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Abstract

Background: Myeloperoxidase anti-neutrophil cytoplasmic antibody-related nephritis (MPO-ANCA nephritis) is
occasionally accompanied by lung abnormalities such as pulmonary fibrosis. However, the clinical features of
pulmonary fibrosis in patients with MPO-ANCA nephritis have not been well documented. This study was
performed to compare the prognosis of a usual interstitial pneumonia (UIP) pattern of lung fibrosis in patients
with MPO-ANCA nephritis with the prognosis of idiopathic pulmonary fibrosis (IPF).

Methods: We retrospectively reviewed the medical records of 126 patients with MPO-ANCA nephritis and identified
31 with a UIP pattern of lung fibrosis on high-resolution or thin-slice computed tomography (CT). We compared
the characteristics and prognosis of these patients with those of 32 patients with IPF. In 18 patients from both
groups, we assessed and compared the decline in lung volume over time using three-dimensional (3D) CT images
reconstructed from thin-section CT data.

Results: The numbers of male and female patients were nearly equal among patients with MPO-ANCA nephritis
exhibiting a UIP pattern; in contrast, significant male dominancy was observed among patients with IPF (p =
0.0021). Significantly fewer smokers were present among the patients with MPO-ANCA nephritis with a UIP pattern
than among those with IPF (p = 0.0062). There was no significant difference in the median survival time between
patients with MPO-ANCA nephritis with a UIP pattern (50.8 months) and IPF (55.8 months; p = 0.65). All patients
with IPF in this cohort received antifibrotic therapy (pirfenidone or nintedanib). AlImost half of the deaths that
occurred in patients with MPO-ANCA nephritis with a UIP pattern were caused by non-respiratory-related events,
whereas most deaths in patients with IPF were caused by respiratory failure such as acute exacerbation. In the 3D
CT lung volume analyses, the rate of decline in lung volume was equivalent in both groups.
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Conclusions: MPO-ANCA nephritis with a UIP pattern on CT may have an unfavorable prognosis equivalent to that

of IPF with a UIP pattern treated with antifibrotic agents.

Keywords: Myeloperoxidase anti-neutrophil cytoplasmic antibody-related nephritis, Pulmonary fibrosis, Three-
dimensional computed tomography, Usual interstitial pneumonia, Idiopathic pulmonary fibrosis

Background

Anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) includes three main types of diseases:
microscopic polyangiitis (MPA), granulomatous polyangiitis
(GPA), and eosinophilic granulomatous polyangiitis. GPA
and MPA are frequently accompanied by glomeruloneph-
ritis within 2vyears after the onset of vasculitis [1, 2].
Pulmonary fibrosis develops less frequently than glomerulo-
nephritis in patients with AAV. Among the three types of
AAV, MPA, which is strongly associated with myeloperoxi-
dase ANCA (MPO-ANCA), is most frequently accompanied
by pulmonary fibrosis (15-47% of cases) [3-6]. MPO-
ANCA-associated vasculitis more frequently occurs in
Japanese patients, whereas proteinase-3 ANCA-associated
vasculitis is more common in Europe and the United States
[7]. Because both glomerulonephritis and pulmonary fibrosis
are known to be unfavorable prognostic factors in patients
with AAV, management of pulmonary fibrosis in patients
with MPO-ANCA-related nephritis (MPO-ANCA nephritis)
is a critical clinical problem [8, 9]. In the real-world setting,
nephrologists often consult with pulmonologists about the
management of pulmonary fibrosis in patients with MPO-
ANCA nephritis. Some previous studies have addressed the
relationship between MPO-ANCA and pulmonary fibrosis,
showing that MPO-ANCA positivity is associated with a
poor prognosis of pulmonary fibrosis [10]. However, because
these studies focused mainly on pulmonary fibrosis, they
may have included patients whose vasculitis activities were
indolent or silent. Thus, the detailed clinical features of pul-
monary fibrosis in patients with overt ANCA-related patho-
logical conditions (i.e., those affecting other organs such as
the kidney) have not been fully elucidated.

