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Abstract
Objective
To explore the frequency and impact of an autoimmune disease past-medical history (PMH) in the clinical picture and
outcomes of patients with antineutrophil cytoplasmic autoantibodies (ANCA) associated vasculitis (AAV).

Methods
This was a retrospective study of patients with biopsy-proven AAV, >16 years old, with detailed information about their
PMH. Outcomes of interest included remission, treatment resistance, relapse, end-stage kidney disease (ESKD), and death.

Results
206 patients with biopsy-proven AAV and available information regarding their PMH were studied. 63(30.6%) of them
had a history of autoimmune disease prior to AAV diagnosis. The mean age overall was 54.1 years. One hundred and
five patients (51%) were positive for PR3-ANCA, 101 (49%) for MPO-ANCA. Granulomatosis with polyangiitis was
diagnosed in 79 (38.3%), microscopic polyangiitis in 97 (47.1%) and renal-limited vasculitis in 30 (14.6%) individuals.
Remission rate was similar among patients with and without a PMH of autoimmune disease. Time-to-event analysis
indicated that the relapse-free survival was significantly longer in patients with PMH of autoimmune disease (148.2 vs.
61.9 months, p-value <0.001). After adjusting for covariates, autoimmune disease history was associated with
significantly lower risk of relapse (HR: 0.33, 95% CI: 0.15-0.72), which remained significant in males, patients
=60 years old and those with C/PR3-ANCA, kidney and lung involvement.

Conclusion
Patients with a PMH of autoimmune disease, prior to AAV diagnosis, experienced significantly fewer relapses after
achievement of remission, compared to patients without such a history, underlining the importance of individualisation
of maintenance immunosuppressive therapy, given the different aetiopathogenetic settings the disease was developed.
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Introduction

Anti-neutrophil cytoplasmic antibodies
(ANCA)-associated vasculitides (AAV)
is a group of diseases characterised by
necrotising vasculitis, absence or pau-
city of immune deposits, and predomi-
nant involvement of small vessels, that
is, capillaries, venules, arterioles, and
small arteries (1-2). The clinical phe-
notype of the disease includes granu-
lomatosis with polyangiitis (GPA),
microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with poly-
angiitis (EGPA) (3). The vast majority
of patients are positive for antineutro-
phil cytoplasmic antibodies (ANCAs),
which are autoantibodies specific for
antigens located in the cytoplasmic
granules of neutrophils and lysosomes
of monocytes (3) and targeting two ma-
jor autoantigens i.e. myeloperoxidase
(MPO) and proteinase 3 (PR3). Be-
yond its diagnostic importance, clini-
cal, animal model, and in vitro experi-
mental evidence suggests that ANCAs
are pathogenic (4). Current knowledge
regarding the pathogenesis of AAV,
although not complete, has been en-
hanced significantly through the last
two decades, pointing to a multifaceted
process involving infections, genetic
influences, environmental exposures,
and abnormalities of the innate and ac-
quired immune system (5-11). Besides,
there are individuals and/or families
with a certain propensity to autoim-
munity (12), which is reflected in ex-
periencing more than one autoimmune
disorder during their life. This phenom-
enon is believed to be a result of the fact
that autoimmune diseases may share a
common background, including ge-
netic, hormonal, environmental and im-
mune system defects (12-13). Clinical
experience has shown that a proportion
of AAV patients report a PMH of an-
other autoimmune disorder at the time
of AAV diagnosis. We aimed to explore
the frequency of a PMH of autoimmun-
ity in these patients, and its impact, if
any, in the clinical picture and treatment
outcomes of vasculitis.

Patients and methods

Study population and definitions
Patients with AAV, diagnosed between
1991 and 2019, were studied retrospec-

tively. All included patients were 16
years old or older, had-biopsy proven
AAV at any organ/tissue, with available
and precise information regarding their
PMH prior to diagnosis of vasculitis.
Also, included patients were required
to have a minimum follow up time of
1 year to be included in the analysis of
outcome. Patients with renal involve-
ment were required to have a mini-
mum of ten glomeruli in the diagnos-
tic kidney biopsy to be included in the
evaluation of renal histopathology. Ac-
cordingly, exclusion criteria were lack
of information regarding the PMH,
insufficient follow-up data, diagnosis
of EGPA, and non-compliance issues.
The observation period lasted from the
date of AAV diagnosis until end-stage
kidney disease (ESKD) i.e. initiation
of chronic dialysis, or death or the last
visit to the nephrology clinic.

