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Abstract

BACKGROUND: Presence of interstitial lung disease (ILD) is believed to be associated with
mortality in microscopic polyangiitis (MPA); however, evidence on MPA-ILD remains
lacking. Acute exacerbation (AE) refers to rapidly progressive, fatal respiratory deterioration
that may develop in patients with various ILDs. No study has investigated the clinical
significance of AE in MPA-ILD.

QUESTION: We aimed to determine the clinical picture and prognostic factors, the incidence
of AE and its risk factors in patients with MPA-ILD.

STUDY DESIGN AND METHODS: Eighty-four consecutive patients with MPA-ILD and
95 patients with MPA-non-ILD were analyzed. We also compared 80 patients with MPA-ILD
and 80 patients with idiopathic interstitial pneumonia without
myeloperoxidase-anti-neutrophil cytoplasmic antibody-positivity (ILD-alone), who were
matched for age, sex, and chest high-resolution computed tomography pattern.

RESULTS: The MPA-ILD group had a higher frequency of men and smokers and was
associated with higher mortality than the MPA-non-ILD group. The matched MPA-ILD
group had a higher mortality rate than the matched ILD-alone group. There was no significant
difference in AE incidence between the matched MPA-ILD and ILD-alone groups (1-year AE
cumulative incidence rate: 7.5% and 5.2%, respectively, P = 0.75). In the MPA-ILD group, a
lower percent-predicted forced vital capacity (%FVC) was independently associated with a
higher mortality rate (hazard ratio [HR]: 0.96 per 1% increase, P < 0.01) and a higher AE
incidence rate (HR: 0.96 per 1% increase, P = 0.01). On multivariable Cox regression
analysis with time-dependent covariates, developing AE during their clinical course was
strongly associated with shorter survival (HR: 17.1, P <0.001).

INTERPRETATION: MPA-ILD represented a distinct phenotype with poor prognosis.

Lower %FVC was an independent prognostic factor. Patients with lower %FVC had a risk of
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78  developing AE, which was a strong prognostic determinant. The specific management for

79  MPA-ILD and AE should be established.
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Microscopic polyangiitis (MPA) is a systemic, pauci-immune, necrotizing vasculitis that
primarily affects small vessels, which is associated with antineutrophil cytoplasmic
antibodies (ANCAs) 2. MPA belongs to rare disease entities of ANCA-associated
vasculitides (AAVS), including granulomatosis with polyangiitis (GPA) and eosinophilic GPA
(EGPA) . Most of the patients with MPA are seropositive for ANCA reacting with
myeloperoxidase (MPO-ANCA), and only a few of the patients react with proteinase 3
(PR3-ANCA). Reportedly, MPO-ANCA-positive AAV and PR3-ANCA-positive AAV are
distinct autoimmune syndromes with different genetic backgrounds &7, and MPO-ANCA,
rather than PR3-ANCA, plays a role in the pathogenesis of MPA 8. Patients with MPA can
present various organ involvements, including the kidneys, lungs, skin, and nerves °.
Interstitial lung disease (ILD) is detected in 10%-60% of patients with MPA, which is
associated with mortality when present 114, However, current evidence on MPA-ILD was
largely based on small cohort studies/case series and studies analyzing MPA, GPA, and EGPA
together as a group of AAV. Therefore, the clinical picture of the phenotype of “MPA-ILD” is
yet to be fully elucidated.

Acute exacerbation (AE) is a rapidly progressive, fatal respiratory deterioration that
develops unpredictably during the clinical course of IPF 156, AE also occurs in patients with
various ILDs other than IPF, including connective tissue disease-associated ILDs
(CTD-ILDs) 1°. However, the evidence on AE in ILDs other than IPF is still lacking. The
precise AE incidence rate, its predictive factors, and its impact on prognosis in patients with
MPA-ILD remain unknown. Here, this multicenter, retrospective cohort study was conducted
to determine the clinical significance of ILD and its AE in patients with

MPO-ANCA-positive MPA.

Methods
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Patients and diagnostic criteria:
We retrospectively screened 513 consecutive patients who had had MPO-ANCA
seropositivity between 2007 and 2019 at the Hamamatsu University, Seirei Mikatahara
General, or Seirei Hamamatsu General Hospitals (Figure 1A). Of them, 218 patients were
classified as MPA based on the European Medicines Agency algorithm and the Chapel Hill
Consensus Conference criteria, with a consensus among rheumatologists, pathologists, and
attending physicians 122°, Therefore, patients with isolated MPO-ANCA positivity and ILD
were not included in this study 2?2, Patients with no available high-resolution computed
tomography (HRCT) data at the time of MPA diagnosis; initial presentation of AE or diffuse
alveolar hemorrhage (DAH); the presence of advanced malignancy at baseline; a CTD at
baseline; insufficient baseline data (e.g., percent-predicted forced vital capacity [%FVC]);
and MPO-ANCA and PR3-ANCA double-positive MPA were excluded. Subsequently, we
classified patients into those with ILD and those without, based on the assessment of chest
HRCT at the time of MPA diagnosis. Consequently, 84 patients with ILD (MPA-ILD group)
and 95 without ILD (MPA-non-ILD group) were enrolled and compared. In addition, we
reviewed 253 patients with idiopathic interstitial pneumonia diagnosed between 2007 and
2019 at the Hamamatsu University hospital, without the development of MPA or connective
tissue disease, and who were negative for MPO-ANCA (ILD-alone) (Figure 1B). We then
selected and compared 80 patients with MPA-ILD and 80 patients with ILD-alone who were
propensity score-matched for age, sex, and high-resolution computed tomography pattern
[usual interstitial pneumonia (UIP) or other than UIP (non-UIP)] (e-appendix 1).

DAH was diagnosed based on the following criteria: 1) diffuse ground-glass opacity
and/or consolidation on HRCT without alternative explanation and 2) hemoptysis,
bronchoscopic evidence of overt hemorrhage, or bloody returns from the bronchoalveolar

lavage (BAL) fluid 142324, AE of MPA-1LD was defined based on the 2016 International
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Working Group report for AE-IPF, with slight modifications °, as events meeting all the
following criteria: 1) previous or concurrent diagnosis of MPA-ILD; 2) acute worsening or
development of dyspnea typically within a 1-month duration; 3) HRCT with new bilateral
ground-glass opacity and/or consolidation superimposed on a background reticular
opacities/honeycombing; 4) deterioration not fully explained by cardiac failure or fluid
overload; and 5) ruling out DAH by BAL.

