is common in AAV and requires repeated remission-induction therapy [2]. Although the de�nition
of clinical remission may appear to be straightforward, many patients in remission still exhibit persistent
in�ammatory and immunological activities. BVAS is a common clinical indicator for evaluating disease
activity in AAV, and remission is de�ned as a BVAS score of 0 [21]. However, di�culties are associated
with evaluating disease activity using BVAS. For example, if patients with persistent in�ammation do not
exhibit any overt clinical signs, BVAS will be 0. Persistent lung nodules and elevated creatinine levels are
not included in scoring from the second evaluation, and other clinical signs that persist for more than 3
months are regarded as damage and often not included in the score. These issues suggest that true
remission may not be achieved in many patients with BVAS 0 and persistent in�ammation may increase
the risk of subsequent relapse. Therefore, more sensitive biomarkers are needed to establish whether
disease activity is truly suppressed or completely abrogated instead of relying on the clinical de�nition of
remission.

ANCA is often used to evaluate disease activity; however, its utility for predicting relapse is limited [2, 7,
23-27]. Large cohorts identi�ed PR3-ANCA, but not MPO-ANCA, as an independent risk factor for relapse
[23-26]. In the serial analysis of PR3-ANCA in the RAVE study, an elevated PR3-ANCA titer was a poor
predictor of subsequent relapse within the overall population, but was predictive of relapse in patients
with renal disease or alveolar hemorrhage [26]. In two prospective Japanese cohorts, the reappearance of
MPO-ANCA was signi�cantly associated with relapse, and was particularly useful for predicting relapse in
patients with renal involvement [27]. However, among 25 relapsed patients after negative conversion of
MPO-ANCA, 6 (24%) patients did not experience reappearance of MPO-ANCA. On the other hand, among
76 patients without negative conversion of MPO-ANCA, 60 patients (79%) maintained remission. Based
on these �ndings, ANCA shows limited utility for predicting relapse and is rarely used as a predictor of
sustained remission. In the MAAV-EU study, the rate of reappearance after the negative conversion of
MPO-ANCA did not signi�cantly differ between the groups of patients in relapse and not in relapse.
Watanabe et al. examined new-onset patients who were in remission 6 months after induction therapy,
and reported that 84% of patients with relapse had renal involvement [27]. On the other hand, in the
MAAV-EU study that analyzed patients receiving maintenance therapy with a median disease duration of
2.3 years, only 1 out of 5 patients with relapse had renal involvement. These discrepancies in the results
obtained may be attributed to differences in the subject groups.

Previous studies investigated predictive markers of relapse other than ANCA. In the RAVE study, an
increase in serum calprotectin levels by 2 or 6 months was predictive of relapse by 18 months in PR3-
ANCA-positive AAV patients treated with rituximab. However, this marker was not useful in patients
treated with oral cyclophosphamide [14]. The CD8 T-cell transcription signature was associated with
subsequent relapse in AAV or systemic lupus erythematosus, but requires further prospective validation
[28].
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In the two large cohort studies, the Japanese RemIT-JAV-RPGN study (our previous study) [17] and RAVE
study [10], TIMP-1 levels were a useful biomarker for distinguishing mildly or highly active AAV from
remission regardless of differences in the population, such as AAV type, ANCA type, and treatment. In our
previous study, TIMP-1 correlated with the total BVAS score before treatment, and was less likely to be
elevated in bacterial infections than CRP. In contrast, CRP, ESR, and MPO-ANCA were unable to distinguish
patients with mildly active AAV from those in remission. These �ndings suggest that TIMP-1 is a superior
biomarker to CRP, ESR, and MPO-ANCA for monitoring the disease activity of AAV. However, in both
studies, TIMP-1 was only evaluated at two points, before and 6 months after the initiation of remission-
induction therapy. 

In the present study, we examined whether TIMP-1 levels are clinically useful as a predictor of relapse and
sustained remission during maintenance therapy. Based on the results of an 18-month follow-up in the
RemIT-JAV-RPGN cohort study, elevated TIMP-1 levels at 6 months were associated with relapse and/or
di�culty reducing GC from 6 to 18 months. In the MAAV-EU study, TIMP-1 levels were signi�cantly higher
in relapsed patients 6 months before relapse than in sustained remission patients. Based on these
�ndings, many patients with relapse have elevated TIMP-1 levels 6 months before relapse. However,
elevated TIMP-1 levels were observed in some patients in sustained remission. 

