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Introduction

Polyarteritis nodosa (PAN) is a systemic necrotizing vas-
culitis affecting medium-sized arteries [1, 2]. PAN can 
also affect small-sized arteries, but it may not target arte-
rioles, venules, and capillaries [1]. The incidence of PAN 
has been reported to be up to 1.6 cases per million, and 
its prevalence up to 31 cases per million [3]. PAN can 
involve diverse organs, but PAN is known not to affect 
lungs [4, 5]. Medium-sized vessel microaneurysm is the 
typical feature of PAN and the rupture or occlusion of 
inflamed arteries can cause haemorrhage or ischemia of 
affected arteries-feeding tissues in various organs [4]. 
The aetiology of PAN still remains uncertain, but there 
are several evidence supporting that PAN might result 
from endothelial cell activation, leading to endothelial 
dysfunction and damages provoked by both vasculitis 
itself and pro-inflammatory cytokines or antibodies [4, 
6]. Besides, various adhesion molecules and immune 
cells, especially T cells, participate in the pathogenesis of 
PAN [7, 8]. There are three clinical subclasses of PAN; 
cutaneous PAN, hepatitis B virus (HBV)-associated PAN, 
and idiopathic generalised PAN. Cutaneous PAN and idi-
opathic generalised PAN, but not HBV-associated PAN, 
are placed on a spectrum of clinical presentations, and 
cutaneous PAN can progress to idiopathic generalised 
PAN [2]. In the pathogenesis of HBV-associated PAN, 
distinct mechanism has been elucidated: the direct vascu-
lar injury through viral replication and the indirect vascu-
lar deposition of circulating immune complex can in turn 
activate neutrophils and complement system and further 
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induce extravasation of immune cells and subsequent 
adjacent tissue damages [8–10].

In contrast with other systemic vasculitis, treatment 
modalities of PAN mostly depend on its clinical sub-
classes. Patients with mild PAN or cutaneous PAN are 
often treated with glucocorticoid alone as an induction 
as well as a maintenance therapeutic regimen. When 
they are refractory to glucocorticoid alone, they can be 
treated with azathioprine, methotrexate or mycophenolate 
mofetil, but generally cyclophosphamide is not recom-
mended in these cases, due to cytotoxic adverse effects 
[11–15]. Meanwhile, patients with moderate-to-severe 
idiopathic generalised PAN should be initially treated 
with a combination of glucocorticoid and cyclophospha-
mide [13, 16]: intravenous cyclophosphamide of 600 mg/
m2 every 2 weeks for three doses, and then every 4 weeks 
for 4 months or intravenous cyclophosphamide of 15 mg/
kg at weeks 0, 2 and 4 and then every 3  weeks [16, 
17]. Patients who are refractory to cyclophosphamide 
can receive Rituximab after methylprednisolone pulse 
therapy [18]. On the other hand, patients with HBV-
associated PAN are suggested to be initially treated with 
antiviral agents rather than immunosuppressive medica-
tions after they are treated with glucocorticoid or plasma 
exchange as an induction therapeutic regimen, until anti-
viral agents become efficient [19]. Azathioprine, metho-
trexate, or mycophenolate mofetil is recommended as a 
remission-maintenance therapeutic regimen [11, 13]. The 
first year and 5 year relapse rates of cutaneous and idio-
pathic generalised PAN were reported to be 9.2 and 24%, 
and the relapse rate of HBV-associated PAN was known 
to be less than those of others [12].