Serum MPO-ANCA levels at the time of MPA diagnosis were measured using
enzyme-linked immunosorbent assay kits or chemiluminescent enzyme immunoassay Kits. In
this study, MPO-ANCA levels were expressed as the ratio of MPO-ANCA titer to cut-off
level because the cut-off levels differ according to the kits used in each hospital.

Baseline data pertaining to the following variables were collected from the medical
records: clinical data; pathological findings; laboratory data, including serum MPO-ANCA
titer, C-reactive protein (CRP), Krebs von den Lungen-6 (KL-6), and arterial oxygen pressure
(Pa0y); results of pulmonary function tests, including %FVC and predicted diffusing capacity
of the lung carbon monoxide (%DLco); HRCT; MPA-related manifestation/involvement,
including general symptoms (e.g., fever and arthralgia); the 1996 five-factor score 2°;
treatment; and outcomes.

This multicenter study was conducted in accordance with the Declaration of
Helsinki and was approved by the institutional review board of each participating institution
(Hamamatsu University School of Medicine [approval number: 19-206], Seirei Mikatahara
General Hospital [approval number: 19-42], and Seirei Hamamatsu General Hospital
[approval number: 3211]). Written informed consent was not required because of the

retrospective nature of the study.

HRCT assessment:
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155  Chest HRCT images were reviewed by radiologists. ILD was defined as the evidence of

156 bilateral reticular opacities with/without traction bronchiectasis on HRCT. In patients with
157  ILD, HRCT patterns were further classified based on the 2018 IPF guidelines as UIP,

158  probable UIP, indeterminate for UIP, and alternative diagnosis patterns:®.

159

160  Statistical methods:

161  Data were expressed as means (+ standard deviation), median [interquartile range (IQR)], or
162  frequency (%). Fisher’s exact test or chi-square test was used for comparing proportions

163 among groups. Between-group differences were assessed using Welch's unequal variances
164  t-test. Correlation between different variables was evaluated using Spearman’s correlation test.
165  The observation period lasted from the date of MPA diagnosis until the last visit (the date of
166  censoring or the date of death). AE-free survival was calculated from the date of MPA

167  diagnosis until the date of AE onset in patients who developed AE or until the last visit in
168  those without AE. The cumulative survival and AE incidence rates were calculated using the
169  Kaplan—Meier test; the log-rank test and Gray’s test (treating death as a competing event)
170  were used to assess between-group differences. Cox proportional hazards regression analysis
171 (with/without time-dependent covariates) was used to identify the prognostic factors and
172 subdistribution hazard analyses were performed, according to the method of Fine and Gray,
173 to identify the predictive factors of AE development (treating death as a competing event)
174  and ILD-related death (treating other causes of death aside from those related to ILD as a
175  competing event); age, sex, treatment, and all variables that showed a significant association
176 in the univariate analysis were included in the multivariable analysis. We considered all

177  P-values < 0.05 as indicating statistical significance. We analyzed all data using EZR (Jichi
178  Medical University, Saitama, Japan), which is a graphical user interface for R (The R

179  Foundation for Statistical Computing, Vienna, Austria).
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Results
MPA-ILD vs. MPA-non-ILD:
The patient characteristics are summarized in Table 1. The MPA-ILD group showed
significantly higher proportions of men and former/current smokers than the MPA-non-ILD
group. Regarding the manifestations/involvements other than pulmonary involvement, the
MPA-ILD group had a significantly lower prevalence of general symptoms and renal
involvement than the MPA-non-1LD group.

Out of 84 patients in the MPA-ILD group, ILD diagnosis preceded the clinical onset
of MPA in 42 (50%) patients (ILD-preceding group), and the median time from ILD
diagnosis until MPA diagnosis was 39.1 (interquartile range: 18.3-83.5) months. Of the 42
patients in the ILD-preceding group, 15 (35.7%) were MPO-ANCA-positive at the time of
ILD diagnosis, 12 (28.6%) were MPO-ANCA-negative at the time of ILD diagnosis but later
had positive conversion, and 15 (35.7%) had MPO-ANCA results unknown at the time of
ILD diagnosis but were MPO-ANCA-positive at the time of MPA diagnosis. Of the
ILD-preceding group, 8 patients underwent surgical lung biopsy before the clinical onset of
MPA (e-Table 1). In the remaining 42 (50%) patients other than the ILD-preceding group, the
presence of ILD was found at the time of MPA diagnosis. The proportion of patients who
received corticosteroids (CS) plus an immunosuppressant (IS) tended to be relatively higher
in the MPA-ILD group than in the MPA-non-ILD group. ILD-related events, such as AE and
chronic respiratory failure, were the most common causes of death in the MPA-ILD group,
while infection was the major cause of death in the MPA-non-1LD group. The cumulative
survival rate was significantly lower in the MPA-ILD group than in the MPA-non-ILD group

(Figure 2A).

10
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MPA-ILD vs. ILD-alone:

The patient characteristics are summarized in Table 2. At baseline, the matched MPA-ILD
group had higher %FVC than the matched ILD-alone group. The matched MPA-ILD group
had a greater proportion of patients receiving immunosuppressive therapy than the matched
ILD-alone group. The matched MPA-ILD group had a significantly lower cumulative
survival rate than the matched ILD-alone group (Figure 2B); however, there was no
significant between-group difference with respect to the AE incidence rate (Figure 2C). The
incidence of ILD-related or other death is shown in e-Figure 1. There was no significant
difference in the incidence of ILD-related death between the matched MPA-ILD and the
matched ILD-alone groups (e-Figure 1A). However, the incidence of death from causes other
than ILD-related events was higher in the matched MPA-ILD group than in the matched
ILD-alone group (5-year cumulative incidence rate: 34.0% vs. 14.2%, respectively, P <
0.001) (e-Figure 1B). ILD-related events were the most common causes of death in both
groups. However, more patients in the matched MPA-ILD group died due to infection,

bleeding-related events, or uremia.

