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A B S T R A C T   

The association between MPO-ANCA-associated vasculitis (AAV) and interstitial lung disease (ILD) has been well 
established. Pulmonary fibrosis may coexist with, follow, or even precede the diagnosis of AAV, and its presence 
adversely affects the prognosis. The optimal approach to investigating ANCA in patients with ILD remains a 
subject of ongoing debate. Here we aim to describe presentation and progression of MPO-ANCA ILD. We con
ducted a retrospective evaluation of a cohort of individuals diagnosed with MPO-ANCA ILD, with or without 
accompanying renal impairment, at the Immunology and Cell Therapy Unit, Careggi University Hospital, Flor
ence, Italy, between June 2016 and June 2022. Clinical records, imaging studies, pathologic examinations, and 
laboratory test results were collected. Among the 14 patients identified with MPO-ANCA ILD, we observed a 
significant association between MPO-ANCA titers assessed at the time of ILD diagnosis and renal involvement. 
Renal impairment in these cases often manifested as subclinical or slowly progressive kidney damage. Inter
estingly, complement C3 deposits were consistently found in all renal biopsy specimens, thereby suggesting the 
potential for novel therapeutic targets in managing renal complications associated with MPO-ANCA ILD. The 
presentation of MPO-ANCA vasculitis as ILD can be the first and only clinical manifestation. MPO-ANCA levels at 
ILD diagnosis could warn on the progression to renal involvement in patients with MPO-ANCA ILD, hence 
caution is needed because renal disease can be subclinical or smoldering.   

1. Introduction 

Anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis 
(AAV) is a heterogeneous group of multiorgan autoimmune vasculitides 
affecting small vessels and includes three distinct syndromes: micro
scopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA), and 
eosinophilic granulomatosis with polyangiitis (EGPA) [1,2]. ANCA are 
autoantibodies that target specific antigens found in the cytoplasmic 
granules of neutrophils and lysosomes of monocytes. They commonly 

recognize leukocyte proteinase 3 (PR3-ANCA) or myeloperoxidase 
(MPO-ANCA) [3]. Epidemiologic, clinical, and genetic findings suggest 
that AAV should be re-classified as MPO-positive AAV, PR3-positive 
AAV, and with regards of EGPA, accordingly to the presence or 
absence of MPO-ANCA [4,5]. Lung involvement is a common clinical 
feature of AAV, often presenting as dry cough, shortness of breath, 
wheezing, or hemoptysis and including necrotizing granulomatous 
inflammation, tracheobronchial inflammation, pulmonary capillaritis 
leading to diffuse alveolar hemorrhage, asthma, and interstitial lung 
disease (ILD) [6–8]. The association between AAV, almost exclusively 
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MPO-AAV, and ILD has been known since at least 1990 and it has been 
increasingly recognized [9–13]. Pulmonary fibrosis may coexist, follow, 
or even precede the diagnosis of overt AAV and has negative impact on 
long-term prognosis [14–16]. Additionally, patients with ILD and 
ANCA-positivity without signs of systemic vasculitis have been reported, 
as well as patients that turn ANCA positive over the course of ILD. 
Clinical features compatible with MPA diagnosis develop in up to 25% 
MPO-ANCA-positive patients whose ILD was initially classified as idio
pathic pulmonary fibrosis (IPF) [17–20]. However, there is still debate 
over whether ANCA should be investigated systematically or on a 
case-by-case basis in the evaluation of patients with suspected IPF 
[21–29]. The spectrum of ANCA-associated ILD, particularly 
MPO-ANCA ILD, and the extent of immune dysregulation thus remain 
subjects that require further elucidation. Characterization of patients 
with MPO-ANCA ILD is essential to improve the diagnostic process and 
decide the most appropriate timing and type of treatment for these pa
tients. Herein, we report on a cohort of patients with MPO-ANCA ILD 
who were followed at a single medical center, and we describe the 
presentation and progression of the disease. 