So far, there have been several previous studies report-
ing the associated factors of prognosis of PAN such as 
five factor scores (FFS) or the use of immunosuppres-
sive drugs as induction therapeutic regimens [5, 6, 16]. 
There was only a previous report regarding the prognosis 
of polyarteritis nodosa in Korea, which commented that 
testicular tenderness and a high FFS were associated with 
a poor prognosis, such as mortalities or co-morbidities 
[20]. In daily clinical settings, a majority of rheumatolo-
gists are interested in relapse as much as mortalities and 
co-morbidities of systemic vasculitis, and further pre-
dictors of their relapse, if possible. However, there were 
few reports regarding predictors of relapse of PAN, espe-
cially, there was no report in Korea. Hence, in this study, 
we investigated whether clinical manifestations, a speci-
fied organ involvement, ANCA positivity, Birmingham 
vasculitis activity score (BVAS), and FFS at diagnosis 
could predict relapse in 30 patients with PAN having the 
follow-up duration for at least more than 12  months [6, 
16, 21].

Methods

Patients

We reviewed the medical charts of 42 patients, who had 
been classified as PAN from January 2000 to September 
2015 according to the inclusion criteria for PAN as fol-
lows: (1) patients who had been first classified as PAN on 
the basis of American College of Rheumatology (ACR) 
1990 criteria for the classification of PAN [22]; (2) patients 
who had been classified as PAN at Division of Rheuma-
tology, Department of Internal Medicine, Yonsei Univer-
sity College of Medicine, Severance hospital; (3) patients 
who had been followed up for more than 12 months after 
diagnosis; (4) patients who had the baseline results of 
myeloperoxidase (MPO)-antineutrophil cytoplasmic anti-
bodies (ANCA) and proteinase 3 (PR3)-ANCA conducted 
by the enzyme-linked immunosorbent assay at diagnosis, 
but not by immunofluorescent assay; (5) patients who had 
never had systemic illness or received medications affect-
ing the false positivity of MPO-ANCA or PR3-ANCA; (6) 
patients whose medical charts contained the contents quali-
fied enough to fill up the forms of BVAS and FFSs (1996 
and 2009) [6, 16, 21]; (7) patients whose medical charts 
clearly commented the status of remission or relapse; 
and (8) patients who had achieved remission at least once 
during the follow-up. Among 42 patients with PAN, 12 
patients were excluded: three patients had also been clas-
sified as other connective tissue diseases, two patients did 
not have the results of MPO-ANCA nor PR3-ANCA, and 
seven patients did not have medical charts which clearly 
described clinical features at diagnosis or commented 
remission or relapse during the follow-up. This study was 
approved by the institutional Review Board of Severance 
hospital.

Baseline clinical features, specified organ involvements, 
prognosis, ANCA measurement, and medications

We collected baseline age, gender, and the follow-up dura-
tion. We set the follow-up duration as the period from diag-
nosis to the last visit to hospital for patients in no relapse 
group and we set it as the period from diagnosis to relapse 
for those in relapse group. We counted the number of items 
of ACR 1990 criteria for the classification of PAN which 
patients had fulfilled [22]. We obtained variables of clini-
cal manifestations and specified organ involvements based 
on BVAS version 3 and FFSs (1996 and 2009) [6, 16, 21]. 
In addition, we collected histopathological results and 
biopsy-performed sites, and we searched induction and 
maintenance therapeutic regimens. Remission was defined 
as the absence of disease activity attributable to active dis-
ease qualified by the need for on-going stable maintenance 
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immunosuppressive therapy. In addition, relapse was 
defined as recurrence or new onset of disease attribut-
able to active vasculitis [23, 24]. MPO-ANCA and PR3-
ANCA had been measured by ELISA kit for anti-PR3 and 
anti-MPO (Inova Diagnostics, San Diego, USA) before 
2013, and by the novel anchor coated highly sensitive (hs) 
Phadia ELiA (Thermo Fisher Scientific/Phadia, Freiburg, 
Germany) using human native antigens, performed on a 
Phadia250 analyser after 2013. In addition, we reviewed 
medications which had been administered as both induction 
and maintenance therapeutic regimens.