Prognostic factors of MPA-ILD:

The results of Cox proportional hazards analysis of all-cause mortality are presented in Table
3. In the multivariable analysis, lower %FVC was independently associated with increased
all-cause mortality (hazard ratio [HR]: 0.96 per 1% increase, P < 0.01).

The results of the subdistribution hazards analysis of ILD-related death are presented
in e-Table 2. In the multivariable analysis, higher KL-6 levels were independently associated
with ILD-related death (HR: 1.07 per 100 U/mL increase, P < 0.01) (model 1). KL-6 levels
showed a significant negative correlation with %FVC (correlation coefficient: —0.33, P <

0.01). Therefore, to avoid multicollinearity, we performed two separate models of

11
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multivariable analyses that incorporated “age, sex, induction treatment regimen, and KL-6
levels” (model 2), or “age, sex, induction treatment regimen, and %FVC” (model 3). In
models 2 and 3, higher KL-6 levels and lower %FVC were independently associated with

ILD-related death, respectively.

Analysis on AE in MPA-ILD:

In the entire MPA-ILD group, the 1-year AE cumulative incidence rate was 7.2%. BAL fluid
findings at AE onset are presented in e-Table 3. The results of the subdistribution hazards
analysis of AE development are presented in e-Table 4. In the multivariable analysis,

lower %FVC was independently associated with a higher AE incidence rate (HR: 0.96 per
1% increase, P = 0.01).

Cox proportional hazards analysis with time-dependent covariates that were adjusted
for age, sex, induction treatment regimen, and %FVC were performed to clarify the
association between AE development, a time-dependent covariate, and mortality. In this
model, the development of AE during the clinical course of MPA-ILD was significantly
associated with increased mortality (HR: 17.1, 95% confidence interval: 6.04-48.4, P < 0.01).
All patients who developed AE were treated with high-dose CS. The median survival time

from AE onset was 0.76 months, and the post-AE 3-month survival rate was 25% (Figure 3).

Sub-Analysis:

The survival and AE incidence rates of patients with MPA-ILD by HRCT patterns are shown
in e-Figure 2. The HRCT-UIP pattern group tended to have a lower survival rate than the
HRCT-non-UIP pattern group (5-year cumulative survival rate: 35.8% vs. 54.2%, respectively,
P =0.18) (e-Figure 2A). The HRCT-UIP pattern group tended to have a higher AE incidence

rate than the HRCT-non-UIP pattern group (3-year cumulative AE incidence rate; 20.2% vs.

12
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13.1%, respectively, P =0.17) (e-Figure 2B).

The frequency of MPA relapse with DAH is shown in e-Figure 3, which was higher
in the MPA-ILD group than in the MPA-non-ILD group (1-year cumulative incidence rate:
8.4% vs. 1.1%, respectively; P < 0.001). The results of the subdistribution hazards analysis of
MPA relapse with DAH are presented in e-Table 5; no predictive factors were identified. Cox
proportional hazards analyses with time-dependent covariates that were adjusted for age, sex,
induction treatment regimen, and %FVC were performed to clarify the association between
MPA relapse with DAH and mortality. MPA relapse with DAH was significantly associated

with increased mortality (HR: 3.02, 95% confidence interval: 1.03-8.83, P = 0.04).

Discussion
To our knowledge, this is the first and largest study that clarified the clinical significance of
ILD and its AE in patients with MPA, based on the clinical, radiological, and physiological
data. In the present study, the MPA-ILD group showed higher proportions of men and
smokers than the MPA-non-ILD group. The MPA-ILD group had a significantly poorer
prognosis with significantly different causes of death than the MPA-non-1LD group or the
age-, sex, and HRCT pattern-matched ILD-alone group. In patients with MPA-ILD,
lower %FVC was independently associated with increased mortality. Interestingly, AE did
occur in patients with MPA-ILD, and the 1-year AE cumulative incidence rate was 7.2%.
Lower %FVC was an independent predictor of AE. Of note, multivariable analysis with
time-dependent covariates demonstrated that developing AE during the clinical course of
MPA-ILD was strongly associated with a poor prognosis.

Among patients with MPA, the prevalence of ILD was not fully established;
however, it seems to be higher in Asia (37%—60%) than in Europe (10%-39%) 10.12:26-28

Consistent with these reports, the present study indicated the relatively high coexistence of

13
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ILD (46.9%) in our series of MPO-ANCA-positive MPA patients. Interestingly, half of the
patients with MPA-ILD in this cohort were diagnosed with ILD before the clinical onset of
MPA, and the other half had ILD at the time of MPA diagnosis, suggesting that ILD may
precede the clinical onset of MPA in most, but not all, patients with MPA-ILD.

The cumulative survival rate in patients with MPA is variable across study cohorts.
Reportedly, the 5-year survival rate in those patients was 46%—-80% 2°, especially in those
with ILD, 29%-60% *°. However, recent studies have shown a gradual improvement in the
survival rate of AAV including MPA over the last few decades 23, In the present study, the
cumulative survival rate in patients with MPA was relatively low, which may be due to the
fact that approximately 30% of the patients received a combination of CS and IS therapy and
the relatively high mean age of patients in this cohort.

To date, a few studies have compared the clinical characteristics between patients
with ILD and those without ILD in MPA. The present study found that the proportions of
men and smokers and the prevalence of general symptoms and renal involvement were
significantly different between the MPA-ILD group and the MPA-non-ILD group. In
accordance with our observations, several studies have shown the predominance of men and
smokers in the MPA-ILD group 1941327 The present study clearly indicated a large
prognostic difference between the MPA-ILD group and MPA-non-1LD group, which is
consistent with the results of previous studies %228, We also found a significant difference in
the causes of death between the two groups. ILD-related conditions were the most common
causes of death in the MPA-ILD group, whereas infection was the major cause in the
MPA-non-1LD group. These observations suggest that, among MPA, MPA-ILD is a distinct
phenotype with poor prognosis, and specific management may be required for MPA-ILD.
Anti-fibrotic agents, pirfenidone and nintedanib, has recently been approved for patients with

IPF 3233, More recently, two randomized studies demonstrated the effectiveness of nintedanib

14



305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

Hozumi, et al. ILD and AE in MPA.

in progressive fibrosing ILDs, such as systemic sclerosis-associated ILD (SSc-1LD) and
rheumatoid arthritis-associated ILD (RA-ILD), although these studies did not include
MPA-ILD 33, Thus, anti-fibrotic drugs may be a promising therapeutic agent for MPA-ILD
34-36.