2. Methods 

2.1. Study population 

This is a retrospective longitudinal monocentric cohort study. We 
retrospectively investigated all adult patients admitted at the Immu
nology and Cell Therapy Unit, Careggi University Hospital, Florence, 
Italy from June 2016 to June 2022 who were diagnosed as having ILD 
and positive ANCA testing. Last follow-up date was the latest available 
up to January 2024. In the context of the local multidisciplinary group 
for ILD, the Immunology and Cell Therapy Unit is dedicated to classi
fication and management of adult patients with ILD and an underlying 
or suspected immunologic cause. 

2.2. Data collection 

Clinical data, laboratory tests, imaging studies, histopathological 
examinations, treatments, and outcome were retrospectively extracted 
from electronic medical records. Patient demographic characteristics, 
age at onset of pulmonary symptoms and, if present, of renal manifes
tations, and the time interval between lung and kidney involvement 
were evaluated. ANCA were detected by indirect immunofluorescence 
technique (IIF) using a commercial kit (EUROIMMUN, Lübeck, Ger
many); serum anti-MPO and anti-PR3 IgG antibodies were measured 
using a commercial fluorescence enzyme immunoassay (EliA, Phadia, 
Termo Fisher Scientific, Waltham, Massachusetts, United States). ANCA 
detection (IIF/FEIA) was performed at ILD diagnosis. The presence of 
ILD was assessed by chest high-resolution computed tomography 

(HRCT) scans. Lung and kidney biopsy specimens, when available, were 
retrieved and reviewed. Renal involvement was defined as the presence 
of glomerulonephritis on kidney biopsy specimens and/or laboratory 
tests alterations suggestive of kidney damage, irrespective of the time of 
ILD diagnosis. Direct immunofluorescence was performed on fresh 
frozen renal biopsy specimens. The intensity of immunostaining was 
scored as negative (− ), weak (±), mild (1+), moderate (2+), and strong 
(3+) [30]. 

2.3. Statistical analysis 

Continuous variables are expressed as median and interquartile 
range (IQR) or mean and standard deviation (SD), while categorical 
variables expressed as number (%). Mann-Whitney U test was used to 
assess variations in continuous variables. p value less than 0.05 was 
considered statistically significant. Data were analyzed using OriginPro, 
Version 95E (OriginLab Corporation, Northampton, MA, USA). 

3. Results 

3.1. Patient characteristics 

Over a six-year period from June 2016 to June 2022, a total of 14 
patients with ILD and positive ANCA were diagnosed at the Immunology 
and Cell Therapy Unit, Careggi University Hospital in Florence, Italy 
(Table 1 and Supplementary Table 1). Out of these patients, 8 were fe
male (aged 70.5 years, IQR 59.5–73.5), while 6 were male (aged 63.5 
years, IQR 56.3–70.8). The difference in age between the two genders 
was not found to be statistically significant (p = 0.366). Among the 
patients, 79% were ex-smokers, with an average smoking history of 19 
pack-years (Table 1). Three patients (21%) had a positive family history 
of fibrotic lung disease. Notably, two of these patients also presented 
with premature graying of hair. All patients showed IIF-ANCA peri
nuclear pattern (P-ANCA) at diagnosis (Fig. 1). Anti-MPO antibodies 
were present in all the cases with a median titer at ILD diagnosis of 34.5 
UI/mL (IQR 11–111). 

3.2. Pulmonary involvement 

Exertional dyspnea (10/14, 71%), dry cough (7/14, 50%) which was 

Abbreviations 

AAV ANCA-associated vasculitis 
ANCA Anti-neutrophil cytoplasmic antibody 
EGPA Eosinophilic granulomatosis with polyangiitis 
GPA Granulomatosis with polyangiitis 
HRCT high-resolution computed tomography 
ILD Interstitial lung disease 
IPF Idiopathic pulmonary fibrosis 
MPA Microscopic polyangiitis 
MPO Myeloperoxidase 
NSIP non-specific interstitial pneumonia 
UIP usual interstitial pneumonia 
PR3 Proteinase 3  

Table 1 
Demographic and clinical characteristics of 14 patients with MPO-ANCA ILD.  