Statistical analysis

Mann–Whitney U test was used to compare continuous 
variables between no relapse and relapse groups, which 
were expressed as the mean ± standard deviation. Chi-
Square test and Fisher’s extract test were used to analyse 
significant differences in categorical variables between the 
two groups. The odds ratio (OR) was assessed using multi-
variate logistic regression of variables with significance on 
univariate analysis. We also conducted Cox Hazard model 
analysis using the same variables with significance due to 
the small number of subjects in this study. The optimal cut-
off values of BVAS and FFS (1996) for predicting relapse 
were extrapolated by calculating the area under the receiver 
operator characteristic curve (AUROC) and selection to 
maximize the sum of sensitivity and specificity. In addition, 
the relative risk (RR) of BVAS and FFS (1996) for relapse 
was analysed using contingency tables and the Chi-square 
test. Cumulative relapse free survival was analysed accord-
ing to the Kaplan–Meier survival analysis. We conducted 
all statistical analysis using the SPSS package for Windows 
version 23 (IBM). p values less than 0.05 were considered 
statistically significant.

Results

Baseline characteristics of patients with polyarteritis 
nodosa

Baseline characteristics of patients with PAN were 
described in Table 1. The mean age of patients with PAN 
(15 men and 15 women) was 50.8 years, and the mean fol-
low-up duration was 64.1  months. Among items of ACR 
1990 criteria for the classification of PAN, myalgia or 
weakness or leg tenderness (60.0%) and histopathological 
abnormalities (60.0%) were the most frequently fulfilled 
items, followed by diastolic BP over 90  mmHg (50.0%). 
Six patients (20.0%) had cutaneous PAN, 14 (46.7%) had 
HBV-associated PAN, and 10 (33.3%) had idiopathic 
generalised PAN. The most common clinical feature at 

Table 1  Baseline characteristics of patients with PAN (N = 30)

Variables Values

Demographic data
 Age (year old) 50.8 ± 15.5
 Male gender [N, (%)] 15 (50.0)
 Follow-up duration (months) 64.1 ± 62.0

ACR 1990 criteria for the classification
 Weight loss ≥4 kg 7 (23.3)
 Myalgia, weakness or leg tenderness 18 (60.0)
 Livedo reticularis 3 (10.0)
 Mono- or polyneuropathy 6 (20.0)
 Testicular pain and tenderness 2 (6.7)
 Diastolic BP >90 mmHg 15 (50.0)
 Elevated BUN (>40 mg/dL) or Cr (>1.5 mg/dL) 5 (16.7)
 Positivity for hepatitis B virus infection 14 (46.7)
 Arteriographic abnormality 14 (46.7)
 Histopathological abnormality 18 (60.0)

Subclasses of PAN [N, (%)]
 Cutaneous PAN 6 (20.0)
 Hepatitis B virus-associated PAN 14 (46.7)
 Idiopathic generalised PAN 10 (33.3)

Clinical manifestations [N, (%)]
 General manifestations 24 (80.0)
  Myalgia 18 (60.0)
  Arthralgia/arthritis 11 (36.7)
  Fever ≥38 °C 6 (20.0)
  Weight loss ≥2 kg 7 (23.3)

 Cutaneous manifestations 16 (53.3)
  Infarct (digital ischemia) 0 (0)
  Purpura 7 (23.3)
  Others 9 (30.0)

 Mucous membranes/eyes manifestations 2 (6.7)
  Scleritis/episcleritis 2 (6.7)

 Ear nose throat manifestations 1 (3.3)
  Paranasal sinus involvement 1 (3.3)

 Chest manifestations 7 (23.3)
  Massive hemoptysis/alveolar haemorrhage 0 (0)
  Others 7 (23.3)

 Cardiovascular manifestations 5 (16.7)
  Cardiomyopathy or congestive heart failure 4 (13.3)
  Others (pericarditis) 1 (3.3)

 Abdominal manifestations 4 (13.3)
  Bloody diarrhea 3 (10.0)
  Peritonitis 1 (3.3)

 Renal manifestations 9 (30.0)
  Proteinuria >1 g/day 5 (16.7)
  Renal insufficiency 5 (16.7)
  Hematuria 8 (26.7)