Previous studies have shown that a usual interstitial
pneumonia (UIP) pattern is the most prevalent pattern on
high-resolution computed tomography (HRCT) in pa-
tients with MPO-ANCA -associated interstitial pneumonia
[11]. A UIP pattern on HRCT is a distinct CT finding
characterized by honeycombing, reticular shadows, and
traction bronchiectasis [12]. Idiopathic pulmonary fibrosis
(IPF), which typically exhibits the UIP pattern on HRCT
as well as the pathological pattern of UIP, has a signifi-
cantly worse prognosis than chronic fibrotic idiopathic
interstitial pneumonia [12, 13]. The aim of this study was
to compare the clinical features and prognosis of pulmon-
ary fibrosis showing a UIP pattern in patients with MPO-
ANCA nephritis versus IPF.

Patients and methods

Patients

We retrospectively reviewed the records of 126 consecutive
patients with MPO-ANCA nephritis who visited the De-
partment of Nephrology in Fujita Health University Hos-
pital from 2008 to 2018. Among these patients, we
identified 31 patients who had lung fibrosis with a UIP pat-
tern on thin-section CT (TSCT) or HRCT. All 31 patients
had visited the Department of Respiratory Medicine for
consultation within 1month after the nephrologist first
noted co-existing lung fibrosis. We simultaneously selected
32 patients with IPF who had been diagnosed and treated
at Fujita Health University Hospital from 2011 to 2018.
The diagnosis of IPF or a UIP pattern on CT was based on
the criteria in the clinical practice guideline of the
American Thoracic Society/European Respiratory Society/
Japanese Respiratory Society/Latin American Thoracic As-
sociation [13]. The patients with IPF comprised 9 patients
with a pathologically proven diagnosis obtained by thora-
coscopic biopsy and 23 patients diagnosed by typical
HRCT findings (UIP pattern) along with other consistent
clinical findings. We excluded patients with serum ANCA
positivity from among the patients with IPF. All patients
with IPF had received antifibrotic therapy with either pirfe-
nidone or nintedanib for at least 6 months. Overall survival
was defined as the time from the first hospital visit (in IPF
patients) or initial consultation with the pulmonologist for
co-existing lung fibrosis (in ANCA-nephritis patients) to
the date of death or last follow-up visit.

Evaluation of HRCT findings

CT (0.5mm slices) images were generated using a non-
enhanced multidetector CT system (Aquilion One; Toshiba
Medical Systems, Tokyo, Japan). The CT scan parameters
were as follows: tube current, automatic exposure control
SD7; tube voltage, 120 kV; rotation speed, 0.5 s/rot; table
speed, BP 1.39; reconstruction filter, FC51 AIDR 3D
WEAK; window width, 1600; and window level, — 600. We
used automatic exposure control, the volume helical scan
mode, and multi-planar reconstruction images. Three
observers, including two experts in thoracic radiology for
diffuse lung diseases (T.W. and T.M. with 5 and 10 years’
experience of image diagnosis of pulmonary fibrosis, re-
spectively) and one respiratory medicine specialist (K.I) in-
dependently evaluated the TSCT or HRCT images of each
patient within 3 months after the first visit to the hospital.
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The three observers selected one of the four categories of
CT patterns: UIP or probable UIP pattern (defined as UIP
pattern in this study), indeterminate for UIP pattern, alter-
native diagnosis pattern, and no abnormal change [13].
When three observers’ conclusions did not coincide, the
final decision was made by group discussion. The kappa co-
efficient was calculated for evaluation of interobserver
agreement. Representative UIP patterns in CT images from
patients with ANCA-nephritis and IPF at two time points
are shown in Figs. 1 and 2, respectively.

