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Abstract

relapse in GPA.

Cl 1.14-27.90) were significant predictors of GPA relapse.

Background: Granulomatosis with polyangiitis (GPA) is a rare systemic vasculitis. Its severity ranges from indolent
disease to fulminant that may cause death. With treatment, remission is seen in more than 80% of cases, although
relapse is still common. There have been studies showing that there may be factors to predict relapse in GPA. Based
on relapses, the decision to start treatment and/or to monitor the patients more closely is made. Therefore, predict-
ing the relapse of GPA can be effective in controlling the disease. Our aim was to investigate possible factors for

We recruited 254 patients diagnosed with GPA who were under treatment at Alzahra hospital affiliated to Isfahan
University of Medical Sciences (from 2013 to 2020) and Amir Alam Hospital affiliated to Tehran University of Medical
Sciences (from 2020 to 2022) to plan a retrospective study. Chi-squared or Fisher's exact tests were performed to com-
pare categorical variables, while the Mann-Whitney U test was used to compare continuous variables.

Results: Analysis of our patients (aged 20-80,122 females) showed that 147 patients (57.9%) experienced relapse.
Mean age in relapse group was 43.8 + 16.6 and in no-relapse group was 45.6+ 15.1 (P>0.05). Among many potential
predictors, we observed in multivariate analysis that positive PR3-ANCA (proteinase 3-antineutrophilic cytoplasmic
antibodies) (P=0.007, OR:2.62,Cl:1.29-5.31),nose manifestations (P=0.004, OR 3.00, Cl 1.43-6.26), mucosal mem-
branes involvement (P=0.009, OR 4.21, Cl 1.43-12.38), and gastrointestinal tract (Gl) complications (P=0.03, OR 5.64,

Conclusion: Among clinical and laboratory features we studied, positive PR3-ANCA, nose manifestations, mucosal
membranes involvement, and Gl complications were independent predictors of relapse in patients with GPA.
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Background

Granulomatosis with polyangiitis (GPA) (Wegener’s
granulomatosis), is a rare systemic vasculitis that causes
inflammation of wall of small vessels and peri- and
extravascular granulomatosis [1]. It predominantly
manifests at the upper and lower respiratory tracts and
kidneys but impairment of multiple organ systems is
possible [2-8]. The severity of the disease ranges from
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indolent disease which involves only one site to fulmi-
nant and multi-organ vasculitis that may cause death [3].
The so-called classical triad of GPA includes sinusitis,
pneumonia and glomerulonephritis [8]. Many features of
the disease may be lacking at first, but may evolve after
initial presentation [4—6]. It may be fatal if left untreated
but current therapies can cure it in most cases, although
relapses are common [2].

The annual incidence of the disease is estimated as
4-21 cases per million [9-12]. The peak incidence is
seen in 4—7th decades of life [5-7, 13]. Men and women
are equally affected [14]. Although the etiology of GPA
remains unknown, studies have shown that the roles
of genetic, immunologic, environmental factors, and
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microbial pathogens have been influential [15]. GPA is
usually associated with antibodies against neutrophils
(antineutrophilic cytoplasmic antibodies (ANCA)) and
so the disease is a component of a spectrum of disorders
entitled the ANCA-associated vasculitides (AAVs) [3, 16,
17]. AAVs are associated with ANCA specific for myelop-
eroxidase (MPO-ANCA) or proteinase 3 (PR3-ANCA)
which are found in the azurophilic granules in neutro-
phils [2, 18].

The presence of ANCAs is a critical component to its
diagnosis and it is highly specific, so positive ANCAs is of
high diagnostic value [19]. Treatment options are chosen
based on extent, acuity, sites, and severity of the disease
[20]. Objective criteria are important to assess disease
activity and response to therapy, and The Birmingham
Vasculitis Activity Score (BVAS) is a valid index for
this purpose [21]. Studies show that using immunosup-
pressants combined with corticosteroids fundamen-
tally improves the prognosis of GPA [14, 22-24]. With
treatment, remission is seen in more than 80% of cases,
although relapse is still common (happens in more than
50% of cases) [25].