 Nervous systemic manifestations 11 (36.7)
  Central nervous system involvement 5 (16.7)
  Peripheral neuropathy or mononeuritis multiplex 6 (20.0)
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diagnosis was general manifestations (80.0%), including 
myalgia, joint symptoms, fever, and weight loss, followed 
by cutaneous (53.3%) and nervous systemic manifestations 
(36.7%). The mean initial BVAS was 10.1, and the mean 
initial FFSs (1996 and 2009) were 0.8 and 1.6, respectively. 
MPO-ANCA was detected in seven patients (23.3%), and 
PR3-ANCA was done in only three patients (10.0%). Skin 
was the most common site which biopsy was performed 
(43.3%), and no biopsy was done in ten patients (33.3%). 

Glucocorticoid monotherapy (46.7%) was the most fre-
quently administered induction therapeutic regimen, fol-
lowed by antiviral agents for HBV-associated PAN (16.7%), 
cyclophosphamide (13.3%), and azathioprine (13.3%). In 
addition, azathioprine was the most common maintenance 
therapeutic regimen (26.7%), followed by glucocorticoid 
monotherapy (20.0%) and no treatment (20.0%). Twenty-
one patients had achieved remission without relapse, while 
nine patients had experienced relapse after remission dur-
ing the follow-up.

Comparison of variables between patients in no relapse 
and relapse groups

There were no significant differences in age, gender, and 
the follow-up duration between the two groups. At diag-
nosis, patients in relapse group had complained of weight 
loss and scleritis/episcleritis more frequently than those in 
no relapse group (55.6 vs. 9.5%, p = 0.006 and 22.2 vs. 0%, 
p = 0.025, respectively). By contrast, patients in no relapse 
group showed the higher proportion of diastolic hyperten-
sion than those in relapse group (61.9 vs. 22.2%, p = 0.046). 
There were no differences in the number of patients among 
subclasses of PAN. In addition, abdominal manifestations 
did exhibited a statistical significance (33.3% for relapse 
group and 4.8% for no relapse group, p = 0.035) (Table 2). 
Patients in relapse group had the higher mean initial BVAS 
and FFS (1996) than those in no relapse group (18.6 vs. 
6.5, p = 0.015 and 1.6 vs. 0.4, p = 0.010, respectively). 
However, patients in both groups showed no significant 
difference in FFS (2009). MPO-ANCA and PR3-ANCA 
were evenly detected in the two groups (Table 2). Among 
induction therapeutic regiments, only azathioprine showed 
statistically significant differences between no relapse and 
relapse groups, but the frequency of its use was higher in 
relapse group than no relapse group. In order not to leave 
a misunderstanding that the use of azathioprine might be 
a risk factor for relapse, we did not include azathioprine 
in multivariate logistic regression analysis. Similar to aza-
thioprine as induction therapeutic regimen, although gluco-
corticoid exhibited significant difference between the two 
groups, we excluded it in multivariate analysis.

Independent predictors of relapse of PAN

We performed multivariate logistic regression analysis on 
variables with statistical significance on univariate analy-
sis: weight loss, diastolic hypertension, and scleritis/epis-
cleritis. Although abdominal manifestations did exhibit a 
statistically significant difference, since abdomen-related 
items, including bloody diarrhea, peritonitis, and ischemic 
abdominal pain, showed no statistical significance, we 
did not take into account abdominal manifestations in 

Table 1  (continued)

Variables Values

BVAS and FFS
 BVAS 10.1 ± 9.5
 FFS (1996) 0.8 ± 1.1
 FFS (2009) 1.6 ± 0.9

Antineutrophil cytoplasmic antibody [N, (%)]
 MPO-ANCA 7 (23.3)
 PR3-ANCA 3 (10.0)

Pathological diagnosis site (biopsy) [N, (%)]
 Skin 13 (43.3)
 Nerve 2 (6.7)
 Muscle 2 (6.7)
 Others 3 (10.0)
 No biopsy 10 (33.3)