Evaluation of lung volume by three-dimensional CT

Eighteen patients were selected from both groups of pa-
tients (those with MPO-ANCA nephritis with a UIP pat-
tern and those with IPF) who had undergone TSCT
(Aquilion ONE ViSION; Toshiba Medical Systems,
Tokyo, Japan) at least twice, including the first time when
physicians recognized pulmonary fibrosis and a second or
later time point at least 6 months after the first TSCT. We
reconstructed three-dimensional (3D) images of the whole
lung from these TSCT data and calculated the lung vol-
ume using 3D reconstruction software (AZE Virtual Place;
AZE 1td., Tokyo, Japan) (Fig. 3). In brief, a 3D image of
the lung was generated by extracting lung and bronchial
images from the TSCT data followed by subtraction of the
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bronchial fraction. The software automatically calculated
the volume of the created lungs. Next, we analyzed the
difference (decline) in the 3D image lung volume between
the first and latest TSCT. The annual change was calcu-
lated assuming that the lung volume declined at a regular
pace. We evaluated the net and percent lung volume
decline from baseline. We did not use the CT data just
before death (within 1 month) because the lung volume
might have been affected by various serious end-stage
conditions such as pneumothorax, diffuse alveolar dam-
age, or infection. In addition, nine patients with IPF who
had undergone video-assisted thoracoscopic surgical bi-
opsy were excluded because the surgical procedure could
have affected expansion of the lung.

Statistical analysis

We used the nonparametric Wilcoxon signed-rank test
for comparative analyses between the two groups. The
kappa coefficient was used to assess interobserver agree-
ment in the CT evaluation. Survival curves were evalu-
ated by the Kaplan—Meier method, and the median
survival time was analyzed by the log-rank test. All stat-
istical analyses were performed using JMP version 13
(SAS Institute, Tokyo, Japan).

UIP, usual interstitial pneumonia

Fig. 1 Representative thin-slice CT images of the lung from a patient with ANCA nephritis with a UIP pattern. (@a-c) CT images at initial
examination. (d-f) CT images 48 months after the initial CT examination. CT, computed tomography; ANCA, anti-neutrophil cytoplasmic antibody;
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Fig. 2 Representative thin-slice CT images of the lung from a patient with IPF. (@a—c) CT images at initial examination. (d-f) CT images 36 months
after the initial CT examination. CT, computed tomography; IPF, idiopathic pulmonary fibrosis

J

Results

CT patterns in patients with MPO-ANCA nephritis

The chest CT patterns in patients with MPO-ANCA
nephritis are shown in Table 1. Among 126 patients with
MPO-ANCA nephritis, 31 (24.6%) had a UIP or probable
UIP pattern, 8 (6.3%) had findings indeterminate for a UIP
pattern, and 27 (21.4%) had pulmonary infiltrations sug-
gestive of a diagnosis other than UIP (alternative diagno-
sis). Sixty patients (47.6%) had no pulmonary infiltration.
The Interobserver agreement as evaluated by the kappa
coefficient was good or excellent (range, 0.79-0.97).

Patient characteristics

The clinical features of the 31 patients with MPO-
ANCA nephritis with a UIP pattern and the 32 patients
with IPF retrospectively recruited in this study are sum-
marized in Table 2. The clinical backgrounds, respira-
tory symptoms, lactate dehydrogenase level, and Krebs
von den Lungen-6 glycoprotein level were equivalent in
both groups. Significantly more male patients and
smokers (current and ex-smokers) were present among
the patients with IPF (p =0.0021 and p =0.0062, re-
spectively). Table 3 shows the details of renal dysfunc-
tion in the patients with MPO-ANCA nephritis with a
UIP pattern. All but one patient had microscopic poly-
angiitis. The mean estimated glomerular filtration rate
and serum creatinine level in the patients with MPO-

ANCA nephritis with a UIP pattern were 34.1 mL/min/
1.73 m* and 2.66 mg/dL, respectively. Eight patients with
MPO-ANCA nephritis with a UIP pattern had under-
gone hemodialysis, whereas no patients with IPF had
started dialysis. Most patients with MPO-ANCA neph-
ritis with a UIP pattern had been treated with immuno-
suppressive agents (n =28, 90.0%), although two patients
(6.4%) had received no treatment. Among the 28 pa-
tients with ANCA-nephritis who had received immuno-
suppressive therapy, seven (22.5%) experienced relapses
after transient improvements of nephritis. Most recur-
rences occurred during tapering of the corticosteroid
dose, and all relapsed patients subsequently recovered
after re-increasing the steroid dose. All patients with IPF
had been treated with antifibrotic agents (nintedanib
n =14 (300 mg/day n =4, 200 mg/day »n = 10) or pirfeni-
done n =18 (1800 mg/day n =3, 1200 mg/day »n =11,
600 mg/day n = 4)), whereas only one patient with MPO-
ANCA nephritis had received antifibrotic therapy (ninte-
danib 300 mg/day) (Table 2).