All patients were tested for ANCA by
immunofluorescence or ELISA (14) or
both. Clinical phenotypes of AAV were
assigned according to the Chapel Hill
vasculitides nomenclature consensus
conference (15). Thus, a diagnosis of
GPA was defined by the presence of ne-
crotising granulomatous inflammation
in any tissue by histopathology, or by
documentation of pauci-immune vascu-
litis at any organ/system in combination
with imaging studies showing pulmo-
nary nodules or cavities (non-infectious)
and/or bony erosions, and/or subglottic
stenosis in the upper respiratory tract
(2). Accordingly, EGPA was defined by
the presence of the triad asthma, eosino-
philia, and necrotising granulomatous
inflammation. Microscopic polyangiitis
(MPA) was defined by systemic necro-
tising small-vessel vasculitis without
evidence of granulomatous inflamma-
tion or asthma (2). Patients with a PMH
of autoimmune disease, either organoid
or systemic, were grouped together
since both types have been associated
with AAV in the literature.

Organ involvement of AAV

Organ involvement was defined ac-
cording to previously described criteria
(2); extra renal manifestations of AAV
included pulmonary involvement de-
fined by the presence of haemoptysis,
pulmonary haemorrhage, respiratory
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failure or radiographic proof of infil-
trates in the absence of any infectious
aetiology. Upper respiratory tract in-
volvement was defined by clinical or
radiographic evidence of sinusitis, the
presence of ulcers of the nasal passages,
with or without epistaxis, or otitis me-
dia. Skin vasculitis was inferred when
a typical purpuric rash with or without
ulceration was present. Gastrointesti-
nal involvement included abdominal
pain and/or gastrointestinal bleeding.
Neurological involvement included sei-
zures or multifocal neural deficit (2).
Patients with upper respiratory tract in-
volvement were not considered to have
EGPA if there was no evidence of in-
vasive bony disease or granulomatous
inflammation. Involvement of the joints
was defined by arthritis. Patients with
necrotising granulomatous inflamma-
tion at any site, i.e. the respiratory tract,
nodular or cavitary lesions on chest im-
aging studies or significant facial bone
erosion, or mass lesion in the sinuses
were considered to have EGPA.

Treatment for AAV

In patients with GPA or MPA who had
organ- or life-threatening disease, an
induction regimen consisting of gluco-
corticoids in combination with cyclo-
phosphamide was initiated. The regi-
mens which were employed included
IV cyclophosphamide (0.5-1 g/m?
body surface area in a monthly basis) or
cyclophosphamide orally (1.5-2 mg/kg
per day) with appropriate dose reduc-
tions made in older adults and patients
with impaired kidney function. Thera-
py was continued until a stable remis-
sion was induced, which was typically
achieved within three to six months.
The white blood cell count was closely
monitored (e.g. weekly), and the cy-
clophosphamide dose was adjusted to
avoid leukopenia. When using inter-
mittent pulses of cyclophosphamide,
we administered either mercaptoethane
sulfonate or intensive hydration iv to
prevent cystitis. If a rituximab-based
regimen was selected,lg of rituximab
was administered followed 14 days
later by another 1 g dose) or 375 mg/
m? per week for four weeks was used.
Selection of cyclophosphamide versus
rituximab as induction therapy was
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Table I. Demographics and baseline characteristics of AAV patients with and without a past
medical history of autoimmune disease at diagnosis of vasculitis.

Characteristics Overall Autoimmune  No. Autoimmune p-value
(n=206) PMH (n=63) PMH (n=143)
Age (years) 54.1+16.6 55.6+15.6 554 +169 0.372
Sex (male) 115 (55.8%) 28 (44.4%) 87 (60.8%) 0.042
ANCA type
C/PR3 105 (51.0%) 26 (41.3%) 79 (552%) 0.090
P/MPO 101 (49.0%) 37 (58.7%) 64 (44.8%)
Clinical phenotype
Granulomatosis with polyangiitis 79 (38.3%) 17 (27.0%) 62 (43.4%) 0.073
Microscopic polyangiitis 97 (47.1%) 34 (54.0%) 63 (44.1%)
Renal limited vasculitis 30 (14.6%) 12 (19.0%) 18 (12.5%)
Organ involvement
Kidney 158 (76.7%) 52 (82.5%) 106 (74.1%) 0.267
Lung 92 (44.7%) 24 (38.1%) 68 (47.6%) 0.494
Ear, nose & throat 58 (28.2 %) 14 (22.2%) 44 (30.8%) 0.579
Eye 12 (5.8%) 5 (71.9%) 7 (4.9%) 0.320
Skin 51 (24.8%) 9 (14.3%) 42 (29.4%) 0.045
Acute dialysis requirement 22 (10.7%) 11 (17.5%) 11 (7.7%) 0.021
Baseline serum creatinine (mg/dl) 0.8 [0.7-1.0] 0.8 [0.7-1.1] 0.9 [0.7-1.0] 0.990
Serum creatinine at biopsy (mg/dl) 1.9 [1.1-3.9] 2.4 [1.0-4.5] 1.7 [1.2-3.6] 0.465
eGFR at biopsy (ml/min/1.73 m?)  33.3 [12.8-58.6] 224 [11.2-57.1] 34.4 [14.0-58.6] 0.272
BVAS at biopsy 15 [12-20] 14.5 [12-18.5] 15 [12-20] 0.294