Medications
 Induction therapeutic regimens
  Cyclophosphamidea 4 (13.3)
  Azathioprinea 4 (13.3)
  Methotrexatea 1 (3.3)
  Mycophenolate  mofetila 1 (3.3)
  Antiviral agents 5 (16.7)
  Colchicinea 1 (3.3)
  Glucocorticoid monotherapy 14 (46.7)

 Maintenance therapeutic regimens
  Azathioprinea 8 (26.7)
  Methotrexate 1 (3.3)
  Mycophenolate  mofetila 1 (3.3)
  Antiviral agents 5 (16.7)
  Non-steroidal anti-inflammatory drugs 2 (6.7)
  Colchicine 1 (3.3)
  Glucocorticoid monotherapy 6 (20.0)
  No medication 6 (20.0)

Prognosis [N, (%)]
 Remission and no relapse 21 (70.0)
 Remission and relapse 9 (30.0)

Values are expressed as mean ± standard deviation and number (%)
ACR American College of Rheumatology, BP blood pressure, BUN 
blood urea nitrogen, Cr creatinine, BVAS Birmingham vascular activ-
ity score, FFS five factor score, MPO myeloperoxidase, PR3 protein-
ase 3, ANCA antineutrophil cytoplasmic antibody
a Combination therapy with glucocorticoid
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Table 2  Comparison of 
variables between patients in no 
relapse and relapse groups

Variables No relapse (N = 21) Relapse (N = 9) p value

Demographic data
 Age (year old) 53.0 ± 16.6 45.7 ± 11.7 0.241
 Male gender [N, (%)] 10 (47.6) 5 (55.6) 0.690
 Follow-up duration (months) 56.5 ± 62.1 81.7 ± 61.8 0.316

ACR 1990 criteria for the classification
 Weight loss ≥4 kg 2 (9.5) 5 (55.6) 0.006
 Myalgia, weakness or leg tenderness 11 (52.4) 7 (77.8) 0.193
 Livedo reticularis 3 (14.3) 0 (0) 0.232
 Mono- or polyneuropathy 5 (23.8) 1 (11.1) 0.426
 Testicular pain and tenderness 1 (4.8) 1 (11.1) 0.523
 Diastolic BP >90 mmHg 13 (61.9) 2 (22.2) 0.046
 Elevated BUN or Cr 2 (9.5) 3 (33.3) 0.109
 Positivity for hepatitis B virus (HBV) infection 10 (47.6) 4 (44.4) 0.873
 Arteriographic abnormality 8 (38.1) 6 (66.7) 0.335
 Histopathological abnormality 13 (61.9) 5 (55.6) 0.948

Subclasses of PAN [N, (%)] 0.607
 Cutaneous PAN 5 (23.8) 1 (11.1)
 Hepatitis B virus-associated PAN 10 (47.6) 4 (44.4)
 Idiopathic generalised PAN 6 (28.6) 4 (44.4)

Clinical manifestations [N, (%)]
 General manifestations 15 (71.4) 9 (100) 0.073
  Myalgia 11 (52.4) 7 (77.8) 0.193
  Arthralgia/arthritis 8 (38.1) 3 (33.3) 0.804
  Fever ≥38 °C 3 (14.3) 3 (33.3) 0.232
  Weight loss ≥2 kg 2 (9.5) 5 (55.6) 0.006

 Cutaneous manifestations 11 (52.4) 5 (55.6) 0.873
  Infarct (digital ischemia) 0 (0) 0 (0) 1.000
  Purpura 5 (23.8) 2 (22.2) 0.925
  Others 6 (28.6) 3 (33.3) 0.794

 Mucous membranes/eyes manifestations 0 (0) 2 (22.2) 0.025
  Scleritis/episcleritis 0 (0) 2 (22.2) 0.025

 Ear nose throat manifestations 0 (0) 1 (11.1) 0.120
  Paranasal sinus involvement 0 (0) 1 (11.1) 0.120