To the best of our knowledge, this is the first study that compared a relatively large
cohort of age-, sex-, and HRCT pattern-matched pairs of patients with MPA-ILD and those
with ILD-alone. Notably, the matched patients with MPA-ILD showed a significantly poorer
prognosis, despite better respiratory function than those with ILD-alone. While the number
and incidence of ILD-related death were similar in both groups, the MPA-ILD group had a
greater number of bleeding-related deaths, renal-related deaths, and infection-related deaths;
moreover, the incidence of death from causes other than ILD-related was also significantly
higher in the MPA-ILD group. These results suggest that matched patients with MPA-ILD
and those with ILD-alone have a similar risk of ILD-related mortality; however, those with
MPA-ILD have a poorer prognosis owing to the additional risk of death from non-ILD
complications as compared to patients with ILD-alone.

In patients with MPA, older age and having ILD were associated with mortality 1228;
however, no study has identified the prognostic factors in patients with MPA-ILD. Using a
multivariable analysis, the present study, for the first time, demonstrated that lower %FVC
was an independent prognostic factor in patients with MPA-ILD. Among other ILDs, such as
IPF, SSc-ILD, RA-ILD, polymyositis/dermatomyositis-associated ILD, and Sjogren’s
syndrome-associated ILD, lower baseline %FVC was a major prognostic factor 341, Thus,
impaired lung function is likely to be a universal prognostic factor in various types of ILDs,
including MPA-ILD.

AE is a life-threatening event in patients with IPF. However, growing evidence,

including ours, indicated that patients with ILD other than IPF also develop AE during their

15
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clinical course 1'%, Regardless of the types and/or causes of ILD, patients developing AE
exhibit an extremely poor prognosis with high mortality “2. Interestingly, the present study
showed that patients with MPA-ILD also developed AE, and the 1-year AE cumulative
incidence rate was 7%. The reported annual AE incidence rates were 5%-15%, 2%-4%, and
2%-3% in IPF, idiopathic nonspecific pneumonia (NSIP), and RA-ILD, respectively 151719,
Thus, the incidence of AE in MPA-ILD was similar to that reported in IPF and higher than
that reported in idiopathic NSIP, and that reported in RA-ILD. In IPF, AE is more common in
patients with physiologically and functionally advanced disease; lower baseline %FVC is the
most consistent risk factor for AE-IPF *°. Similar to IPF, lower %FVC was an independent
predictor of AE in patients with MPA-ILD. The outcome of AE in MPA-ILD was extremely
poor. Moreover, Cox proportional hazards analyses with time-dependent covariates showed
that AE development was significantly associated with increased mortality. Taken together,
more attention should be paid to the developing AE during the clinical course in patients with
MPA-ILD, especially if the patients have a lower lung function.

Although UIP pattern on HRCT is the hallmark radiologic pattern for IPF %8 it is
often seen also in patients with ILDs other than IPF, including MPA-ILD %27, \We previously
reported that UIP pattern on HRCT was associated with AE development and poor prognosis
in patients with RA-ILD *°. It was also suggested that UIP pattern on HRCT may be
associated with an increased risk of developing AE in various ILDs >3, A recent study
demonstrated that UIP pattern on HRCT was a prognostic factor in patients with AAV-ILD,
including MPA and GPA 3, In this study, although UIP pattern on HRCT tended to be
associated with higher AE incidence and poorer prognosis, the differences did not reach
statistical significance. It is possible that the sample size and number of events, including AE
and death, may not have been sufficient to support our hypothesis. However, the impact of

the UIP pattern on the incidence of AE and mortality may vary depending on the underlying
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disease. Further studies are needed to clarify the clinical implication of UIP pattern on HRCT
in MPA-ILD.

DAH is a serious complication in patients with AAV, which may occur as an initial
presentation or as disease relapse 4. In the present study, we focused on DAH as disease
relapse, which occurred after successful induction treatment. Remarkably, the MPA-ILD
group had a relapse with DAH more frequently than the MPA-non-ILD group. The reason for
this remains unclear. It is hypothesized that a chronic subclinical alveolar hemorrhage is
associated with lung fibrosis . Thus, the preexisting subclinical hemorrhage in MPA-1LD
may be partially attributable to this. Collectively, these observations emphasize the need for
caution in the higher incidence of disease relapse with DAH in patients with MPA-ILD.

The present study had several limitations. Firstly, the retrospective design of the
study renders it vulnerable to several biases. Our institutions are regional ILD referral centers,
which may have introduced an element of selection bias. A prospective study is required to
validate our results. Secondly, this study only included patients with MPO-ANCA-positive
MPA. However, studies suggested that PR3-ANCA-positive AAV and MPO-ANCA-positive
AAYV are distinct syndromes ®7. Therefore, a different study design is needed to analyze
PR3-ANCA-positive patients. Thirdly, in our study, it was not mandatory to perform a BAL
for the diagnosis of DAH. Therefore, the incidence of DAH may have been underestimated.
Fourthly, there were several patients who could not be diagnosed with either AE or DAH
because of severe acute respiratory failure that prevented us from performing a BAL. The
presence of such patients may have affected the incidence of AE and DAH and the results of
risk factor analyses. Fifthly, in the MPA-non-ILD group, chest HRCT was performed at the
time of MPA diagnosis; however, chest HRCT was not routinely performed after MPA
diagnosis. Therefore, we could not fully ascertain whether patients in the MPA-non-ILD

group developed ILD after the diagnosis of MPA. Finally, the different treatment regimens
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may have affected the outcomes in our study population.