PMH: past medical history; ANCA: anti-neutrophil cytoplasmic antibody; PR3: proteinase-3; MPO:
myeloperoxidase; eGFR: estimated glomerular filtration rate; BVAS: Birmingham Vasculitis Activity

Score.

based on the severity of the disease as
said above. Oral glucocorticoid thera-
py was typically started at 1 mg/kg per
day (maximum of 80 mg/day of oral
prednisone) for most patients with or-
gan- or life-threatening disease. Pulses
methyl-prednisone (7 mg/kg to a maxi-
mum dose of 1000 mg/day for 3 con-
secutive days) were given to patients
presenting with manifestations such
as rapidly progressive glomerulone-
phritis, pulmonary haemorrhage, mon-
oneuritis multiplex, or optic neuritis.
Daily oral glucocorticoids were started
after the IV therapy. Plasma exchange
was applied in patients with pulmonary
haemorrhage and/or rapidly progres-
sive glomerulonephritis with acute
dialysis initiation around diagnosis. If
plasma exchange was used, 6-7 ses-
sions were performed over two weeks
(60 mL/kg at each session). Fresh fro-
zen plasma and albumin was used as
replacement fluid. For patients with
active haemorrhage, the replacement
fluid was exclusively fresh frozen plas-
ma. Maintenance therapy consisted of
azathioprine (1.5-2 mg per kg of body
weight) or mycophenolate mofetil (2
g per day). Patients who experienced

more than one relapse received rituxi-
mab as maintenance therapy.

Treatment outcome of AAV

Outcomes of interest included treat-
ment resistance, remission, ESKD,
relapse and death. Treatment-resistant
AAV was defined as a progressive de-
cline in kidney function, with persis-
tently active urine sediment, and/or
new or persistent extrarenal vasculitic
manifestations or death attributed to
active vasculitis despite appropriate
therapy (16). Remission was defined
as the stabilisation or improvement of
kidney function, as measured by se-
rum creatinine levels, with resolution
of glomerular haematuria and of all
other vasculitic manifestations. Persis-
tent proteinuria with bland urine sedi-
ment was not considered indicative of
active renal vasculitis. Relapse could
only be recorded among patients who
had achieved remission and was char-
acterised by recurrent or new signs and
symptoms of active vasculitis in any
organ (16). Diagnosis of disease re-
lapse was established by histology of
the related tissue (skin, kidney, upper
respiratory, lung) and exclusion of any
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condition that might mimic vasculitic
symptoms. Yet, escalation of immu-
nosuppressive therapy was typically
associated with significant clinical
improvement in relapsing patients. A
patient was considered to have a posi-
tive PMH of autoimmune disease if he
had received the related diagnosis by
the associated medical specialty or the
primary care physician, based on tissue
biopsy, serological findings and/or im-
aging studies.

Collection of data

Recorded information at diagnosis in-
cluded clinical, laboratory and serolog-
ical variables: demographics, clinical
phenotype, organ-system involvement,
renal indexes i.e. serum creatinine, and
estimated glomerular filtration rate
(eGFR), as well as acute dialysis re-
quirement. Estimated GFR was deter-
mined using the four-variable modifi-
cation of diet in renal disease formula
equation (17) and disease activity was
estimated using the Birmingham Vas-
culitis Score (BVAS) (18). Information
regarding the type and management of
autoimmune disease prior to AAV was
requested. This was a retrospective
observational study, (no interventions
took place), and thus, approval by the
ethics or Institutional Animal Care and
Use Committee that approved was not
required according to the regulations
of our institution. All included patients
had provided written informed consent
for medical chart reviewing.

Evaluation of renal histopathology

Histologic confirmation was based on a
kidney, lung, or upper respiratory tract
biopsy, consistent with pauci-immune
small-vessel vasculitis or glomerulone-
phritis, with or without granulomatous
inflammation. Diagnosis of pauci-im-
mune vasculitis was made by histopa-
thology based on the utilisation of the
combined use of light microscopy and
immunofluorescence parameters at any
tissue and/or by histopathological con-
firmation of necrotising granulomatous
inflammation in any tissue by histol-
ogy. Histopathological evaluation was
performed by an experienced renal pa-
thologist (GL), by review of the data in
diagnostic pathology reports, follow-
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Fig. 1. Relapse-free survival and risk of relapse in patients with and without PMH of autoimmunity.
(A) Kaplan-Meier curves of relapse-free survival among patients with and without PMH of autoim-
mune disease. Dotted lines indicate 95% confidence intervals. (B) Competing risk regression analysis

of relapse in patient subgroups.