 Chest manifestations 3 (14.3) 4 (44.4) 0.073
  Massive haemoptysis/alveolar haemorrhage 0 (0) 0 (0) 1.000
  Others (all pleural effusion) 3 (14.3) 4 (44.4) 0.073

 Cardiovascular manifestations 2 (9.5) 3 (33.3) 0.109
  Cardiomyopathy or Congestive heart failure 2 (9.5) 2 (22.2) 0.348
  Others (pericarditis) 0 (0) 1 (11.1) 0.120

 Abdominal manifestations 1 (4.8) 3 (33.3) 0.035
  Bloody diarrhea 1 (4.8) 2 (22.2) 0.144
  Peritonitis 0 (0) 1 (11.1) 0.120

 Renal manifestations 5 (23.8) 4 (44.4) 0.258
  Proteinuria >1 g/day 2 (9.5) 3 (33.3) 0.109
  Renal insufficiency 2 (9.5) 3 (33.3) 0.109
  Haematuria 4 (19.0) 4 (44.4) 0.149

 Nervous systemic manifestations 7 (33.3) 4 (44.4) 0.563
  Central nervous system involvement 2 (9.5) 3 (33.3) 0.109
  Peripheral nervous system involvement 5 (23.8) 1 (11.1) 0.426

BVAS and FFS
 BVAS 6.5 ± 5.7 18.6 ± 11.6 0.015
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multivariate analysis (Table 2). Moreover, BVAS and FFSs 
were not analysed together with clinical features or speci-
fied organ involvements on multivariate analysis, because 
those indices include a considerable number of duplicated 
clinical variables. On multivariate analysis, only weight 
loss ≥4 kg was a independent predictor of relapse of PAN 
(OR 11.066, 95% CI 1.279, 95.719, p = 0.029) (Table  3). 
Due to the small number of subjects, we also conducted 
Cox Hazard model analysis using the same variables on 
multivariate logistic regression analysis, and we could find 
no variable with statistical significance (Table 3).

Optimal cut‑off values of BVAS and FFS (1996) 
for predicting relapse of PAN and prognosis

We calculated the optimal cut-off values of BVAS and FFS 
(1996) for predicting relapse of PAN, which showed signif-
icant difference between the two groups, using ROC curve 
analysis. We found that 13.5 of BVAS (AUROC 0.854, 95% 
CI 0.713, 0.996, p = 0.002, sensitivity 0.952 and specificity 

Table 2  (continued) Variables No relapse (N = 21) Relapse (N = 9) p value

 FFS (1996) 0.4 ± 0.8 1.6 ± 1.5 0.010
 FFS (2009) 1.5 ± 0.9 1.7 ± 0.9 0.684

Antineutrophil cytoplasmic antibody [N, (%)]
 MPO-ANCA 4 (19.0) 3 (33.3) 0.397
 PR3-ANCA 2 (9.5) 1 (11.1) 0.894

Medications
 Induction therapeutic regimens
  Cyclophosphamidea 4 (19.0) 0 (0) 0.160
  Azathioprinea 1 (4.8) 3 (33.3) 0.035
  Methotrexatea 1 (4.8) 0 (0) 0.506
  Mycophenolate  mofetila 0 (0) 1 (11.1) 0.120
  Antiviral agents 4 (19.0) 1 (11.1) 0.593
  Colchicinea 1 (4.8) 0 (0) 0.506
  Glucocorticoid monotherapy 10 (47.6) 4 (44.4) 0.873

 Maintenance therapeutic regimens
  Azathioprinea 5 (23.8) 3 (33.3) 0.589
  Methotrexate 1 (4.8) 0 (0) 0.506
  Mycophenolate  mofetila 0 (0) 1 (11.1) 0.120
  Antiviral agents 4 (19.0) 1 (11.1) 0.593
  Non-steroidal anti-inflammatory drugs 2 (9.5) 0 (0) 0.338
  Colchicine 1 (4.8) 0 (0) 0.506
  Glucocorticoid monotherapy 2 (9.5) 4 (44.4) 0.028
  No medication 6 (28.6) 0 (0) 0.073