Prognostic analysis of patients with MPO-ANCA nephritis
with a UIP pattern

The results of the survival analysis between the patients
with MPO-ANCA nephritis with a UIP pattern and
those with IPF are shown in Fig. 4. The median survival
time of the patients with MPO-ANCA nephritis and IPF
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Fig. 3 Representative data of three-dimensional reconstruction images of the lung from the CT data at the initial and following examinations. (a, b)
ANCA nephritis with a UIP patter. (c, d) IPF. (a, ¢) Whole-lung images reconstructed from the data of the initial CT examination. (b) CT image 48
months after the initial CT examination. (d) CT image 36 months after the initial CT examination. CT, computed tomography; ANCA, anti-neutrophil
cytoplasmic antibody; UIP, usual interstitial pneumonia; IPF, idiopathic pulmonary fibrosis

was 50.8 and 55.8 months, respectively, with no significant
difference (p = 0.65). We also analyzed the annual decline
in lung volume calculated by 3D images of the lung recon-
structed from TSCT data. The net annual decline in lung
volume was —221.7 mL/year in the patients with MPO-
ANCA nephritis with a UIP pattern and — 191.4 mL/year
in those with IPF (Fig. 5a); the difference was not statisti-
cally significant (p = 0.457). Similarly, the annual percent

Table 1 Chest CT findings in patients with ANCA nephritis (n =

change from the baseline lung volume was —6.36% per
year in the patients with MPO-ANCA nephritis with a
UIP pattern and — 5.48% in those with IPF (Fig. 5b), again
with no significant difference (p = 0.189).

Causes of death
In total, 17 patients with MPO-ANCA nephritis with a
UIP pattern and 13 patients with IPF died during the

126) and concordance among three observers

CT pattern Observer 1 Observer 2 Observer 3 After discussion
UIP or probable UIP 20 31 30 31
Indeterminate for UIP 20 6 12 8
Alternative diagnosis 30 29 24 27
No abnormal findings 56 60 60 60
Kappa coefficient

Observers 1/2 0.792

Observers 1/3 0817

Observers 2/3 0.975

Observers 1 and 2: specialists in thoracic radiology;
Observer 3: specialist in respiratory medicine

CT computed tomography, ANCA anti-neutrophil cytoplasmic antibody, UIP usual interstitial pneumonia
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Table 2 Clinical characteristics of patients with MPO-ANCA nephritis with a UIP pattern and patients with IPF
Characteristics MPO-ANCA nephritis with IPF p-value
UIP pattern

Patients 31 32
Age, years 74 (58-88) 70 (58-87) 0.083
Male 16 29 0.0021
Smoking history

Never/former or current 16/15 6/26 0.0068
Respiratory symptoms

Cough 19 16 037

Dyspnea 12 18 0.16

None 9 6 0.34
Serological testing

LDH, U/L 2255+ 649 2362 +45.1 035

KL-6, IU/mL 1298 +914.8 1341 £ 8535 0.73
Treatment

None 2 (6.5) 0 (0.0)

Immunosuppressive agents 28 (90.0) 0 (0.0)

Antifibrotic agents 132 32 (100.0)

nintedanib nintedanib n =14

300 mg/day

300 mg/day n=4
200 mg/day n=10
pirfenidone n=18
1800 mg/day n=3
1200 mg/day n=11
600 mg/day n=4

Data are presented as n, median (range), mean * standard deviation, or n (%)

MPO-ANCA nephritis myeloperoxidase anti-neutrophil cytoplasmic antibody-related nephritis, UIP usual interstitial pneumonia, IPF idiopathic pulmonary fibrosis,

LDH lactate dehydrogenase, KL-6 Krebs von den Lungen-6

Table 3 Renal findings in patients with MPO-ANCA nephritis
with a UIP pattern

MPO-ANCA nephritis with UIP pattern (n =31)

Disease phenotype

MPA / GPA 30/1
Renal function
eGFR, mL/min/1.73 m 34.1£243
Serum creatinine, mg/dL 266+ 241
Urinalysis findings
Semi-quantitative urinary protein, =/ 14+ /2+/3+ 13/5/10/3
Urinary occult blood, — / 1+ / 2+ / 3+ 2/8/3/18
Urinary protein/creatinine ratio, <0.5/ 205g/gCr 15/ 16
Undergoing dialysis 8