Interpretation

The present study demonstrated that patients with MPA-ILD had different characteristics and
outcomes from those with MPA-non-ILD. Patients with MPA-ILD showed worse prognosis
than those with MPA-non-ILD or those with ILD-alone, and lower %FVC was a poor
prognostic factor. During the clinical course of MPA-ILD, AE did occur with high mortality,
and lower %FVC was an independent predictor of this devastating condition. In the treatment
of MPA, rheumatologists and pulmonologists should be aware of the poor prognostic
significance of concurrent ILD and its AE, especially if the patients had lower %FVC.

Establishment of specific management for MPA-ILD and AE is urgently needed.
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Table 1. Patient characteristics of MPA-ILD and MPA-non-1LD

MPA-ILD MPA-non-ILD
P-value
N=284 N =095
Age, years 73.8 £ 8.7 726 +12.9 0.77
Sex, Man 56 (66.7) 34 (35.8) <0.01
Former or current smoker 57 (67.9) 30 (31.6) <0.01
Diagnosis, Clinical/pathological 32(38.1)/ 52 (61.9) 32(33.7)/ 63 (66.3) 0.64
MPO-ANCA, titer to cut-off ratio 65.6 + 142.0 35.6 + 30.3 0.06
C-reactive protein, mg/dL 7.72 £6.39 6.13+£6.19 0.09
Manifestation/involvement, yes
General symptom 31 (36.9) 52 (54.7) 0.02
Cutaneous 25 (29.8) 19 (20.0) 0.16
Mucous membranes/eyes 5 (6.0) 1(1.1) 0.10
Ear/nose/throat 5 (6.0) 5(5.3) 1.00
Cardiovascular 10 (11.9) 10 (10.5) 0.82
Abdominal 7(8.3) 13 (13.7) 0.34
Renal 73 (86.9) 92 (96.8) 0.02
Nerves system 19 (22.6) 15 (15.8) 0.26
. 6 (7.1)/50 (59.5)/  2(2.1)/ 67 (70.5)/
Five-factor score, 0/ 1/ 2 0.17
28 (33.3) 25 (26.3)
KL-6, U/mL 681 + 689 - -
PaO,, Torr 76.4+15.0 - -
% FVC, % 848+ 17.0 - -
% DLco, % ° 738+21.4 - -
HRCT pattern
uUIP 33(39.3) - -
Probable UIP 14 (16.7) - -
Indeterminate for UIP 11 (13.1) - -
Alternative 26 (30.9) - -
ILD-preceding MPA by > 3 months 42 (50) - -
Induction treatment
Corticosteroids 84 (100) 95 (100) -
with an immunosuppressant 31 (36.9) 23 (24.2) 0.07
Cyclophosphamide 26 16
Azathioprine 5 6
Methotrexate 0 1
with plasmapheresis 1(1.2) 2(2.1) 1.00
Observation period, months 43.9 +40.1 57.1 £58.2 0.08
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AE development after MPA onset * 16 (19.1) —
Death during observation period 51 26
Cause of death N =51 N =26 <0.01
Pulmonary involvement-related
ILD 17 (33.3) 0 (0)
AE 13 0
Chronic respiratory failure 4 0
Non-1LD 0 (0) 1(3.8)
Infection 10 (19.6) 10 (38.5)
Bleeding-related 12 (23.5) 6 (23.1)
DAH 7 1
Cerebral hemorrhage 1 3
Gastrointestinal bleeding 4 2
Cardiovascular event 6 (11.8) 3(11.5)
Uremia 3(5.9) 4 (15.4)
Malignancy 3(5.9) 2(7.7)

Data presented as mean + standard deviation or frequency (%).

T Other than pulmonary involvement

SN =49.

Ymedian AE-free period after MPA diagnosis was 18.6 months (interquartile range: 3.7-35.9
months).

MPO-ANCA, myeloperoxidase-antineutrophil cytoplasmic antibody; MPA, microscopic
polyangiitis; ILD, interstitial lung disease; KL-6, Krebs von den Lungen-6; PaO, arterial
oxygen pressure; %FVC, predicted forced vital capacity; %DLco, percent-predicted diffusing
capacity of the lung carbon monoxide; HRCT, high-resolution computed tomography; UIP,
usual interstitial pneumonia; AE, acute exacerbation; DAH, diffuse alveolar hemorrhage.
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Matched Matched P-value
MPA-ILD ILD-alone
N =80 N =80
Age, years 73.2+8.3 727+74 0.70
Sex, Man 56 (70.0) 52 (65.0) 0.61
HRCT pattern, UIP/non-UIP 32 (40)/ 48 (60) 31 (38.8)/49 (61.2) 1.00
Former or current smoker 57 (71.3) 51 (63.8) 0.40
C-reactive protein, mg/dL 7.88 £ 6.46 1.05+2.48 <0.01
KL-6, U/mL 682 + 701 1034 + 925 <0.01
PaO2, Torr 76.8 +15.0 76.4 135 0.89
% FVC, % 84.8+17.3 74.2 £ 20.7 <0.01
% DLco, % T 74.1+21.6 65.8 £ 19.8 0.08
Immunosuppressive treatment 8
Corticosteroids 80 (100) 23 (28.8) <0.01
with an immunosuppressant 30 (37.5) 5 (6.3) <0.01
Cyclophosphamide 26 2
Cyclosporin 0 2
Azathioprine 4 1
Anti-fibrotic treatment 0 (0) 18 (22.5) <0.01
Pirfenidone 0! 13
Nintedanib 0 5
Observation period, months 44.8 £ 40.7 47.7 £40.0 0.65
AE development after MPA onset 15 (18.8) 15 (18.8) 1.00
Death during observation period 50 (62.5) 30 (37.5) <0.01
Cause of death N =50 N =30 <0.01
ILD-related 17 (34.0) 21 (70.0)
AE 13 10
Chronic respiratory failure 4 11
Infection 9 (18.0) 4 (13.3)
Bleeding-related 12 (24.0) 0 (0)
DAH 7 0
Cerebral hemorrhage 1 0
Gastrointestinal bleeding 4 0
Cardiovascular event 6 (12.0) 2 (6.7)
Uremia 3(6.0) 0 (0)
Malignancy 3(6.0) 3(10.0)

Data presented as mean + standard deviation or frequency (%).
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TMPA-ILD, N = 47; ILD-alone, N = 38

§ Induction treatment after MPA diagnosis in patients with MPA or initial treatment after 1P
diagnosis in patients with ILD-alone

* Only one patient in the ILD-preceding group was treated with pirfenidone prior to the
clinical onset of MPA.