Variable n (%) 

Gender, n (%) – 
Male 6 (43%) 
Female 8 (57%) 

Ethnicity, n (%) – 
Caucasian 14 (100%) 

Smoking history, n (%) – 
No smokers 3 (21%) 
Previous smokers (pack-years, mean ± SD) 11 (79%) (19 ± 17) 
Active smokers 0 

Exposure history, n (%) 2 (14%)a 

Age at first immunology visit, yrs (mean ± SD) 66 ± 8 
Age at pulmonary symptoms/signs onset, yrs (mean ± SD) 62 ± 9 
Pulmonary symptoms at onset, n (%) –  
- Dyspnea 10 (71%)  
- Dry cough 7 (50%)  
- Dyspnea + dry cough 5 (36%)  
- Incidental finding 2 (14%) 
HRCT pattern, n (%) –  
- UIP 8 (57%)  
- Possible UIP 1 (7%)  
- NSIP 3 (21%)  
- Bronchiolitis 2 (14%) 
Age at renal symptoms/signs onset, yrs (mean ± SD) 65 ± 6 
Renal involvement, n (%) 8 (57%)  

a Asbestos, parrots. 
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frequently associated with dyspnea (5/7, 71%) were the most common 
presentations of ILD. Incidental lung abnormalities on imaging were 
only found in 2 patients. One case was identified during a screening 
chest imaging procedure prompted by a family history of IPF, while the 
other was detected after a CT scan of the abdomen performed for a 
complaint of lower back pain. The age at onset of pulmonary manifes
tations was 66 years (IQR 54–69), 60 years (IQR 51–68) for males and 67 
years (IQR 55–70) for females. HRCT findings were consistent with 
usual interstitial pneumonia (UIP) pattern in the majority of cases, 
specifically 57% (8/14). Non-specific interstitial pneumonia (NSIP) was 
observed in 3 cases, a possible UIP pattern in 1 case, and bronchiolitis in 
2 cases (Table 1). Lung biopsies were performed in three patients to 
assess the specific pattern of the disease and revealed in one case (Pa
tient 5) a generally preserved pulmonary architecture, alternating 
normal lung tissue areas to fibrotic thickening of the interstitium, often 
accompanied by an inflammatory infiltrate mainly composed of lym
phocytes and plasma cells compatible with a final diagnosis of NSIP. In 
Patient 13 the histologic examination of the bronchial mucosa and lung 
parenchyma showed a lymphoid infiltrate, diffusely and perivascularly 
distributed, comprising both B and T cells, along with numerous poly
clonal plasma cells. No evidence of granulomas or features indicative of 
leukocytoclastic vasculitis were observed. In contrast, in Patient 14 non- 
necrotizing granulomatous inflammation of the bronchial mucosa and 
lung parenchyma associated with an intense mixed-type inflammatory 
infiltrate mainly involving the lung interstitium was revealed. The final 
diagnosis has been made on the basis of the histopathology pattern. 

3.3. Renal involvement 

More than one half of the MPO-ANCA-positive patients (8/14 cases) 
developed renal involvement. The median age at onset of renal mani
festations was 68 years (IQR 61–70), 68 (IQR 58–70) for males and 66 
(IQR 59–70) for females. Renal manifestations more frequently occurred 
after pulmonary symptom onset (75%, 6/8 cases) than concomitantly 
(12.5%, 1/8 cases) or before (12.5%, 1/8 cases). The interval between 
the pulmonary symptom onset and the appearance of renal manifesta
tions, ranged from 13 to 125 months, with a median of 38 months (IQR 
22–60). Only in one case out of 8, renal impairment anticipated ILD. 
Urinary manifestations were more commonly non-nephrotic proteinuria 
and hematuria. Six out of the 8 patients with renal involvement un
derwent kidney biopsy. The histological findings were consistent with 
glomerulonephritis, as reported in Supplementary Table 1. Direct 
immunofluorescence of the kidney biopsies revealed the deposition of 
C3 complement in both parietal and capillary regions. The intensity of 
C3 deposition varied, ranging from weak to strong, but it was present in 

all the specimens (Supplementary Table 1). In Fig. 2 immunofluores
cence staining of kidney biopsy samples from two patients with MPO- 
ANCA ILD is presented. 