There have been studies showing that there may be fac-
tors to predict relapse in GPA. For example, some stud-
ies showed that ear, nose, and throat (ENT) involvement
is associated with more relapses [26]. Presence of PR3-
ANCA and cardiac involvement at the time of diagnosis,
are other factors associated with increased risk of relaps-
ing [27]. During the course of GPA, persistent ANCAs
is associated with relapse too [28—-30]. Disappearance of
ANCAs, means there will be no relapse [27]. A number
of studies have shown that relapses are much more com-
mon in patients with positive PR3-ANCA than in those
with positive MPO-ANCA [31]. Based on these relapses
and predicting factors, the decision to start treatment
and/or to monitor the patients more closely is made [1].
Therefore, predicting the relapse of GPA can be effective
in controlling the disease. Here, we retrospectively inves-
tigated possible factors for relapse in GPA in patients who
presented to our hospitals and we analyzed the relation-
ships between these factors and clinical manifestations.

Methods

After institutional ethics approval, we recruited 254
patients (age>20 years) diagnosed with GPA and were
under treatment at Alzahra Hospital affiliated to Isfa-
han University of Medical Sciences, Isfahan, Iran (from
2013 to 2020) and Amir Alam Hospital affiliated to Teh-
ran University of Medical Sciences, Tehran, Iran (from
2020 to 2022) to plan a retrospective multi-center study.
The diagnosis was established based on American Col-
lege of Rheumatology and Revised International Chapel
Hill Consensus criteria 2012 for the classification of GPA
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[32-34]. Inclusion criteria consisted of patients diag-
nosed as GPA using the criteria we mentioned earlier,
who were followed more than 12 months. Exclusion cri-
teria include patients with other autoimmune or neuro-
logic or skin diseases, cancer, active, or chronic infection
and abnormal thyroid function tests. All patients’ data
were collected from medical records.

We recorded following data for the study: demographic
features (gender, age, age at diagnosis of GPA), positive
or negative MPO-ANCA and PR3-ANCA results, BVAS
at diagnosis of patients, involved organs at initial referral
and during the course of the disease and GPA relapses.
A state of relapse was defined as (1) occurrence of new
involvement, (2) recurrence or worsening of clinical
manifestations of vasculitis [35].

Nose involvement was considered as presence of rhi-
nitis, nasal ulcer, epistaxis, epithelial perforation, and
polyp of nose. Sinus involvement included sinusitis, mas-
toiditis, erosion, and sclerosis of sinuses. Ear manifesta-
tions were determined as conductive hearing loss and
sensory-neural hear loss. Lung involvement was consid-
ered as wheezing, hemoptysis, infiltration, ground glass
opacity in CT-scan, alveolar hemorrhage, nodular cav-
ity, effusion, atelectasis, bronchiolitis, bronchiectasis,
interstitial lung disease, infarction, and endo-bronchial
involvement. Kidney complications were considered as
proteinuria, hematuria, and creatinine > 1.4 mg/dL. Eye
complications included episcleritis, scleritis, dacryocis-
titis, proptosis, petosis, cellulitis, blurred vision, visual
loss, conjunctivitis, vasculitis, keratitis, and uveitis. Cen-
tral nervous system (CNS) involvement considered as
cranial nerve involvements, loss of consciousness, sei-
zure, meningitis, and encephalitis. We included oral
ulcer, salivary involvement, and genital ulcer as mucosal
membrane involvement. Skin problems were skin ulcer,
digital gangrene, and skin vasculitis. Pericardial effu-
sion, cardiac thrombophlebitis, and heart failure were as
heart involvement. GI complications included GI effu-
sion, GI ischemia, pancreas involvement, splenomegaly,
hepatomegaly, and hepatitis. Test results for biomarkers
were collected for each patient at diagnosis: ANCAs titer,
anti-PR3, and MPO antibody levels. For ANCA, indirect
immunofluorescence (IIF) and for anti-PR3 and anti-
MPO antibody levels, enzyme-linked immunosorbent
assay (ELISA) was used. For ANCA IIF, serum samples
were examined using INOVA neutrophil-coated slides.

We used SPSS (Statistical Package for the Social Sci-
ences V. 26, IBM Corporation) for statistical analysis.
The quantitative and categorical data were expressed as
mean =+ standard deviation and frequency and percent-
age, respectively. Statistical analysis was performed by
chi-squared or Fisher’s exact tests to compare categorical
variables, while the Mann—Whitney U test was used to
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compare continuous variables between groups. Variables
with P<0.01 in the univariate analysis were entered into
multivariable logistic regression analysis (binary logistic
regression), odds ratio (OR), and 95% confidence inter-
val for OR were reported. We also used receiver operat-
ing characteristic curve (ROC) to examine the best cutoff
value of BVAS at diagnosis and reported the sensitivity,
specificity, along with area under the curve (AUC) with
95% confidence interval (95% CI). P <0.05 was chosen as
statistically significant.