MPA, microscopic polyangiitis; ILD, interstitial lung disease; HRCT, high-resolution
computed tomography; UIP, usual interstitial pneumonia; KL-6, Krebs von den Lungen-6;
PaOo, arterial oxygen pressure; %FVC, predicted forced vital capacity; %DLco,
percent-predicted diffusing capacity of lung carbon monoxide; AE, acute exacerbation; DAH,
diffuse alveolar hemorrhage.
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565  Table 3. Results of the Cox proportional hazards regression analysis of all-cause
566  mortality

Variable HR 95% CI P-value
Univariate analysis
Age, years 1.04 1.01-1.08 0.01
Man (vs. Woman) 1.18 0.66-2.23 0.59
Smoking, current/former (vs. never) 1.29 0.72-2.44 0.40
MPO-ANCA, per titer/cut-off ratio 1.00 0.99-1.01 0.93
C-reactive protein, per 1 mg/dL 1.01 0.97-1.05 0.70
Manifestation/involvement, yes (vs. no) ¥
General symptom 0.67 0.35-1.20 0.18
Cutaneous 0.75 0.38-1.40 0.38
Mucous membranes/eyes 0.58 0.14-1.61 0.35
Ear/nose/throat 0.56 0.10-1.83 0.39
Cardiovascular 0.64 0.22-1.48 0.32
Abdominal 0.82 0.25-2.03 0.70
Renal 0.99 0.45-2.59 0.97
Nerves system 0.74 0.34-1.46 0.40
1996 five-factor score > 2 (vs. <2) 0.78 0.40-1.53 0.47
KL-6, per 100 U/mL 1.02 0.98-1.05 0.24
PaO,, per 1 Torr 0.97 0.95-0.99 <0.01
%FVC, perl% 0.96 0.94-0.98 <0.01
UIP pattern on HRCT, yes (vs. no) 1.46 0.83-2.55 0.18
Induction treatment regimen
CS plus an IS (vs. CS monotherapy) 0.55 0.30-1.02 0.07
Multivariable analysis 8
Age, years 1.03 0.98-1.09 0.20
PaO., per 1 Torr 0.98 0.95-1.01 0.18
%FVC, per 1% 0.96 0.94-0.98 <0.01

567 T Other than pulmonary involvement

568 % Age, sex, treatment, and all variables that showed a significant association in univariate

569  analysis were included in the multivariable analysis.

570  HR, hazard ratio; 95% CI, 95% confidence interval; MPO-ANCA,

571  myeloperoxidase-antineutrophil cytoplasmic antibody; KL-6, Krebs von den Lungen-6; PaO2,
572  arterial oxygen pressure; %FVC, predicted forced vital capacity; UIP, usual interstitial

573  pneumonia; HRCT, high-resolution computed tomography; CS, corticosteroids; IS,

574  immunosuppressant
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Figure legends

Figure 1. Flow chart of this study

A Flow chart illustrating the selection of patients with MPA-ILD and patients with
MPA-non-ILD

B Flow chart illustrating the selection of patients with MPA-ILD and patients with

ILD-alone who were propensity-score matched for age, sex, and HRCT pattern

MPO-ANCA, myeloperoxidase-antineutrophil cytoplasmic antibody; MPA, microscopic
polyangiitis; HRCT, high-resolution computed tomography; AE, acute exacerbation of
interstitial lung disease; DAH, diffuse alveolar hemorrhage; CTD, connective tissue disease;

PR3, proteinase 3; IIP, idiopathic interstitial pneumonia; UIP, usual interstitial pneumonia

Figure 2. Kaplan—Meier curves
A Survival rates of the MPA-ILD and the MPA-non-1LD groups
The 5-year cumulative survival rates of the MPA-ILD and the MPA-non-1LD groups
were 46.1% and 74.3%, respectively (P < 0.001 by the log-rank test).
B Survival rates in the propensity score-matched MPA-ILD and ILD-alone groups
The 5-year cumulative survival rate in the propensity score matched MPA-ILD and
ILD-alone groups were 46.4% and 58.0%, respectively (P = 0.02 by the log-rank test).
C AE incidence rates of the matched MPA-ILD and the matched ILD-alone groups
The 1-year cumulative incidence rates of the matched MPA-ILD group and the matched

ILD-alone group were 7.5% and 5.2%, respectively (P = 0.75 by the Gray’s test).

MPA, microscopic polyangiitis; ILD, interstitial lung disease; AE, acute exacerbation
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Figure 3. AE and survival rates
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The median survival time from AE onset was 0.76 months (interquartile range: 0.23-2.40),

and the post-AE 3-month survival rate was 25%.

AE, acute exacerbation
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Take-Home Point

Question: What are the clinical features and prognostic factors in patients with

microscopic polyangiitis (MPA) and interstitial lung disease (ILD)? What is the

incidence of acute exacerbation (AE) of ILD in those patients, and what are their risk

factors?

Results: Patients with MPA-ILD had a higher frequency of men and smokers and was

associated with higher mortality than those with MPA without ILD. In patients with

MPA-ILD, the 1-year AE cumulative incidence rate was 7.2%. A lower percent-

predicted forced vital capacity was independently associated with a higher mortality rate

and a higher AE incidence rate. Developing AE was strongly associated with shorter

survival.

Interpretation: MPA-ILD represented a distinct phenotype with poor prognosis. The

specific management for MPA-ILD and AE should be established.
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e-appendix 1.