PMH: past medical history; AD: autoimmune disease; ANCA: anti-neutrophil cytoplasmic antibodies;
PR3: proteinase-3; MPO: myeloperoxidase; GPA: granulomatosis with polyangiitis; MPA: microscop-
ic polyangiitis; HR: hazard ratio; CI: confidence intervals.

ing a detailed scoring system according
to the concept presented by Lee et al.
(19). Specifically, the number of nor-
mal glomeruli was presented as a per-
centage of the total; grade 4 if <10%,
3if =10 <25%, 2 if =25% <50%, 1 if
250%. Glomerular and tubulointersti-
tial lesions were scored separately, and
as part of the activity index, and chro-

nicity index scores. The activity index
score represented the sum of scores
from 6 categories: glomerular necrosis,
cellular crescents, interstitial leukocyte
infiltration, fibrinoid necrosis in vessel
walls, red blood cell (RBC) cast, and
circumferential crescents. Red blood
cell cast (O for absent, 1 for present).
Circumferential crescent (0 for absent
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Table II. Association of autoimmunity past medical history with relapse-free and dialysis-free survival in patients with AAV.

Outcome Univariate Age & sex-adjusted Multivariate model 1 Multivariate model 2
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Relapse

Composite outcome' 0.30 (0.14-0.64) 0.002* 0.31(0.14-0.65)  0.002* 0.33(0.15-0.72)  0.005* 0.33(0.15-0.72) 0.005*

Competing risk 0.34 (0.16-0.72) 0.004* 0.35(0.16-0.73)  0.005* 0.40 (0.20-0.80)  0.010* 0.42(0.21-0.83) 0.013*

Long-term end-stage renal disease

Composite outcome? 0.79 (0.40-1.56) 0.494 0.76 (0.38-1.51) 0.433 0.65 (0.32-1.32) 0.234 0.63 (0.31-1.27) 0.158

Competing risk 0.94 (0.46-1.92) 0.870 0.91 (0.46-1.82) 0.800 0.79 (0.39-1.61) 0.520 0.74 (0.36-1.54) 0.420

Multivariate model 1 adjusts for age, sex, ANCA type and clinical phenotype and model 2 for age, sex, ANCA type, clinical phenotype, kidney involvement

and lung involvement.

Irelapse or end-stage kidney disease or death; 2ESKD: end-stage kidney disease or death.
*p-value <0.05; HR: hazard ratio; CI: confidence intervals; AAV; ANCA associated vasculitis; PMH; past medical history.

1 for present). Necrosis in the wall of
arterioles, interlobular or arcuate arter-
ies (0, 1, absent/present). The chronic-
ity index score represented the sum of
scores from 4 categories, i.e. global
glomerulosclerosis, interstitial fibrosis,
tubular atrophy and fibrotic crescents/
segmental sclerosis, which were scored
semi-quantitatively from 1 to 3; (grade
1 for 0-25%, grade 2 for 26—-50%, and
grade 3 for >50%) for a maximum of
12 points. Immunofluorescence exami-
nation on frozen tissue was applied in
all cases for immunoglobulins (IgG,
IgA, 1IgM), complement components
(C3 and Clq), Fibrinogen and k and 1
light chains (DAKO FITC, Polyclonal
Rabbit 1/50 dilution). All patients with
renal involvement had biopsy proven
disease (in any tissue), but 100 of them
had a kidney biopsy performed at diag-
nosis of glomerulonephritis and were
eligible to be included in the analysis
regarding of renal histopathology using
the scoring system described above.

Methods

Statistical analysis was conducted in
R-4.0.5 (packages “survival” (20),
“survminer (21) and “cmprsk” (22)].
Statistical significance was defined by a
two-sided p-value below the threshold
of 0.05. The normality of continuous
variables was assessed by the visual in-
spection of histograms and was tested
by the Kolmogorov-Smirnov method
(23). Normally distributed variables
were described by their mean and
standard deviation and were compared
with the Student’s t-fest; otherwise, the
median and interquartile range were
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reported and the Mann-Whitney U-test
was applied (24). Categorical data were
compared with the chi-squared test; in
case its assumptions were not met, the
Fisher’s exact test was implemented
(25). For the outcome of remission, lo-
gistic regression analysis was used to
obtain estimates of odds ratio (OR) and
95% confidence intervals (CI). Both
univariate and multivariate logistic re-
gression models were applied, adjust-
ing for potential confounders (age, sex,
ANCA type, clinical phenotype, kid-
ney and lung involvement).