Since the cut-off point for sustained remission without di�culty reducing GC was 148 ng/mL, patients in
remission were divided into two groups of TIMP-1 levels, ≥150 ng/mL and <150 ng/mL, and their
relationship with clinical outcomes was examined. In the analysis of both studies, approximately 30% of
patients in remission with a TIMP-1 level ≥150 ng/mL relapsed after 6 to 12 months. More importantly,
the majority of patients with a TIMP-1 level <150 ng/mL remained in remission for at least 12 months.
Therefore, a serum TIMP-1 level <150 ng/mL re�ects complete remission, whereas ≥150 ng/mL indicates
subclinical in�ammation. Moreover, TIMP-1 levels are more useful as a predictor of sustained remission
than of relapse. During maintenance therapy, TIMP-1 levels <150 ng/mL are an important indicator of the
long-term maintenance of remission. Thus, in patients with AAV, the maintenance of a TIMP-1 level <150
ng/mL may allow for the tapering or cessation of treatment.

TIMP-1 is expressed by various cell types in most human tissues. It is an endogenous inhibitor of matrix
metalloproteinases (MMPs) and its production increases in response to an increase in MMPs. In addition,
TIMP-1 has MMP-independent roles as a cytokine. It is a well-known regulator of extracellular matrix
turnover, tissue remodeling, in�ammation, cell growth, apoptosis, and cellular behavior in tissue [29-31].
Therefore, TIMP-1 levels may more accurately re�ect the condition of in�ammatory sites than CRP;
however, the underlying mechanisms have not yet been elucidated. The normalization of TIMP-1 levels
may indicate that vascular in�ammation has completely subsided. On the other hand, serum levels of
TIMP1 were previously reported to be elevated in patients with various cancers, myocardial infarction,
ischemic stroke, and sepsis [29-36]. Therefore, it is important to note that TIMP-1 may not serve as a
predictor of sustained remission in AAV patients with these disorders. 



Page 12/27

Monach et al. suggested that TIMP-1, MMP-3, and CXCL13 distinguished active AAV from remission more
accurately than ESR and CRP in patients enrolled in the RAVE study [10]. Similar to the analysis in the
RAVE study, serum levels of MMP-3 and CXCL13 in the present study were signi�cantly higher in new-
onset active AAV patients before treatment than in healthy controls. However, MMP-3 and CXCL13 were
not useful for distinguishing between active AAV and remission 6 months after the initiation of treatment
or for evaluating disease activity in patients receiving maintenance therapy. This is because
glucocorticoids increase the serum levels of MMP-3 and CXCL13 regardless of disease activity in AAV
patients. Although the underlying mechanisms remain unclear, previous studies reported that
glucocorticoids increased serum MMP-3 levels [37-39], and also that glucocorticoids were associated
with elevated CXCL13 levels in multiple diseases, including vasculitis [40]. In AAV patients in the RAVE
study, 85% of those in remission discontinued prednisolone. Therefore, serum MMP-3 and CXCL13 levels
were affected less by glucocorticoids and re�ected disease activity. In contrast, neither marker accurately
re�ected disease activity in the present study because all patients, except for one at 6 months, in the
RemIT-JAV-RPGN study and all patients in the MAAV-EU study received glucocorticoids. The present study
also suggested that both disease activity and glucocorticoids increased MMP-3 and CXCL13 levels,
which may limit their clinical usefulness as activity markers.