Propensity scores, which are the predicted probabilities of each patient being assigned to
MPA-ILD or ILD-alone, were calculated using a logistic regression model that was adjusted
for sex (male or female) age and chest HRCT pattern (UIP or non-UIP) at the time of the
diagnosis of MPA or 1IP. Propensity score-matching was performed using the following
algorithm: 1:1 nearest neighbour matching with a = 0.05 caliper and no replacement. Based
on this method, 80 age-, sex-, and chest HRCT pattern-matched pairs were made between the
MPA-ILD and ILD-alone groups. Distribution of the logit conversion score in propensity
score-matching is presented below.
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MPA, microscopic polyangiitis; ILD, interstitial lung disease; IIP, idiopathic interstitial
pneumonia; ILD-alone, 1P without the development of MPA or connective tissue disease and
negative for myeloperoxidase-anti-neutrophil cytoplasmic antibody; HRCT, high-resolution
computed tomography; UIP, usual interstitial pneumonia; MPO-ANCA,
myeloperoxidase-anti-neutrophil cytoplasmic antibody
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e-Figure 1. Incidence rates of death due to ILD-related or other causes
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E 0 1 2 3 4 5 3 0 1 2 3 4 5
o Years Years
Number at risk Number at risk
MPA-ILD 80 64 49 40 28 20 MPA-ILD 80 64 49 40 28 20
ILD-alone 80 68 55 43 28 19 ILD-alone 80 68 55 43 28 19
A Incidence rates of ILD-related death in the propensity score matched MPA-ILD and
ILD-alone groups
The 5-year cumulative incidence rates in the propensity score matched MPA-ILD group
and ILD-alone groups were 19.6% and 27.8%, respectively (P = 0.20 by the Gray’s test).
B Incidence rates of death due to causes other than ILD-related related events in the

propensity score matched MPA-ILD and ILD-alone groups
The 5-year cumulative incidence rates of the propensity score matched MPA-ILD and
ILD-alone groups were 34.0% and 14.2%, respectively (P < 0.001 using the Gray’s test).
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e-Figure 2. Kaplan—Meier curves of patients disaggregated by HRCT patterns
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Non-UIP pattern 51 42 32 24 19 12 Non-UIP pattern 51 42 32 24
UIP pattern 33 25 19 17 10 8 UIP pattern 33 25 18 15

A Survival rates by HRCT patterns
The 5-year cumulative survival rates in the HRCT-UIP pattern group and the
HRCT-non-UIP pattern group were 35.8% and 54.2%, respectively (P = 0.18 by the
log-rank test).

B AE incidence rates by HRCT patterns
The 1-year and 3-year cumulative incidence rates of the HRCT-UIP pattern group were
7.3% and 20.2%, respectively, while the 1-year and 3-year cumulative incidence rates of
the HRCT-non-UIP pattern group were 7.0% and 13.1%, respectively (P = 0.17 using the
Gray’s test).

HRCT, high-resolution computed tomography; UIP, usual interstitial pneumonia; AE, acute

exacerbation
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e-Figure 3. Kaplan—Meier curves; sub-analysis on DAH
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Cumulative incidence rate
of MPA relapse with DAH (%)

1 2 3
0 Years

Number at risk

Non-ILD 95 66 58 48
ILD 84 65 51 39

Incidence rates of MPA relapse with DAH in the MPA-ILD and the MPA-non-ILD groups
The 1-year and 3-year cumulative incidence rates in the MPA-ILD group were 8.4% and
12.5%, respectively, while the 1-year and 3-year cumulative incidence rates of the
MPA-non-ILD group were 1.1% and 2.5%, respectively (P < 0.001 using the Gray’s test).
DAH, diffuse alveolar hemorrhage; MPA, microscopic polyangiitis; ILD, interstitial lung
disease
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e-Table 1. Characteristics and pathological findings of ILD-preceding patients who
underwent surgical lung biopsy

Age, years

Pathological findings of the lung I

Sex MPO-A HRCT - _
ILD MPA NCAT patternT Pattern Vgspu B_wo_n_ch Lymphoid _ Interstltlz?ll
onset  onset litis iolitis  aggregates  inflammation
50 70 VoM ynknown Al ngp ¥ ¥ *
an ve
61 71 Man Negative A'tf/re“a“ NSIP - - ¥
69 74 Wom Negative Alternati NSIP — — + +
an ve
Alternati  Unclass
74 81 Man  unknown ve ifiable — — + +
62 64 Man  Negative UIP UIP — — +
52 68 Man Positive UIP UIP — — +
66 75 Man  Negative UlIP UlIP - + -
65 74 Man  unknown UIP Qqclass — + - -
ifiable

Tat ILD diagnosis
+ Present, — Absent

ILD, interstitial lung disease; MPA, microscopic polyangiitis; MPO-ANCA,

myeloperoxidase-antineutrophil cytoplasmic antibody; HRCT, high-resolution computed

tomography; UIP, usual interstitial pneumonia; NSIP, nonspecific interstitial pneumonia
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70  e-Table 2. Results of the Fine-Gray subdistribution hazards analysis of ILD-related
71  deaths

Variable HR 95% CI P-value
Univariate analysis
Age, years 0.99 0.94-1.04 0.58
Man (vs. woman) 0.84 0.31-2.26 0.73
Smoking, current/former (vs. never) 1.12 0.39-3.24 0.83
MPO-ANCA, per titer/cut-off ratio 1.00 0.99-1.003 0.77
C-reactive protein, per 1 mg/dL 1.03 0.95-1.12 0.49
Manifestation/involvement, yes (vs. no)
General symptom 0.69 0.25-1.96 0.49
Cutaneous 0.48 0.14-1.70 0.26
Mucous membranes/eyes 0.95 0.22-4.07 0.94
Ear/nose/throat 0.74 0.10-5.40 0.77
Cardiovascular 1.03 0.22-4.93 0.97
Abdominal 0.65 0.07-5.65 0.69
Renal 1.02 0.22-4.78 0.98
Nerves system 1.56 0.67-3.67 0.30
1996 five-factor score > 2 (vs. <2) 0.38 0.08-1.80 0.22
KL-6, per 100 U/mL 1.07 1.04-1.09 <0.01
PaO,, per 1 Torr 0.98 0.95-1.01 0.26
%FVC, per1 % 0.96 0.93-0.99 0.01
UIP pattern on HRCT, yes (vs. no) 1.58 0.63-3.96 0.33
Induction treatment with CS plus an IS (vs. CS
1.50 0.59-3.80 0.39
monotherapy)
Multivariable analysis model 1 8
KL-6, per 100 U/mL 1.07 1.03-1.12 <0.01
%FVC, per 1% 0.98 0.94-1.02 0.32
Multivariable analysis model 2 *
KL-6, per 100 U/mL 1.07 1.03-1.10 <0.01
Multivariable analysis model 3 *
%FVC, per 1% 0.96 0.92-0.99 0.01

72 T Other than pulmonary involvement

73 S Age, sex, treatment, and all other variables that showed a significant association in

74 univariate analysis were included in the multivariable analysis.