Values are expressed as mean ± standard deviation and number (%)
ACR American College of Rheumatology, BP blood pressure, BUN blood urea nitrogen, Cr creatinine, 
BVAS Birmingham vascular activity score, FFS five factor score, MPO myeloperoxidase, PR3 proteinase 3, 
ANCA antineutrophil cytoplasmic antibody
a Combination therapy with glucocorticoid

Table 3  Multivariate logistic regression analysis and Cox Hazard 
model using variables with statistical significance between no relapse 
and relapse groups

Variables Odds ratio 95% confidence 
interval

p value

Multivariate logistic 
regression analysis

 Weight loss ≥4 kg 11.066 1.279, 95.719 0.029
 Diastolic 

BP >90 mmHg
0.305 0.038, 2.455 0.265

 Scleritis/Episcleritis N/A N/A 0.999
Cox hazard model 

analysis
 Weight loss ≥4 kg 2.173 0.512, 9.233 0.293
 Diastolic 

BP >90 mmHg
0.594 0.108, 3.284 0.551

 Scleritis/episcleritis 0.688 0.110, 4.316 0.690
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0.667) and 1 of FFS (AUROC 0.772, 95% CI 0.575, 0.970, 
p = 0.020, sensitivity 0.778 and specificity 0.667) were 
the best cut-off values to predict relapse during the fol-
low-up. When we assigned 30 patients into two groups 
based on the optimal cut-off value of BVAS, 7 patients 
belonged to BVAS ≥13.5 group and 23 patients belonged 
to BVAS <13.5 group. The proportion of relapse in patients 
having BVAS ≥13.5 was much greater than that in patients 
having BVAS <13.5 (85.7% vs. 13.0%, p < 0.001). In addi-
tion, when we classified all patients in two groups accord-
ing to the optimal cut-off value of FFS (1996), 14 patients 
were allocated to FFS ≥1 group and 16 patients were done 
to FFS < 1 group. The rate of relapse in patients having 
FFS ≥1 was higher than that in patients having FFS <1 
(50.0% vs. 12.5%, p = 0.025) (Fig. 1). Furthermore, patients 
having BVAS ≥13.5 and FFS ≥1 were discovered to have 
significantly increased risk of relapse of PAN, compared to 
those having not (RR 40.0, 95% CI 3.486, 458.984, and RR 
7.0, 95% CI 1.140, 42.969) (Fig. 1).

We depicted cumulative relapse-free survival rates in 
terms of BVAS and FFS (1996) as predictors of relapse in 
Fig.  2, using Kaplan–Meier survival analysis. There was 
remarkable difference in cumulative relapse-free survival 
between BVAS ≥13.5 and BVAS <13.5 (p = 0.033); how-
ever, there was no significant difference in that between 
FFS ≥ (1996) and FFS (1996) <1 (p = 0.377). With these 
results, we concluded that BVAS ≥13.5 was the only inde-
pendent predictor of relapse of PAN during the follow-up.

Discussion

In this study, when we compared variables between patients 
in no relapse and relapse groups, we found that patients 
having relapse showed the higher frequency of weight loss 
and ocular symptoms and the less frequency of diastolic 
hypertension than those having not. Interestingly, compared 
to ocular symptoms and diastolic hypertension, weight loss 
more than 4 kg showed a great difference between patients 

Fig. 1  Optimal cut-off values of Birmingham vasculitis activ-
ity score (BVAS) and fiver factor scores (FFS) (1996) for predict-
ing relapse of polyarteritis nodosa (PAN). a Proportion of relapse in 
patients having BVAS ≥13.5 was much greater than that in patients 
having BVAS <13.5 (85.7% vs. 13.0%, p < 0.001). b Rate of relapse 

in patients having FFS ≥1 was higher than that in patients having 
FFS <1 (50.0% vs. 12.5%, p = 0.025). Furthermore, patients hav-
ing BVAS ≥13.5 and FFS ≥1 were discovered to have significantly 
increased risk of relapse of PAN, compared to those having not (RR 
40.0, 95% CI 3.486, 458.984, and RR 7.0, 95% CI 1.140, 42.969)