Time to relapse was evaluated among
patients who have achieved remission.
Competing risk regression analysis
was conducted by considering first-
occurring end-stage renal disease and
death as competing events (26). Com-
peting events should be considered,
as the occurrence of the outcome of
interest may be precluded by other
events, especially in case the exposure
effect may differ among the compet-
ing events and the primary event of
interest. Moreover, the composite out-
come of relapse, ESKD or death was
assessed by Cox proportional hazards
regression analysis. For the analysis
of long-term ESKD, all patients were
included and death was treated as a
competing event. Similarly, compet-
ing risk regression was implemented,
while the composite outcome of ESKD
or death was evaluated by Cox propor-
tional hazards regression analysis. The
plausibility of the proportional hazards
assumption was assessed graphically
and by the Schoenfeld’s global test.
Multivariate models included age, sex

ANCA type, clinical phenotype, kid-
ney and lung involvement. Subgroup
analysis was also performed based on
the above covariates.

The histopathologic parameters were
compared between patients with and
without a PMH of autoimmune dis-
ease. In addition, multivariate Cox pro-
portional hazards regression analysis
was conducted regarding relapse and
dialysis-free survival, by fitting mod-
els including EUVAS class, activity
and chronicity scores. For regression
analyses, missing data were statistically
imputed using the k-nearest neighbour
method.

Results

Description of study population

Of 304 patients with biopsy-proven
AAV at any site, 206 patients (male:
55.9%) satisfied the inclusion criteria.
Excluded patients were as following:
14 were ANCA negative, 61 did not
have any information available regard-
ing their PMH, 19 were followed for
less than one year, and 4 had EGPA.
Of the included patients 63 (30.6%)
reported PMH of any autoimmune dis-
ease prior to AAV diagnosis. Of these,
31 (49.2%) patients had a PMH of au-
toimmune thyroiditis, 16 (25.4%) rheu-
matoid arthritis, 6 (9.5%) psoriasis, 5
(7.9%) Sjogren syndrome, 4 (6.3%)
Crohn disease and 1 (1.6%) sclero-
derma. The mean age of the population
at AAV diagnosis was 54.1 years (SD:
16.6, range: 12-91), while the vast
majority of patients were Caucasians
(98.5%). The mdian time from diagno-
sis of the autoimmune disorder to the
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diagnosis of AAV diagnosis was 5.8
years, range (3.5-11.8).

Furthermore, 105 patients (51.0%)
were positive for PR3-ANCA and 101
(49.0%) for MPO-ANCA. Granuloma-
tosis with polyangiitis was diagnosed in
79 (38.3%), microscopic polyangiitis in
97 (47.1%) and renal limited vasculitis
in 30 (14.6%) individuals. Kidney in-
volvement was present in 158 (76.7%)
and lung involvement in 92 (44.7%)
cases. Table I summarises the baseline
characteristics of the patients; overall,
no significant differences were noted
between patients with and without
PMH of autoimmune disease, with the
exception of sex (p-value=0.042), skin
involvement (p-value: 0.045) and acute
dialysis requirement (p-value: 0.021).
Exposure to immunosuppression prior
to AAV diagnosis was recorded for
patients with a PMH of autoimmun-
ity. Specifically, among patients with
a PMH of autoimmunity, there were
thirteen patients (6.04%) had received
at least one course of glucocorticoids
orally, two patients who had been treat-
ed with methotrexate and one who had
been treated with an anti-tumour ne-
crosis factor monoclonal antibody, for
rheumatoid arthritis or Sjogren’s syn-
drome. All those patients were treated
for rheumatoid arthritis. Yet, three pa-
tients with Graves thyroiditis had re-
ceived propyl-thiouracil for hyperthy-
roidism (1.4%).

Treatment outcomes of AAV
Remission. Remission rate was simi-
lar among patients with and without
PMH of autoimmune disease (87.3%
vs. 85.3%, y? p=1). The difference re-
mained non-significant after adjusting
for age and gender (adjusted OR: 0.97,
95% CI: 0.38-2.33). No significant
change was evident after adding ANCA
type and clinical phenotype (adjusted
OR: 0.84, 95% CI: 0.32-2.06), as well
as kidney and lung involvement (ad-
justed OR: 0.76,95% CI: 0.28-1.88) in
the multivariate model.