Data are presented as number of patients or mean * standard deviation
MPO-ANCA nephritis myeloperoxidase anti-neutrophil cytoplasmic antibody-
related nephritis, MPA microscopic polyangiitis, GPA granulomatosis with
polyangiitis, UIP usual interstitial pneumonia, eGFR estimated glomerular
filtration rate

follow-up period. Causes of death in both groups are sum-
marized in Table 4. There was an obvious difference in
the causes of death between the two groups. Among the
patients with MPO-ANCA nephritis with a UIP pattern,
about half of the deceased patients (n =8) had died of
non-respiratory causes. In contrast, among the patients
with IPF, 92% of the deceased patients (n = 12) had died
of respiratory causes. Acute exacerbation (38%) and re-
spiratory failure (38%) were the two major causes of death
in patients with IPF. Notably, four patients with MPO-
ANCA nephritis with a UIP pattern but none with IPF
had died of alveolar hemorrhage.

Discussion

Some excellent studies have addressed the clinical fea-
tures, including the prognosis of pulmonary fibrosis, in
patients with serum MPO-ANCA positivity [10, 14].
These studies showed that the prognosis of MPO-
ANCA-positive pulmonary fibrosis was worse than that
of ANCA-negative pulmonary fibrosis associated with
other collagen vascular diseases. However, few studies
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Fig. 4 Kaplan—-Meier distribution of survival rates in patients with MPO-ANCA nephritis with a UIP pattern versus those with IPF. MPO-ANCA,
myeloperoxidase anti-neutrophil cytoplasmic antibody-related nephritis; UIP, usual interstitial pneumonia; N.S., no significant difference

have focused on the development of pulmonary fibrosis
in patients with MPO-ANCA nephritis. A previous re-
view showed that pulmonary fibrosis in patients with
MPA and GPA exhibits various HRCT patterns, includ-
ing the typical UIP pattern with honeycombing in the
basal lung (most common, 47%), a combined pulmonary
fibrosis and emphysema pattern, and a fibrotic nonspe-
cific interstitial pneumonia pattern [15, 16]. Hosoda
et al. [17] reported that the clinical features of MPO-
ANCA -positive UIP without any overt collagen diseases
were distinguishable from the clinical features of IPF.
Thus, the present study, which is the first study to eluci-
date the prognosis of a UIP pattern of pulmonary

fibrosis in patients with MPO-ANCA nephritis, may
have clinical relevance.

Tzelepis et al. [18] reported that the overall survival of
patients with MPO-ANCA nephritis with pulmonary
fibrosis was 72 months, which is more favorable than in
the present study. However, their study included pul-
monary fibrosis with various chest CT patterns, not only
a UIP pattern. In addition, they included younger pa-
tients than in our study. Conversely, the median survival
time of patients with IPF in the present study was 55.8
months, which is more favorable than previously re-
ported in Japan [19] and Western countries [20-23].
Notably, our patients with IPF had been treated with
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Fig. 5 Comparison of annual decline rate of lung volume from baseline calculated from three-dimensional computed tomography data between
patients with MPO-ANCA nephritis with a UIP pattern and IPF. (@) Net lung volume decline and (b) percent lung volume decline. MPO-ANCA,
myeloperoxidase anti-neutrophil cytoplasmic antibody-related nephritis; UIP, usual interstitial pneumonia; IPF, idiopathic pulmonary fibrosis
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Table 4 Causes of death in patients with MPO-ANCA nephritis with a UIP pattern and patients with IPF

MPO-ANCA nephritis with IPF (n =32)
UIP pattern (n=31)
Number of deaths 17 13
Cause of death
Respiratory-related death 9 (53) 12 (92)
Acute exacerbation 2 5
Chronic respiratory failure 1 5
Pneumonia 1 0
Pneumothorax 1 2
Alveolar hemorrhage 4 0
Non-respiratory-related death 8 (47) 1(8)
Sepsis 3 0
Cardiovascular disease 4 1
Others 19 0