The present study has several limitations. The sample size was small in both studies. We validated the
results obtained across two different cohorts of AAV, which is a rare disease; however, validation in a
larger cohort is needed in the future. Furthermore, in the analysis of clinical outcomes in the Remit-JAV-
RPGN study, 7 patients were lost to the follow-up by 18 months due to death, were missing follow-up
data, or had interrupted visits during the observation period. Moreover, since the number of PR3-ANCA-
positive patients was small in both studies, comparative analysis with PR3-ANCA could not be performed
su�ciently. The small number is because MPA is the predominant type among patients with AAV in
Japan and more than 80% of Japanese AAV patients are positive for pANCA/MPO-ANCA [16, 41, 42].
Since these limitations are often di�cult to avoid in clinical research involving rare diseases, such as AAV,
we expect TIMP-1 to become a predictor of sustained remission during maintenance therapy and
contribute to treatment strategies for AAV.

Conclusions
We assessed the usefulness of serum TIMP-1 levels as a predictive biomarker of relapse and sustained
remission in AAV patients during maintenance therapy. Analyses of the RemIT-JAV-RPGN and MAAV-EU
studies revealed that serum TIMP-1 levels in relapsed patients were elevated 6 months before relapse,
earlier than the increase in serum levels of CRP. More importantly, the majority of patients with a TIMP-1
level <150 ng/mL maintained remission for at least 12 months, indicating complete remission. Therefore,
TIMP-1 levels are more useful as a predictive biomarker of sustained remission than as a predictor of
relapse in maintenance therapy for AAV. TIMP-1 levels <150 ng/mL are an important indicator of the long-
term maintenance of remission and treatment strategies.
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Tables
Table 1  Clinical characteristics of 69 patients at baseline and 6 months after the initiation
of treatment in the RemIT-JAV-RPGN study



Page 18/27

  All patients (n =
69)

Remission (n =
52)

Not in remission (n =
17)

Male/female, n/n 27/42 22/30 5/12

Age, years 69 (61-77) 69 (61-77) 67 (61-73)

GPA/MPA, n/n 23/46 16/36 7/10

MPO-ANCA-positive 59 (86%) 45 (87%) 14 (82%)

PR3-ANCA-positive 12 (17%) 8 (15%) 4 (24%)

ANCA-negative 2 (3%) 2 (4%) 0 (0%)

Disease activity and organ involvement      

  BVAS score 15 (12-22) 15 (12-22) 19 (12-22)

  BVAS chest-positive 28 (41%) 20 (38%) 8 (47%)

  BVAS renal-positive 53 (77%) 40 (77%) 13 (76%)

Induction therapy, 0-6 months      

  Glucocorticoids, mg/day 45 (30-50) 43 (30-50) 45 (40-50)

  Glucocorticoid pulse 28 (41%) 18 (35%) 10 (59%)

     Cyclophosphamide 38 (55%) 27 (52%) 11 (65%)

MPO-ANCA negative conversion at 6
monthsa

39 (70%) 29 (69%) 10 (71%)

PR3-ANCA negative conversion at 6
monthsb

7 (58%) 4 (50%) 3 (75%)

Values are medians (IQR) or n (%). 
Four patients had double (MPO and PR3) positive ANCA.
aThe rate of MPO-ANCA negative conversion was only calculated for MPO-ANCA-positive
patients whose MPO-ANCA levels were measured at 6 months (all patients, n = 56;
remission, n = 42; not in remission, n = 14).
bThe rate of PR3-ANCA negative conversion was only calculated for PR3-ANCA-positive
patients whose PR3-ANCA levels were measured at 6 months (all patients, n = 12;
remission, n = 8; not in remission, n = 4).
GPA, Granulomatosis with polyangiitis; MPA, Microscopic polyangiitis; MPO,
Myeloperoxidase; PR3, Proteinase-3; ANCA, Antineutrophil cytoplasmic antibody; BVAS,
Birmingham Vasculitis Activity Score version 3

 Table 2  Clinical outcomes in patients receiving maintenance therapy in the RemIT-JAV-
RPGN study
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  Relapse and/or
difficulty reducing GC (n =

14)