Relapse. The composite endpoint of
relapse, ESKD or death was present in
59 cases; of them, 8 (13.6%) reported
a PMH of autoimmune disease (¥
11.478, p<0.001). Time-to-event anal-
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Fig. 2. Dialysis-free survival and risk of ESKD in patients with and without PMH of autoimmunity.
A: Kaplan-Meier curves of dialysis-free survival among patients with and without PMH of auto-
mmune disease. Dotted lines indicate 95% confidence intervals.

B: Competing risk regression analysis of end-stage kidney disease in patient subgroups.

PMH: past medical history; AD: autoimmune disease; ANCA: anti-neutrophil cytoplasmic antibodies;
PR3: proteinase-3; MPO: myeloperoxidase; GPA: granulomatosis with polyangiitis; MPA: microscopic
polyangiitis; HR: hazard ratio; CI: confidence intervals; ESKD: end-stage kidney disease.

ysis indicated that the median relapse-
free survival was significantly longer
in patients with autoimmune disease
history (148.2 vs. 61.9 months, log-
rank p<0.001) (Fig. 1a). No violation
of the proportional hazards assumption
was observed (Schoenfeld’s global test
p=0.510). After adjusting for covari-
ates, autoimmune disease history was
associated with significantly lower risk

of developing the composite outcome
(adjusted HR: 0.33, 95% CI: 0.15—
0.72). Similarly, the competing risk
model demonstrated that patients with
history of autoimmune disease was at
significantly lower risk of relapse (ad-
justed HR: 0.42, 95% CI: 0.21-0.83)
(Table II). Subgroup analysis indicated
that the outcome remained significant
in males, patients =60 years old and
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those with C/PR3 positivity, kidney
and lung involvement (Fig. 1b).

ESKD or death. The composite out-
come of long-term ESKD or death was
observed in 45 patients, 11 of whom
reported history of autoimmune disease
(¥ 0.685, p=0.408). The dialysis-free
survival was estimated to be similar be-
tween the compared groups (log-rank,
p=0.340) (Fig. 1a). The proportional
hazards assumption was not violated
(Schoenfeld’s global test, p=0.810). No
significant dialysis-free survival differ-
ence was noted after adjusting for age,
gender, ANCA type, clinical phenotype,
kidney involvement and lung involve-
ment (adjusted HR: 0.63,95% CI: 0.31-
1.27). Correspondingly, the competing
risk model indicated that the ESKD risk
did not differ between groups (adjusted
HR: 0.74, 95% CI: 0.36-1.54) (Table
IT). Subgroup analysis demonstrated no
significant difference in any subgroup
of sex, age, ANCA type, clinical phe-
notype and lung involvement (Fig. 2b).

Renal histopathology evaluation

Renal histopathological parameters
were evaluated in a sub cohort of 100
patients. Comparison of histopatholog-
ical variables between groups are pre-
sented in Table III. The median activity
score was estimated at 5 (interquartile
range: 4-6.5) and the median chronic-
ity score at 6 (interquartile range: 4 to
8). Classification of patients accord-
ing to the European Vasculitis Society
(EUVAS) schema revealed the follow-
ing: focal in 22 (22%), crescentic in 25
(25%), mixed in 38 (38%) and sclerotic
in 15 (15%) cases. No significant dif-
ferences of histopathological param-
eters were observed among the two
groups, with the exception of an in-
creased frequency of cellular crescents
among patients without history of auto-
immune disease (Table III).

Remission rate was not affected by the
PMH status after adjusting for EUVAS
class, activity and chronicity score. Con-
versely, relapse-free survival remained
significantly longer in patients with
autoimmune disease history after ad-
justing for EUVAS class (adjusted HR:
0.30,95% CI: 0.12-0.76) or for activity
and chronicity score (adjusted HR: 0.31,
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Table III. Histopathologic parameters among AAV patients with and without a past medical history

of autoimmune disease.

Histopathology Overall Autoimmune  No.Autoimmune  p-value
(n=100) PMH (n=34) PMH (n=66)
EUVAS classification

Focal 22 (22%) 10 (29.4%) 12 (18.2%) 0.144

Crescentic 25 (25%) 4 (11.8%) 21 (31.8%)

Mixed 38 (38%) 15 (44.1%) 23 (34.8%)

Sclerotic 15 (15%) 5 (14.7%) 10 (15.2%)

Normal glomeruli

Grade 1 (>50%) 11 (11%) 2 (5.9%) 9 (13.6%) 0313

Grade 2 (25-50%) 27 (27%) 12 (35.3%) 15 (22.7%)

Grade 3 (10-24%) 25 (25%) 10 (29.4%) 15 (22.7%)

Grade 4 (<10%) 37 (37%) 10 (29.4%) 27 (40.9%)