3.4. High anti-MPO titers associate with renal involvement in MPO- 
ANCA ILD 

Patients with renal involvement had significantly higher MPO-ANCA 
titers at lung disease onset (82 UI/mL, IQR 20.8–382) when compared to 
patients without renal impairment (9.6 UI/mL, IQR 4.6–42.8) (p =
0.016) (Fig. 3). Considering only MPO-ANCA ILD patients that eventu
ally developed kidney disease, median MPO-ANCA titers at lung disease 
onset were 53 UI/mL (IQR 24.5–259.5), without statistically relevant 
difference (p = 0.0828) when compared to subjects without subsequent 
renal disease. Where available, additional evaluations of MPO-ANCA 
titers were retrieved showing reduction over time according to initia
tion of immunosuppressive/immunomodulatory treatment (Fig. 4). 

3.5. Treatment and outcomes 

Patients with renal impairment, in addition to courses of prednisone, 
received mycophenolate mofetil (1000 mg twice daily). Rituximab (two 
initial doses of 1000 mg each, given 2 weeks apart, followed by a third 
dose at month 3, and then every 6 months throughout a 2-year treatment 
cycle) was administered to 4 patients. Anti-fibrotic treatment was used 
in 5 patients (pirfenidone n = 4, nintedanib n = 1). During the follow-up 
period (median 53 months, IQR 40–64), 4 out of 14 patients died of 
respiratory failure (one because of SARS-CoV-2 infection). Deceased 
patients had renal involvement in 50% of cases. A total of 3 patients 
were lost to follow-up. A total of 6 patients with MPO-ANCA ILD did not 
manifest signs of renal involvement at a median follow-up time of 57 
months (IQR 15–61). Notably, 2 out of 6 patients were monitored for a 
duration shorter than the median interval from ILD onset to kidney 
disease manifestation as observed in the subgroup of patients with 
kidney involvement. During the study period, no patient developed GPA 
or EGPA. 

4. Discussion 

The spectrum of MPO-ANCA positive interstitial pneumonia is 
multifaceted, from isolated lung involvement to pulmonary-renal syn
drome. Notably, up to a quarter of ANCA-positive IPF patients will 
eventually develop MPA [17–20,31], highlighting the complex nature of 
MPO-ANCA ILD. MPA typically presents with constitutional symptoms 
and organ-specific manifestations, often with elevated inflammatory 

Fig. 1. ANCA indirect immunofluorescence (IIF) pattern. The serum analysis of a 64-year-old woman with interstitial lung disease and new onset kidney disease 
revealed a peri-nuclear (P)-ANCA pattern on ethanol-fixed granulocytes (A) that shifted into a cytoplasmic pattern on formalin-fixed cells (B). This particular pattern 
is indicative of positive anti-myeloperoxidase (MPO) antibodies. The patient was found to have elevated anti-MPO antibodies titers. EOH: neutrophils fixation in 
ethanol; HCOH: neutrophils fixation in formaldehyde. 
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markers. Renal involvement is common and rapidly progressive 
glomerulonephritis is the major clinical feature of MPA [32,33]. Patients 
with MPO-ANCA ILD have primarily lung involvement. Although UIP 
pattern is the most common imaging finding, as observed in IPF patients, 
other presentations are reported, varying from NSIP to unclassifiable IIP 
[19,31,34,35]. Renal involvement may also occur, but it is 
slowly-progressive and far to be as pronounced as in MPA, so that it can 
be overlooked. In our retrospective study, 57% of MPO-ANCA ILD pa
tients had renal involvement and 50% of those without initial renal 
involvement developed glomerulonephritis diagnosed at a median time 
of 3.2 years after the onset of pulmonary symptoms, with a maximum 