Sustained remission
without 

difficulty reducing GC (n =
31)

 
p Valued

Male/female, n/n 9/5 9/22 0.047
Age, years 68 (61-72) 68 (61-77) 0.60
GPA/MPA, n/n 3/11 11/20 0.49
MPO-ANCA-positive before treatment 13 (93%) 25 (81%) 0.41
PR3-ANCA-positive before treatment 1 (7%) 7 (23%) 0.4
BVAS score before treatment 18 (11-25) 15 (12-18) 0.31
Glucocorticoids, mg/day      
  at 6 months 15 (11-18) 13 (10-17) 0.19
  at 12 months 12 (10-14) 7 (5-10) < 0.001
  at 18 months 11 (10-15) 5 (5-8) < 0.001
Immunosuppressants 7 (50%) 18 (58%) 0.75
  AZA/MTX/others, n 4/1/2 13/0/10  
CRP at 6 months, mg/dL 0.09 (0.006-0.43) 0.05 (0.01-0.17) 0.96
MPO-ANCA at 6 months, U/mLa 1.3 (1-2) 1 (0.4-2.6) 0.42
MPO-ANCA negative conversion at 6
monthsb

10 (83%) 14 (61%) 0.48

TIMP-1 at 6 months, ng/mL 176 (159-216) 144 (135-168) 0.004
High TIMP-1 at 6 monthsc 13 (93%) 13 (42%) 0.003

Values are medians (IQR) or n (%).
aOnly MPO-ANCA-positive patients whose MPO-ANCA levels were measured at 6 months
(relapse and/or difficulty reducing GC, n = 13; sustained remission without difficulty
reducing GC, n = 25)
bThe rate of MPO-ANCA negative conversion was only calculated for MPO-ANCA-positive
patients whose MPO-ANCA levels were measured at 6 months (relapse and/or difficulty
reducing GC, n = 12; sustained remission without difficulty reducing GC, n = 23)
c Serum TIMP-1 levels at 6 months ≥150 ng/mL
 
Table 3  Logistic regression analysis of patients with relapse and/or difficulty reducing
glucocorticoids from 6 to 18 months

Variable Unit Adjusted OR (95% CI) p Valuea

Sex male 2.7 (0.6-12.1) 0.18

High TIMP-1 at 6 months  ≥150 ng/mL 14.1 (1.6-125.5) 0.003

ap < 0.05 was considered to be significant.
OR, Odds ratio; CI, Confidence intervals; TIMP-1, Tissue inhibitor of metalloproteinase 1

 Table 4  Comparison of patients with relapse and sustained remission in the MAAV-EU
study
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Relapse (n = 5) Sustained remission (n = 25) p Valueb