Severe arteriosclerosis 18 (18%) 3 (8.8%) 15 (22.7%) 0.148

Activity
Cellular crescents

None/mild (<25%) 44 (44%) 19 (55.9%) 25 (37.9%) 0.043

Moderate (25-50%) 29 (29%) 11 (32.4%) 18 (27.3%)

Severe (>50%) 27 (27%) 4 (11.8%) 23 (34.8%)
Glomerular necrosis
None/mild (<25%) 71 (71%) 25 (73.5%) 46 (69.7%) 0.318
Moderate (25-50%) 20 (20%) 8 (23.5%) 12 (18.2%)

Severe (>50%) 9 (9%) 1 (2.9%) 8 (12.1%)

Interstitial leucocyte infiltration

None/mild (<25%) 75 (75%) 26 (76.5%) 49 (74.2%) 0911
Moderate (25-50%) 23 (23%) 7 (20.6%) 16 (24.2%)

Severe (>50%) 2 (2%) 1 (2.9%) 1 (1.5%)
Circumferential crescents 40 (40%) 12 (35.3%) 28 (42.4%) 0.636
Red blood cell casts 36 (36%) 13 (38.3%) 23 (34.8%) 0.909
Fibrinoid necrosis in vessel wall 8 (8%) 4 (11.8%) 4 (6.1%) 0.439
Activity score 5 [4-6.5] 5 [4-6] 6 [4-7] 0.112

Chronicity
Global glomerulosclerosis

None/mild (<25%) 61 (61%) 19 (55.9%) 42 (63.6%) 0.752
Moderate (25-50%) 21 (21%) 8 (23.5%) 13 (19.7%)

Severe (>50%) 18 (18%) 7 (20.6%) 11 (16.7%)

Fibrotic crescents/Segmental sclerosis

None/mild (<25%) 72 (72%) 25 (73.5%) 47 (71.2%) 0.944

Moderate (25-50%) 17 (17%) 6 (17.6%) 11 (16.7%)

Severe (>50%) 11 (11%) 3 (8.8%) 8 (12.1%)

Tubular atrophy

None/mild (<25%) 53 (53%) 21 (61.8%) 32 (48.5%) 0.179
Moderate (25-50%) 42 (42%) 13 (38.2%) 29 (43.9%)

Severe (>50%) 5 (5%) 0 (0.0%) 5 (7.6%)

Interstitial fibrosis

None/mild (<25%) 46 (46%) 17 (50.0%) 29 (43.9%) 0.748
Moderate (25-50%) 48 (48%) 16 (47.1%) 32 (48.5%)

Severe (>50%) 6 (6%) 1 (2.9%) 5 (7.6%)

Chronicity score 6 [4-8] 6 [4-7] 6 [4-8] 0.650

AAV: ANCA associated vasculitis; PMH: past medical history; EUVAS: European Vasculitis Society.

95% CI: 0.12-0.77). Dialysis-free sur-
vival was not associated with autoim-
mune disease status after adjusting for
histopathology covariates (Table IV).
It should be noted that higher chronic-
ity score was linked with significantly
shorter dialysis-free survival (adjusted
HR: 1.21,95% CI: 1.01-1.46).

Discussion
This is the first study to our knowledge
exploring the frequency of existence

of an autoimmune disease PMH in pa-
tients, who are diagnosed with AAV
and its impact, if any, in the clinical
picture and outcome following immu-
nosuppressive therapy. It was found
that 30.6% of patients with AAV had
received a diagnosis of either a sys-
temic or organ-specific autoimmune
disorder prior to vasculitis diagnosis.
Patients with and without a PMH of au-
toimmunity were similar regarding the
baseline and disease-related character-
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Table I'V. Outcomes of regression analyses adjusting for histopathologic parameters in patients with AAV.

Outcome Age and sex-adjusted Multivariate model 1 Multivariate model 2

ES 7 (95% CI) p-value ES 7 (95% CI) p-value ES 7 (95% CI) p-value
Remission 0.64 (0.19-1.89) 0.429 0.68 (0.19-2.21) 0.528 0.96 (0.27-3.37) 0.949
Relapse or ESKD or death 0.30 (0.12-0.73) 0.008* 0.30 (0.12-0.76) 0.011* 0.31 (0.12-0.77) 0.012*
Long-term ESKD or death 0.67 (0.30-1.53) 0.347 0.66 (0.29-1.47) 0.304 0.79 (0.34-1.82) 0.578

Multivariate model 1 adjusts for age, sex and EUVAS class and model 2 for age, sex, activity and chronicity score.
"Effect size (ES) refers to odds ratio in remission outcome and hazard ratio in composite outcomes. *p-value <0.05; CI: confidence intervals.