75  *Adjusted for age, sex, and treatment

76  HR, hazard ratio; 95% CI, 95% confidence interval; MPO-ANCA,

77  myeloperoxidase-antineutrophil cytoplasmic antibody; KL-6, Krebs von den Lungen-6; PaOs,

7
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arterial oxygen pressure; %FVC, predicted forced vital capacity; UIP, usual interstitial
pneumonia; HRCT, high-resolution computed tomography; CS, corticosteroids; IS,
immunosuppressant
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82  e-Table 3. Bronchoalveolar lavage fluid findings at the time of development of AE

N =16
Total cell count, x 10° cells/mL 1.3 (0.99-2.75)
Alveolar macrophages, % 77.7 (61.6-81.8)
Lymphocytes, % 9.5 (5.1-15.2)
Neutrophils, % 6.2 (1.9-17.4)
Eosinophils, % 2.0 (0.5-6.2)
CD4 / CD8, ratio 1.56 (0.84-2.15)

83  Data presented as median (interquartile range).
84  AE, acute exacerbation; CD, cluster of differentiation.
85
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86  e-Table 4. Results of the Fine-Gray sub-distribution hazards analysis of AE
87  development

Variable HR 95% ClI P-value
Univariate analysis
Age, years 1.00 0.94-1.06 0.87
Man (vs. woman) 1.44 0.46-4.57 0.53
Smoking, current/former (vs. never) 1.41 0.44-4.50 0.56
MPO-ANCA, per titer/cut-off ratio 1.00 0.99-1.01 0.66
C-reactive protein, per 1 mg/dL 1.03 0.94-1.12 0.54
Manifestation/involvement, yes (vs. no)
General symptom 0.54 0.17-1.71 0.30
Cutaneous 0.78 0.25-2.38 0.66
Mucous membranes/eyes 0.32 0.04-2.57 0.29
Ear/nose/throat 1.07 0.16-7.04 0.94
Cardiovascular 1.16 0.25-5.47 0.85
Abdominal 0.71 0.08-6.18 0.76
Renal 0.57 0.17-1.96 0.37
Nerves system 1.57 0.67-3.66 0.30
1996 five-factor score > 2 (vs. <2) 0.44 0.10-2.04 0.29
KL-6, per 100 U/mL 1.02 0.98-1.07 0.35
PaO,, per 1 Torr 1.00 0.96-1.04 0.88
%FVC, per1 % 0.96 0.93-0.99 0.01
UIP pattern on HRCT (vs. non-UIP pattern) 2.47 0.91-6.70 0.07

Induction treatment with CS plus an IS (vs.
CS monotherapy)
Multivariable analysis model &
%FVC, per 1 % 0.96 0.93-0.99 0.01

0.78 0.27-2.23 0.64

88 T Other than pulmonary involvement

89 5 Age, sex, treatment, and all variables that showed a significant association in univariate

90  analysis were included in the multivariable analysis.

91  HR, hazard ratio; 95% CI, 95% confidence interval; MPO-ANCA,

92  myeloperoxidase-antineutrophil cytoplasmic antibody; KL-6, Krebs von den Lungen-6; PaO»,
93 arterial oxygen pressure; %FVC, predicted forced vital capacity; UIP, usual interstitial

94  pneumonia; HRCT, high-resolution computed tomography; CS, corticosteroids; IS,

95  immunosuppressant

10
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96 e-Table 5. Results of the Fine-Gray sub-distribution hazards analysis of MPA relapse
97  with DAH

Variable HR 95% CI P-value
Univariate analysis
Age, years 0.99 0.93-1.05 0.73
Man (vs. woman) 1.50 0.41-5.51 0.54
Smoking, current/former (vs. never) 2.51 0.55-11.5 0.23
MPO-ANCA, per titer/cut-off ratio 0.99 0.97-1.01 0.22
C-reactive protein, per 1 mg/dL 0.95 0.87-1.04 0.30
Manifestation/involvement, yes (vs. no)
General symptom 1.25 0.41-3.83 0.70
Cutaneous 0.80 0.22-2.98 0.74
Mucous membranes/eyes 3.09 0.74-12.9 0.12
Ear/nose/throat 1.55 0.20-11.7 0.67
Cardiovascular 1.53 0.35-6.80 0.58
Abdominal 0.77 0.25-2.35 0.64
Renal 0.71 0.16-3.16 0.66
Nerves system 1.20 0.34-4.27 0.78
1996 five-factor score > 2 (vs. <2) 1.09 0.30-3.93 0.90
KL-6, per 100 U/mL 1.00 0.94-1.07 0.90
PaO,, per 1 Torr 0.98 0.95-1.02 0.27
%FVC, per1 % 0.99 0.97-1.02 0.49
UIP pattern on HRCT (vs. non-UIP pattern) 1.03 0.34-3.13 0.96
Induction treatment regimen
CS plus an IS (vs. CS monotherapy) 0.82 0.26-2.66 0.75

98 T Other than pulmonary involvement
99  HR, hazard ratio; 95% CI, 95% confidence interval; MPO-ANCA,
100  myeloperoxidase-antineutrophil cytoplasmic antibody; KL-6, Krebs von den Lungen-6; PaO»,
101 arterial oxygen pressure; %FVC, predicted forced vital capacity; UIP, usual interstitial
102  pneumonia; HRCT, high-resolution computed tomography; CS, corticosteroids; IS,
103 immunosuppressant
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