Results

Mean diagnosis age in this study was 44.6+16.2 and
48.0% of patients were women (n=122). One hun-
dred seven patients had no relapse (42.1%) and others

Table 1 Comparison of relapsing and non-relapsing patients
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experienced it at least once. Mean follow-up duration
was 40.1£+22.1 months. Our patients had initial pres-
entations as the following: ninety-five patients with ear
(37.4%), 75 patients with nose (29.5%), 72 patients with
sinus (28.3%), 11 patients with subglottal (4.3%), 17
patients with eye (6.7%), 5 patients with 7th nerve (2.0%),
16 patients with lung (6.3%), 1 patient with kidney (0.4%),
2 patients with skin (0.8%) manifestations, and 1 patient
(0.4%) with arthritis.

One hundred sixty-two patients had initial presenta-
tion of cerebrovascular complications, 128 of them had
left side of cerebral vessels involvement (79.0%), and oth-
ers had right sided complications (n=34, 21.0%). We
also studied pseudotumors. Sixty-two patients had pseu-
dotumor of different organs (24.4%). The most common

Relapsing group Non-relapsing group P

(n=147) (n=107)
Age (years) 438+166 456+15.1 0.31
Gender (female) 77 (52.4%) 45 (42.1%) 0.07
Initial presentation: ear 3(36.1%) 42 (39.3%) 034
Initial presentation: nose 6 (24.5%) 39 (36.4%) 0.03
Initial presentation: sinus (24 5%) 36 (33.6%) 0.07
Initial presentation: eye 2 (8.2%) 5(4.7%) 0.20
Initial presentation: lung 4(9.5%) 2 (1.9%) 0.01
Initial presentation: kidney 0 1 (0.9%) 042
Initial presentation: skin 2 (1.4%) 0 033
Initial presentation: arthritis 0 1 (0.9%) 042
Initial presentation: brain vascular 90 (61.2%) 72 (67.3%) 0.19
Initial presentation: subglot 7 (4.8%) 4 (3.7%) 047
pseudotumor 32 (21.8%) 30 (28.0%) 0.15
Positive PR3-ANCA 108 (73.5%) 55(51.4) <0.001
Positive MPO-ANCA 12 (8.2%) 24 (22.4%) 0.001
eosinophilia 3 (2.0%) 7 (6.5%) 0.07
BVAS at diagnosis 174+£79 13.6+6.7 <0.001
BVAS at diagnosis > 8.5 130 (88.4%) 7 (11.6%) 0.01
During follow-up: nose 115(78.2%) 73 (68.2%) 0.05
During follow-up: sinus 140 (95.2%) 98 (91.6%) 0.18
During follow-up: glottal 25 (17.0%) 4(13.1%) 0.25
During follow-up: ear 101 (68.7%) 70 (65.4%) 0.34
During follow-up: lung 113 (76.9%) (76 6%) 0.54
During follow-up: kidney 65 (44.2%) 2 (48.6%) 0.29
During follow-up: eye 3(36.1%) ( 1%) 0.08
During follow-up: CNS 46 (31.3%) 35 (32. 7%) 0.46
During follow-up: mucosal membranes 9 (19.7%) 6 (5.6%) 0.001
During follow-up: skin 22 (15.0%) 8 (7.5%) 0.05
During follow-up: heart 9 (6.1%) 1(0.9%) 0.03
During follow-up: Gl 17 (11.6%) 2 (1.9%) 0.002
During follow-up: arthritis 16 (10.9%) 3(2.8%) 0.01

Data are presented as mean & Sd—standard deviation, for continuous and frequency (percentage) for categorical data, P < 0.05 is statistically significan, G/

gastrointestinal tract
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organs having pseudotumor were eye (n=24, 38.7%),
nose (n=9, 14.5%), sinus (n=7, 11.3%), and nasopharynx
(n=5, 8.0%).

Thirty-six patients had positive MPO-ANCA (14.2%)
and 163 patients had positive PR3-ANCA (64.2%). Ten
patients had eosinophilia (3.9%). Biopsy was done for 168
patients (66.1%). Mean BVAS at diagnosis was 15.8 +7.7.

We also checked to see what organs were involved dur-
ing admission and/or follow-up. Involved organs were
as following: nose (n=188, 74%), sinus (n=238, 93.7%),
glottal (n=39, 15.4%), ear (n=171, 67.3%), lung (n=194,
76.4%), kidney (n=117, 46.1%), eye (n=82, 32.3%), CNS
(n=281, 31.9%), mucosal membranes (n =35, 13.8%), skin
(n=30, 11.8%), heart (n=10, 3.9%), GI (n=19, 7.5%),
and arthritis (=19, 7.5%).