istics, while the majority of patients
with a positive PMH had MPA or renal
limited disease. The rates of remission
were similar between patients with
a history of autoimmunity and those
without, but the risk of relapse was
significantly lower in patients with a
PMH of autoimmunity, a finding which
remained significant after adjusting for
covariates. Specifically, patients with a
PMH of an autoimmune disorder prior
to AAV diagnosis had a 67% lower
probability of experiencing a relapse
with the median relapse-free survival
being significantly longer in this group
(148.2 vs. 61.9 months, p<0.001). Im-
portantly, subgroup analysis indicated
that the outcome remained significant
in males, patients =60 years old and
those with C/PR3-ANCA positivity,
kidney and lung involvement. Appli-
ance of a detailed histopathological
evaluation scoring system with adjust-
ment for the activity and chronicity
score, and the EUVAS class revealed
that the remission rate was not affected
by the PMH status, and the relapse-free
survival remained significantly longer
in patients with a PMH of autoim-
mune disease. The reported rates of re-
lapse in AAV vary substantially across
studies, ranging from approximately
10-60% (28-32). Certain risk factors
for relapse have been identified includ-
ing PR3-ANCA seropositivity, lung
involvement, upper respiratory tract
involvement, prior history of relapse
or persistently elevated ANCA levels
(30). Importantly, the rate of relapse
in the present study, was much higher
in patients with the first three of these
risk factors, compared with those who
had none of them. Other cohorts have
found a higher relapse rate in patients
with lung involvement and in those
with PR3-ANCA (31-34). This differ-
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ence in the risk of relapse, between pa-
tients with and without a PMH of auto-
immune disorder, remained significant
after adjusting for these covariates, and
thus, we may speculate that is associ-
ated with differences in the underlying
cascade of events that caused the dis-
ease. Genetic influences, environmen-
tal exposures or abnormalities (35-37)
of the innate and acquired immune sys-
tem have been implicated in the patho-
genesis of AAV (1). Each of these fac-
tors seem to play a particular role in the
induction and perpetuation of the dis-
ease. Still, there is less understanding
of the initial trigger, which is associated
with ANCA genesis. In general, it is
widely known that there are individu-
als with a certain propensity to autoim-
munity (13), which is reflected in ex-
periencing more than one autoimmune
disorder during their life. As shown
here, this is also the case for one third
of patients with AAV. Potential mecha-
nisms, which might have been involved
include HLA associations, that have
been revealed by genome-wide associa-
tion studies in patients with MPO-AN-
CA and PR3-ANCA vasculitis (8, 38)
or epigenetically controlled modifica-
tions, such as, increased expression of
ANCA autoantigens, i.e. increased ex-
pression of MPO and PR3 genes, which
may influence disease pathogenesis,
either by augmenting ANCA-induced
neutrophil activation, or stimulating
the pathogenic autoimmune response,
or both (39-40). Yet, 30% of patients
with AAV have been shown to have
an anti-idiotypic antibody directed to
a non-pathogenic antibody against the
anti-sense strand of PR3, complemen-
tary PR3, which are reactive with PR3
(41-42). Finally, one might speculate
that the difference in the relapse rate
between AAV patients with or without

a PMH of autoimmunity might reflect
distinctions between patients who have
a propensity to autoimmunity due to
genetically driven pathways or epige-
netic alterations, which might be more
potent.

Therefore, it comes forward that the
management of patients with AAV
should follow a personalised approach,
since the pathogenetic setting is vari-
able, while cumulative toxicity asso-
ciated with immunosuppressive ther-
apy over time is problematic. Clinical
studies have pointed out that extended
maintenance therapy has only a limited
effect on the prevention of relapse (43-
45), while selective therapy discontinu-
ation, for 2 or more years may be fea-
sible in 50% of patients with AAV and
5 or more years among 22% of them
(43-44).

The main limitation of this study per-
tains to its retrospective design and
the fact that the time frame of disease
diagnosis of included patients was
spread in three decades. Yet, although
all patients with renal involvement had
a kidney biopsy performed at the time
of diagnosis, detailed histopathological
evaluation using the activity/chronicity
scoring system was performed in 65%
of kidney biopsies. Certain strengths of
the study were its sample size, which is
relatively large considering that the dis-
ease is rare, the long term follow up, and
the fact all patients had biopsy-proven
disease with thorough histopathological
assessment of kidney biopsies and im-
munosuppressive therapy. In addition, a
competing risk analysis was performed
to evaluate the questioned issues.

In conclusion, patients with a PMH of
autoimmune disorders prior to AAV di-
agnosis were shown to have a different
disease course following immunosup-
pressive therapy, compared to patients
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