emale, n/n 2/3 10/15 1.0

ars 68 (65-71) 66 (61-72) 0.40

e duration, year 1.9 (1.1-2.1) 3.5 (1.5-11.7) 0.062

s history of relapse 2 (40%) 7 (28%) 0.62

PA, n/n 3/2 11/14 0.64

NCA-positive at onset 4 (80%) 16 (64%) 0.64

NCA-positive at onset 1 (20%) 7 (28%) 1.0

NCA negative conversion at enrollmenta 3 (75%) 8 (53%) 0.60

orticoids at -6 months, mg/day 10 (9-10) 5 (5-10) 0.36

orticoids at -3 months, mg/day 9 (9-10) 5 (5-8) 0.035

orticoids at baseline, mg/day 9 (8-10) 5 (5-6) 0.019

osuppressants 3 (60%) 18 (72%) 0.62

Values are medians (IQR) or n (%).
aThe rate of MPO-ANCA negative conversion was only calculated for MPO-ANCA-positive
patients whose MPO-ANCA levels were measured at enrollment (relapse, n = 4; sustained
remission, n = 15)
bp < 0.05 was considered to be significant.
MAAV-EU study, Maintenance therapy for antineutrophil cytoplasmic antibody-associated
vasculitis in the Ehime University study; GPA, Granulomatosis with polyangiitis; MPA,
Microscopic polyangiitis; MPO, Myeloperoxidase; PR3, Proteinase-3; ANCA, Antineutrophil
cytoplasmic antibody
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Ogawa); Division of Kidney and Hypertension, Department of Internal Medicine, Jikei University School of
Medicine (Tatsuo Hosoya); Division of Nephrology, Department of Laboratory Medicine, Institute of
Medical, Pharmaceutical and Health Sciences, Faculty of Medicine, Kanazawa University (Takashi Wada);
Division of Nephrology, Department of Internal Medicine, Juntendo University Faculty of Medicine
(Satoshi Horikoshi); Institute of Rheumatology, Tokyo Women’s Medical University (Yasushi Kawaguchi);
Division of Clinical Immunology, Graduate School of Comprehensive Human Sciences, University of
Tsukuba (Taichi Hayashi); Department of Nephrology, Tokyo Medical University Hachioji Medical Center
(Masaharu Yoshida); Department of Nephrology, Hypertension, Diabetology, Endcrinology and Metabolic,
Fukushima Medical University (Tsuyoshi Watanabe); Department of Nephrology, Japanese Red Cross
Nagoya Daini Hospital (Daijo Inaguma); Department of Integrated Therapy for Chronic Kidney Disease,
Kyushu University (Kazuhiko Tsuruya); Niigata Prefectural Shibata Hospital (Noriyuki Homma); Division
of Rheumatology, Department of Internal Medicine, Keio University School of Medicine (Tsutomu
Takeuchi); Cardiovascular Respiratory and Neurology Division, Department of Internal Medicine,
Asahikawa Medical University (Naoki Nakagawa); Kurobe City Hospital (Shinichi Takeda); Fukuoka
Higashi Medical Center (Ritsuko Katabuchi); Division of Nephrology, Department of  Medicine, Faculty of
Medical Sciences, University of Fukui (Masayuki Iwano); Division of Rheumatology, Endocrinology and
Nephrology at the Graduate School of Medicine, Hokkaido University (Tatsuya Atsumi); Department of
Hemovascular Medicine and Arti�cial Organs, Faculty of Medicine, Miyazaki University (Shoichi
Fujimoto); Division of Rheumatology and Nephrology, Department of Internal Medicine, Aichi Medical
School of Medicine (Shogo Banno); Department of Lifetime Clinical Immunology, Graduate School of
Medical and Dental Sciences , Tokyo Medical and Dental University (Takahiko Sugihara); Department of
Nephrology, Tokyo Medical University Ibaraki Medical Center (Masaki Kobayashi); Department of
Nephrology, Faculty of Medicine, University of Tsukuba (Kunihiro Yamagata); Department of Respiratory
Medicine, Toho University Omori Medical Center (Sakae Homma); Division of Endocrinology and
Metabolism, Hematology, Rheumatology and Respiratory Medicine, Department of Internal Medicine,
Faculty of Medicine, Kagawa University (Hiroaki Dobashi); Department of Nephrology, Nagoya University
Hospital (Naotake Tsuboi); Faculty of Health Sciences, Hokkaido University (Akihiro Ishizu); Department
of Chronic Kidney Disease and Peritoneal Dialysis, Okayama University Graduate School of Medicine
(Hitoshi Sugiyama).
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Figure 1

Marker levels in AAV patients before and 6 months after the initiation of treatment (A) Comparison of
marker levels between highly active AAV before treatment and remission 6 months after treatment. The
titers of markers were measured in paired serum samples (before and 6 months after the initiation of
treatment) from 52 patients with AAV [36 microscopic polyangiitis (MPA) and 16 granulomatosis with
polyangiitis (GPA)]. Each line connects data obtained on one patient. MPO-ANCA refers to only MPO-
ANCA-positive patients (n = 45). PR3-ANCA refers to only PR3-ANCA-positive patients (n = 8). (B)
Comparison of marker levels between patients in remission (n = 52) and those not in remission (n = 17) 6
months after the initiation of treatment. The 17 patients not in remission (10 MPA and 7 GPA) had mildly
active AAV (median BVAS 5, range 3–6). MPO-ANCA only refers to MPO-ANCA-positive patients
(remission, n = 45; not in remission, n = 14). PR3-ANCA only refers to PR3-ANCA-positive patients
(remission, n = 8; not in remission, n = 4). Each dot represents one patient. Box plots show the median
and IQR. Whiskers indicate the most extreme points within 1.5-fold of the IQR of the box. *p < 0.05. **p <
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0.01. ***p < 0.001. AAV, Antineutrophil cytoplasmic antibody-associated vasculitis; TIMP-1, Tissue
inhibitor of metalloproteinase 1; CRP, C-reactive protein; MPO-ANCA, Myeloperoxidase-antineutrophil
cytoplasmic antibody; PR3-ANCA, Proteinase-3- antineutrophil cytoplasmic antibody.