We performed univariate analysis for the disease
relapse. Variables associated with this relapse with
P <0.01 were as following: patients with initial presen-
tation with lung manifestations (P=0.01), initial pres-
entation with nose manifestations (P=0.03), initial
presentation with sinus involvement (P=0.07), positive
PR3-ANCA and MPO-ANCA (respectively: P= <0.001,
P=0.001), eosinophilia (P=0.07), BVAS at diagno-
sis (P<0.001), nose manifestations (P=0.05), mucosal
membranes involvement (P=0.001), eye involvement
(P=0.08), skin manifestations (P=0.05), heart involve-
ment (P=0.03), GI complication (P=0.002), and arthri-
tis (P=0.01). We entered these variables in multivariate
binary logistic regression. Results showed that patients
with nose, mucosal membranes, GI involvement, and
positive PR3-ANCA, were more likely to experience
relapse for GPA. Although patients with initial presen-
tation of nose involvement had less chance to experi-
ence relapse. It is worth to mention that ROC analysis’
results showed that the best cutoff for BVAS at diagnosis
was 8.5 and if BVAS> 8.5, it differentiates significantly
patients with relapse from non-relapse (P<0.001, sensi-
tivity = 88.4%, specificity =76.6%, AUC 0.641, CI 0.573—
0.709), but it was not a predictor in multivariate analysis
(Tables 1 and 2; Fig. 1).

Discussion

This multi-center study investigated relapse and fac-
tors affecting it in 254 patients who were diagnosed with
GPA. Although a marked improvement was achieved in
mortality and relapses area, the GPA relapse is still com-
mon [2, 25]. Relapse rate was higher in our study than
those reported by Tufan et al. (2020, in Turkey) and
Hogan et al. (2005, USA) (respectively: 58% vs. 46% and
42%) [36, 37]. We could think of two reasons why this
relapse rate was more in our study: first, greater accuracy
in registration of patients’ files that helped to record more
patients with relapses. Second, patients’ cooperation in
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Table 2 Logistic regression analysis for predicting relapse of GPA

Factor OR 95%ClforOR P

Initial presentation: nose  Did not have 1 0.10-0.49 <0.001
Did have 0.22

Initial presentation: sinus  Did not have 1 0.28-1.10 093
Did have 0.56

Initial presentation: lung ~ Did not have 1 048-12.64 0.27
Did have 252

PR3-ANCA Negative 1 1.29-5.31 0.007
Positive 2.62

MPO-ANCA Negative 1 0.25-1.92 048
Positive 0.70

Eosinophilia Negative 1 0.19-6.34 092
Positive 1.10

BVAS at diagnosis <85 1 0.65-3.34 0.34
>85 1.49

During follow-up: nose  Did not have 1 143-6.26 0.004
Did have 3.00

During follow-up: eye Did not have 1 0.81-3.15 0.17
Did have 1.60

During follow-up: Did not have 1 143-12.38 0.009

mucosal membranes Did have 421

During follow-up: skin Did not have 1 0.89-6.88 0.83
Did have 247

During follow-up: heart ~ Did not have 1 0.50-39.86 0.18
Did have 446

During follow-up: Gl Did not have 1 1.14-27.90 0.03
Did have 5.64

During follow-up: Did not have 1 0.67-11.64 0.16

arthritis Did have 2.80

Variables with a P <0.05 in univariate analysis were included in the multivariate
logistic regression. Data are shown as odds ratios (ORs) with 95% confidence
intervals. G/ gastrointestinal tract

the treatment could be inappropriate. Treatment regi-
mens in our centers were compatible with standard and
update algorithms and guidelines, so we do not think of it
as a reason about this issue.