interval of 10 years. This finding holds crucial implications for clinical 
practice. Firstly, it underscores the importance of vigilant monitoring 
and early detection of renal damage, especially in patients initially 
classified as having IPF. In fact, timely identification is of paramounting 
relevance for appropriate management and therapeutic interventions 
before irreversible renal damage occurs. Secondly, in previous guide
lines for diagnosing IPF, ANCA testing was included only when vasculitis 
was suspected [21], but MPO-ANCA ILD tend to present without com
mon signs of vasculitis. Interestingly, an analysis of the World Health 
Organization pharmacovigilance database (VigiBase) found nintedanib 
to be associated with AAV [36]. Actually, it is possible that over
reporting of this association occurred due to misdiagnosis of IPF (treated 
with nintedanib) with unrecognized AAV-ILD at its onset [36]. On the 
other hand, the 2022 ACR/EULAR classification criteria for MPA give 

Fig. 2. Immunofluorescence staining (C3, C4, IgG, IgA, lambda chains) of kidney biopsy samples from two patients with MPO-ANCA ILD. Immune deposits 
of C3 are observed in both patients, with higher intensity in Patient 1 (upper row) compared to Patient 2 (lower row). Patient 1 (upper row) underwent kidney biopsy 
concurrently with the onset of renal function deterioration. The images show immune deposits of C3 with a high intensity (+++), along with deposits of IgG (++), 
IgA (++) and Lambda chains (++), but no C4 deposits. Conversely, Patient 2 (lower row) had a longer history of kidney disease before undergoing the biopsy. In this 
case, predominant interstitial fibrosis was observed on light microscopy, and the direct immunofluorescence staining showed only C3 deposition. 

Fig. 3. Anti-MPO antibodies titers stratified by renal involvement in pa
tients with MPO-ANCA ILD. Anti-MPO antibodies titers (measured in UI/mL 
by a commercial ELISA) were evaluated at the time of ILD diagnosis in patients 
with MPO-ANCA ILD with (n = 8, blue circles) and without (n = 6, orange 
circles) renal involvement. Box plots represent 25th to 75th percentiles. Black 
line inside the box represents the median. Whiskers represent maximum and 
minimum values. *p < 0.05; calculated with Mann-Whitney U test. 

Fig. 4. Longitudinal evaluation of anti-MPO antibodies titers. Where 
available, anti-MPO antibodies titers were retrieved up to 48 months after 
detection at ILD diagnosis in patients with MPO-ANCA ILD with (n = 8, blue 
circles) and without (n = 6, orange circles) renal involvement. 
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relevant weight to ILD with a score of 9, resulting the second strongest 
independent variables for MPA classification [37]. However, it is still 
debated whether MPO-ANCA ILD, without additional organ damage 
associated with AAV besides interstitial pneumonia, should fall under 
AAV. More than half of our patients developed renal disease, mainly 
after pulmonary symptoms onset. Studies in Japan and North America 
also show a progression towards MPA in some MPO-ANCA ILD (from 
22% to 35% of cases) [17,19,20,38]. Nonetheless, the renal involvement 
is far less pronounced compared to MPA. Viewed from the opposite 
perspective, in a cohort of 41 patients with slowly-progressive AAV-re
nal vasculitis, Trivioli et al. showed that 24% had interstitial lung lesions 
[39]. Notably, in 4 patients who had not previously undergone chest 
HRCT, pulmonary fibrosis was found during follow-up [39]. A com
parison of the present study with previously published reports of 
MPO-ANCA ILD patients is summarized in Table 2 [17,19,20,34,35,38, 
40–46]. 