Data are presented as n or n (%)
#Ovarian cancer

MPO-ANCA nephritis myeloperoxidase anti-neutrophil cytoplasmic antibody-related nepbhritis, UIP usual interstitial pneumonia, IPF idiopathic pulmonary fibrosis

antifibrotic agents (nintedanib or pirfenidone). These
previous articles were published before these antifibrotic
agents had been introduced to daily clinical practice. Al-
though there is no clear evidence that antifibrotic agents
improve the survival of patients with IPF, some research
has shown that pirfenidone might reduce mortality and
improve life expectancy compared with best supportive
care [24, 25]. We speculate that our patients with IPF
might have had a more favorable prognosis because they
had all received either pirfenidone or nintedanib. Our
study showed that MPO-ANCA nephritis with a UIP
pattern might have a poor prognosis similar to that of
IPF under the appropriate therapy for each type of dis-
ease (anti-inflammatory therapy for MPO-ANCA neph-
ritis and antifibrotic therapy for IPF).

Although our study showed no significant difference
in prognosis, we found a striking difference in the
causes of death between MPO-ANCA nephritis with a
UIP pattern and IPF. Among patients with IPF, 92% of
deaths were respiratory-related. These results are con-
sistent with those of an epidemiologic study of Japa-
nese patients with IPF [19]. In contrast, in patients
with MPO-ANCA nephritis with a UIP pattern, deaths
were more frequently related to anti-immune therapy
(infectious complication) or vasculitis itself (alveolar
hemorrhage and perhaps cardiovascular disease). Intri-
guingly, though the decline in lung volume and median
survival time were similar between the two groups in
this study, the causes of death were different. This
might indicate that the respiratory impairment in
patients with IPF may not be caused only by low vital
capacity; other factors (impairment of diffusion cap-
acity or acute exacerbation) may also have a significant
prognostic influence.

In this study, we used 3D CT reconstruction data of
the whole lung to evaluate the annual decline in lung
volume. Because this study was a retrospective analysis
of data from patients with nephritis (most patients
were followed up mainly in the nephrology depart-
ment), spirometry data obtained through regular
follow-up were not available. Iwano et al. [26] reported
that lung volume calculated using 3D CT volumetry
was well correlated with lung volume measured using
spirometry. Because the decline of vital capacity in
spirometry is an important prognostic factor in pa-
tients with IPF, we substituted the decline in lung vol-
ume calculated from 3D CT for the spirometric
decline in vital capacity. Although further studies are
needed to confirm the reliability, we believe that lung
volume data calculated from CT images could be use-
ful for evaluation of pulmonary restrictive impairment.

This study has some limitations. First, this was a
single-center retrospective study involving a small num-
ber of patients. Second, we were unable to analyze pul-
monary function test data. Thus, the decline in the true
vital capacity and diffusion capacity could not be evalu-
ated in this study. In addition, we cannot rule out the
possibility that the decline in vital capacity calculated
from reconstructed 3D lung images might have been in-
fluenced by timing or the time interval in which chest
CT was performed. Finally, we selected patients with
MPO-ANCA nephritis with a UIP pattern only by
HRCT findings, not pathological findings. In addition,
we did not include patients in whom pulmonary fibrosis
preceded the onset of nephritis. The time interval be-
tween the nephritis diagnosis and initial consultation
with the pulmonologist depended on the individual
nephrologist, but the mean interval between diagnosis of
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nephritis and diagnosis of UIP (lung fibrosis) was 18
months. The patients with ANCA-nephritis UIP in our
study might thus have had relatively advanced disease
and we might have excluded more patients with mild or
early-stage fibrosis with a UIP pattern from the patients
with ANCA nephritis. Further multicenter prospective
studies with large numbers of patients are needed to
fully elucidate the clinical characteristics of MPO-ANCA
nephritis with a UIP pattern.

Conclusions

The prognosis of MPO-ANCA nephritis with a UIP pat-
tern is poor and equivalent to that of IPF treated with
antifibrotic agents. The lung volume reduction rate
might be equivalent in both diseases. However, accord-
ing to the present study, non-respiratory events are the
cause of death in nearly half of patients with MPO-
ANCA nephritis with a UIP pattern, whereas respiratory
events are the cause of death in most patients with IPF.
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