Charles et al., Boomsma et al., and Hogan et al. identi-
fied PR3-ANCA and MPO-ANCA as factors for relapse
[18, 37, 38] but patients with positive PR3-ANCA were
more likely to relapse [18]. Boomsma et al. studied 100
patients with GPA (85 with PR3-ANCA, 15 with MPO-
ANCA) prospectively from 1996 to 1998. Disease activity
was assessed without knowledge of the ANCA levels, and
they concluded that serial measurement of ANCA levels
is valuable for early prediction of relapses in patients with
GPA [38]. On the other hand, Hogan et al. studied 350
patients who received a new diagnosis of ANCA associ-
ated vasculitis between 1985 and 2003. They concluded
that increased risk for relapse appears to be related
to the presence of anti-PR3 and anti-MPO antibodies
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Fig. 1 Receiver operating characteristic (ROC) curve of relapse by BVAS at diagnosis. BVAS at diagnosis has at least one tie between the positive
actual state group and the negative actual state group. Area: 0.641, P <0.001, 95% confidence interval: 0.57-0.71

seropositivity [37]. We showed that PR3-ANCA was able
to predict the relapse.

Naomi et al. studied 121 patients’ data in Japan and
concluded that GI involvement was associated with
relapse, like we could show [39]. We did not find any
study to survey nose manifestations alone and mucosal
membranes involvement as factors for relapse of the
GPA. However, there are studies that have shown that
ENT involvement could be a predicting factor for the
relapse [26]. By contrast, Yoo et al. performed a study on
30 patients with GPA and concluded that ENT manifes-
tations were in favor with the disease remission [33]. We,
in this study, have shown that nose and mucosal mem-
branes involvement were predicting factors for relapse.
So, we could introduce novel variables to be more studied
in the future to see whether they play a role in predicting
relapse. It is worth to mention that, patients who referred
to our hospitals with initial presentation of nose involve-
ment, were less probable to encounter relapse in future,
but patients whose nose manifestations were diagnosed
during follow-ups, were more probable to experience
relapse. We suggest more studies to be done to survey if
initial presentation with nose manifestation could be a
preventing factor for relapse.

Pagnoux et al. and Hogan et al., found that lung involve-
ment is a predictor of relapse [37, 40]. However, Tufan
et al. and Despujol et al., like our study, found that lung
involvement is not a factor for relapse [36, 41]. A review
of four studies reported that cardiovascular involvement
is a risk factor for relapse [42]. Despujol et al. and Kold-
ingsnes et al. have also shown that heart involvement
causes increased risk of relapse [41, 43]. By contrast, we
did not find heart involvement as a predictor for relapse.
In a study which was done by Lega et al., unlike ours, skin
involvement was shown to be a risk factor of relapse [44].
By contrast, Outh et al. found that relapse frequency was
less in patients with skin involvement. They studied 99
patients diagnosed with AAV between 1990 and 2015
experiencing at least one relapse. They concluded that
patients without relapse tended to have cutaneous mani-
festations more often than patients with relapse [45].

In a study that Hosokawa et al. done on 36 patients in
Japan from 2013 to 2018, ear involvement was a factor to
predict relapse, but we could not show this factor to be
a predictor [35]. Despujol et al. conducted a randomized
trial on 174 patients in 2010, one of the findings they con-
cluded was about kidney involvement and that it is not a
factor for relapse [41], like we showed. Despujol et al. and
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Tufan et al, like us, showed that there was no difference
in eye complication between relapse group and no-relapse
group [36, 41]. As Despujol et al. had mentioned, CNS
involvement could not be a predictor, like we showed in
our study [41]. Yoo et al. conducted a study on 30 patients
in 2017 in Korea and showed that BVAS for GPA>9.5
was an independent predictor of refractory disease dur-
ing follow-up [46]. Mehrabi Nejad et al. studied 133
patients from 2012 to 2021 and concluded that Patients
with BVAS>12 are more vulnerable to relapsing disease
[47]. Although we were able to show a statistically signifi-
cant cutoff for BVAS at diagnosis by ROC curve (8.5), but
it was not a predictor in multivariate analysis. We think
the reason why it was not statistically significant is that
we didn'’t find data of BVAS at follow up. With follow-up
BVASs, maybe we could show this conclusion, too.

The main strength of our study was being a multi-
center research with a proper number of patients
included. Our study has a limitation, which is that it was
a retrospective study that could be limited by the qual-
ity and inaccuracy in data reporting. This study identi-
fied several predictors of GPA relapse. We suggest that
patients with these risk factors should be monitored
carefully and closely for relapse. This different course of
the disease may help to customize different treatment
regimens. Also, focusing on a patient’s clinical features
may be more practical than assigning a specific disease
diagnosis when estimating risk for relapse.

Conclusion

Among clinical and laboratory features we studied,
positive PR3-ANCA, nose manifestations, mucosal
membranes involvement, and GI complications were
independent predictors of relapse in patients with GPA.
We suggest future studies that patients with these risk
factors should be monitored carefully and closely for
relapse.
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