A second interesting point is the significant association between 
higher anti-MPO antibody titers at the onset of pulmonary symptoms 
and the development of kidney disease in patients with MPO-ANCA ILD. 
These findings are consistent with previous studies demonstrating 
significantly higher MPO-ANCA titers in patients with ILD in the context 
of MPA compared to ANCA-positive IPF patients [47] and in patients 
with MPO-AAV who have poor initial renal function and worse renal 
outcomes [48]. MPO-AAV frequently results in severe glomerulone
phritis. In murine models, it has been demonstrated that lower doses of 
MPO-ANCA induce glomerular leukocyte adhesion only after an 
infection-related stimulus, while higher antibody doses can induce it 
independently through alternative adhesion mechanisms [49]. ANCAs 
bind to and prime neutrophils [50]. During their migration through the 
high shear stress glomerular capillary network, neutrophils undergo 
degranulation, releasing NETs [51,52]. This process induces microvas
cular endothelial injury driven by the activation of the complement 
pathway [51]. However, also MPO-ANCA affinity and specificity is 
relevant. Yoshida et al. demonstrated that MPA patients with high af
finity MPO-ANCA mainly presented with rapidly progressive glomeru
lonephritis and histological findings consistent with focal/crescentic 
glomerulonephritis, whereas MPA patients with low affinity MPO-ANCA 
mainly displayed clinical signs of chronic renal failure and mixed/
sclerotic glomerulonephritis [53]. Interestingly, patients with high af
finity antibodies had a significantly higher incidence of NETs compared 
to patients with low affinity antibodies, suggesting that the affinity of 
ANCA is associated with the in vivo formation of NETs [53]. The map
ping of MPO-ANCA epitopes unveiled a substantial number of 
MPO-ANCA/epitope combinations, which have been associated to dis
ease activity, or naturally occurring in healthy subjects [53–57]. Diag
nostic utility of ANCA is well-established, but clinical utility of serial 

ANCA testing remains controversial to monitor disease activity [58]. 
Larger-scale studies are needed to fully establish MPO-ANCA titers as a 
potential prognostic biomarker in patients with MPO-ANCA ILD, but 
serological monitoring might be useful in predicting renal involvement 
in MPO-ANCA ILD patients and of aid in risk stratification. In patients 
with MPO-AAV and glomerulonephritis, it has been recently described 
that persistence or subsequent reappearance of MPO-ANCA is associated 
with a higher risk of relapse, while MPO-ANCA negativity stratifies a low 
risk for relapse even without remission maintenance therapy [59]. 

Finally, we found glomerular and parietal C3 deposits in kidney bi
opsies of MPO-ANCA ILD patients. This challenges the historic view of 
AAV as pauci-immune because of minimal antibody and complement 
deposition in the glomerulus on kidney biopsy [51]. The presence of C3 
deposits have been associated with a worse outcome in ANCA glomer
ulonephritis [60–62] and complement activation, particularly the 
alternative pathway, has emerged as being crucial in the development of 
AAV [63]. Animal studies support these observations, showing that 
anti-MPO IgGs induce kidney damage with C3 deposits [63], while 
complement-depleted mice are protected from kidney damage [64]. C3 
represents the most common complement component found in 
MPO-ANCA-associated glomerulonephritis [60,65–67]. A proteomic 
analysis revealed elevated levels of complement proteins, primarily C3, 
in glomeruli affected by crescents and necrosis when compared to 
normal glomeruli in patients with MPO-ANCA-associated glomerulo
nephritis [68]. Complement-mediated inflammation seems pivotal in 
ANCA glomerulonephritis: the C5 cleavage product C5a acts as an 
anaphylatoxin engaging C5a receptors on neutrophils, promoting their 
activation and chemoattraction [69,70]. C5aR blockade via avacopan – 
an oral small-molecule C5a receptor antagonist – has proven to be 
effective and recently introduced in the treatment of AAV [71–73]. 
Unfortunately, neither circulating immune complexes (CICs) nor soluble 
complement levels were evaluated in our cohort. Nonetheless, no rela
tion between CICs and complement components glomerular deposition 
was found by Hilhorst et al. [66]. 

A common pathogenic sequence in MPO-ANCA ILD could be envis
aged (Fig. 5), involving genetic and environmental factors leading to 
lung damage through neutrophilic inflammation [35], subsequent 
autoimmunity, and fibrosis [74–76]. While C3 deposits are present in 
the kidney, it is unclear if complement-driven inflammation affects 
pulmonary pathogenesis. Avacopan might hold promise if MPO-ANCA 
ILD is complement-mediated. Empirical management approach to pa
tients with MPO-ANCA ILD has been proposed [8,77,78] and there are 
no guidelines, apart from patients with overt MPA [79]. 