Figure 2

Relationship between serum TIMP-1 levels and clinical outcomes from 6 to 18 months in the RemIT-JAV-
RPGN study (A) Relationship between serum TIMP-1 and CRP levels at 6 months and clinical outcomes
from 6 to 18 months in 45 patients in remission 6 months after treatment (31 microscopic polyangiitis
and 14 granulomatosis with polyangiitis). Di�culty reducing GC refers to patient receiving a daily GC
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dosage of ≥10 mg prednisolone 18 months after treatment. Each dot represents one patient. The light
blue background indicates a low TIMP-1 level (<150 ng/mL). Box plots show the median and IQR.
Whiskers indicate the most extreme points within 1.5-fold of the IQR of the box. *p < 0.05. n.s. Not
signi�cant. (B) Comparison of clinical outcomes from 6 to 18 months in the low TIMP-1 group (<150
ng/mL, n = 19) and high TIMP-1 group (≥150 ng/mL, n = 26). (C) Kaplan-Meier curves for the probability
of remaining relapse-free in the low TIMP-1 group (<150 ng/mL, n = 22) and high TIMP-1 group (≥150
ng/mL, n =30). The tick mark indicates each censored case. Signi�cance was measured using the Log-
rank test. TIMP-1, Tissue inhibitor of metalloproteinase 1; CRP, C-reactive protein; GC, Glucocorticoid.

Figure 3

Relationship between serum TIMP-1 levels and clinical outcomes in the MAAV-EU study (A) Serial
analysis of serum TIMP-1 and CRP levels in 30 patients [16 microscopic polyangiitis (MPA) and 14
granulomatosis with polyangiitis (GPA)] with AAV receiving maintenance therapy. All patients achieved
remission at the time of enrollment. Color lines present relapsed patients (n = 5) and grey lines patients in
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sustained remission (n =25). Baseline refers to 6 months after enrollment in patients in sustained
remission and at the time of relapse in relapsed patients. The light blue background indicates a low
TIMP-1 level (<150 ng/mL). (B) Comparison of serum TIMP-1 and CRP levels between sustained
remission patients (n = 25) and relapsed patients (n = 5) in both groups 6 and 3 months before baseline
and at baseline. Each dot represents one patient. Box plots show the median and IQR. Whiskers indicate
the most extreme points within 1.5-fold of the IQR of the box. (C) Comparison of clinical outcomes in the
low TIMP-1 group (<150 ng/mL 6 months before baseline, n = 15) and high TIMP-1 group (≥150 ng/mL,
n = 15). **p < 0.01. ***p < 0.001. TIMP-1, Tissue inhibitor of metalloproteinase 1; CRP, C-reactive protein;
-6M, -6 months; -3M, -3 months; -1M, -1 month; Rem, Sustained remission.
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Figure 4

Serum levels of MMP-3 and CXCL13 in AAV patients before and 6 months after the initiation of treatment
(A) Comparison of MMP-3 and CXCL13 levels between highly active AAV before treatment and remission
6 months after treatment. The titers of markers were measured in paired serum samples (before and 6
months after the initiation of treatment) from 52 patients with AAV [36 microscopic polyangiitis (MPA)
and 16 granulomatosis with polyangiitis (GPA)]. Each line connects data obtained on one patient. (B)
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Comparison of MMP-3 and CXCL13 levels between patients in remission (n = 52) and those not in
remission (n = 17) 6 months after the initiation of treatment. The 17 patients not in remission (10 MPA
and 7 GPA) had mildly active AAV (median BVAS 5, range 3–6). Each dot represents one patient. Box
plots show the median and IQR. Whiskers indicate the most extreme points within 1.5-fold of the IQR of
the box. ***p < 0.001. n.s. Not signi�cant. AAV, Antineutrophil cytoplasmic antibody-associated vasculitis.
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