This study is limited by the small sample size, which is due to the 
monocentric and observational nature of the study as well as the rarity 
of the condition. Moreover, within the non-kidney involvement 

Table 2 
Baseline characteristics of current patients compared with main series describing MPO-ANCA ILD.  

Country Report, Year [PMID] Patients, n Gender (M/F) Age (median, years) Smoking history UIP pattern on HRCT Renal involvement 

Italy Current case series, 2024 14 6/8 68.5 11 (79%) 8 (57%) 8 (57%) 
Italy Sebastiani, 2021 [34207641] 58 27/31 69 23 (39%) 30 (51.7%) 0 
Japan Yamaguchi, 2021 [34056682] 63 27/36 76 30 (48%) na 34 (54%) 
US Liu, 2019 [31181198] 18 6/12 67.5 na na 3 (17%) 
US Baqir, 2019 [ 32476954] 18 10/8 58 10 (56%) 4 (22%) na 
Japan Hozumi, 2018 [29928060] 15 12/3 68 13 (87%) 9 (60%) 6 (40%) 
Japan Hosoda, 2016 [26994375] 12 8/4 65.2 6 (50%) 12 (100%) 3 (25%) 
Japan Kagiyama, 2015 [25593704] 20 11/9 71 11 (55%) na 6 (30%) 
Argentina Fernandez Casares, 2015 [24863847] 9 5/4 64 7 (78%) 6 (66%) 6 (66%) 
China Huang, 2014 [24468083] 19 8/11 66 na 19 (100%)b 12 (63%) 
Japan Ando, 2013 [23434037] 9 9/0 69 9 (100%) 9 (100%)b 2 (22%) 
UK Arulkumaran, 2011 [21873269] 14 10/4 67.5 10 (71%) 8 (57%) 14 (100%) 
France Hervier, 2009 [18957485] 12 9/3 70.5 8 (67%) 6 (50%)a 8 (67%) 
France Foulon, 2008 [18640019] 6 6/0 65.5 4 (67%) na 4 (67%) 

Na denotes not available. 
a Data not available for all patients. 
b Includes possible UIP pattern. 
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subgroup, some patients were monitored for a duration shorter than the 
median interval from ILD onset to kidney disease manifestation as 
observed in the kidney subgroup. 

In conclusion, our findings, though from a case-series, align with 
prior observations, highlighting the diverse spectrum of MPO-ANCA 
ILD. The role of MPO-ANCA in the pathogenesis of ILD is still a sub
ject of ongoing discussion. However, their presence strongly indicates a 
potential pathogenetic pulmonary-renal continuum, with higher levels 
at ILD diagnosis associated with subsequent kidney disease. Further 
research is needed to better understand the underlying pathogenic 
mechanisms and implications of MPO-ANCA in the context of MPO- 
ANCA ILD and its associated renal involvement. 
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Fig. 5. Potential pathogenesis and clinical spectrum of patients with MPO-ANCA ILD. Genetic and environmental factors may contribute to susceptibility. Lung 
damage may result from endothelial inflammation, oxidative stress, and chronic inflammation leading to fibrosis. Autoimmunity arises due to loss of T and B cell 
tolerance, with B cells producing ANCA targeting neutrophils. This activates neutrophils, causing vessel damage. It is not known whether MPO-ANCA are needed for 
pulmonary damage. It could be hypothesized that the immune response originates in the lung, then autoantibodies are directly pathogenic in the kidney. Conse
quently, there is a linear correlation between kidney damage and antibody titer. Clinical spectrum ranges from isolated fibrotic lung disease to AAV-associated ILD 
with varying degrees of renal involvement. Therapeutic strategies include immunosuppression and anti-fibrotic treatments. (Illustration created with BioR 
ender.com). 
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