Fig. 2  Cumulative relapse 
free survival rates regarding 
each predictor of relapse of 
polyarteritis nodosa (PAN). a 
There was remarkable differ-
ence in cumulative relapse-free 
survival between BVAS ≥13.5 
and BVAS <13.5 (p = 0.033). 
b However, there was no 
significant difference in that 
between FFS ≥ (1996) and FFS 
(1996) <1 (p = 0.377)
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of the two groups. In addition, on multivariate analysis, 
only weight loss was an independent predictor of relapse of 
PAN. Although we could find no significant differences in 
subclasses of PAN between the two groups in this study, we 
assumed that patients had presented weight loss at diagno-
sis had a tendency to be classified as idiopathic generalised 
PAN. When we conducted a subgroup analysis regarding 
the correlation between weight loss and subclasses of PAN, 
weight loss more than 4 kg was observed in only one of 6 
patients (16.7%) with cutaneous PAN and 2 of 14 patients 
(14.3%) with HBV-associated PAN. By contrast, four of ten 
patients (40.0%) with idiopathic generalised PAN had ever 
presented weight loss as an initial manifestation at diagno-
sis. However, when we investigated the effect of clinical 
manifestations on relapse of PAN by Cox Hazard model 
analysis, due to the small number of subjects, the statistical 
significance of weight loss disappeared (Table 3).

Moreover, we found that patients in relapse group had 
the higher mean initial BVAS and FFS (1996) than those 
in no relapse group. Furthermore, we analysed and com-
pared the mean of BVAS and FFS (1996) among subclasses 
of PAN using ANOVA analysis, but we could recognise 
no significant differences in the mean BVAS and FFS 
(1996) among them [p = 0.100 for BVAS and p = 0.051 
for FFS (1996)]. However, we could confirm the tendency 
of increase in BVAS and FFS (1996) from cutaneous and 
HBV-associated PAN to idiopathic generalised PAN [3.8, 
9.9, and 14.3 for BVAS and 0, 0.6, and 1.4 for FFS (1996)]. 
Furthermore, we first calculated the optimal cut-off val-
ues of BVAS and FFS (1996) to predict relapse of PAN 
using AUROC and we set them 13.5 for BVAS and 1 for 
FFS (1996). We elucidated that patients having BVAS over 
13.5 (RR 40.0) and FFS (1996) over 1 (RR 7.0) showed the 
significantly higher risk of relapse of PAN that those hav-
ing below them. To confirm the follow-up time-dependent 
statistical significance of BVAS and FFS (1996), we con-
ducted Kaplan–Meier survival analysis, as depicted in 
Fig. 2. In addition, we knew that only initial BVAS can pre-
dict relapse of PAN during the follow-up.

In the present study, the detection rate of MPO-ANCA 
or PR3-ANCA in our study-population was relatively high, 
compared to previous reports, and serologic markers of 
ANCA are usually suggestive of ANCA-associated vascu-
litis. Seven patients had MPO-ANCA and three patients 
had PR3-ANCA, and furthermore, three patients turned out 
to have both MPO-ANCA and PR3-ANCA. However, all 
seven patients having either MPO-ANCA or PR3-ANCA 
or both ANCA were not classified as AAV at all. Of seven 
patients having ANCA, five patients underwent biopsy: 
four of five patients exhibited histologic findings compat-
ible to PAN, and one of five patients showed typical small 
aneurysm of a celiac artery, despite no histologic abnor-
mality. Two of seven patients having ANCA, who had not 

taken tissue biopsy, also showed arterial abnormality on 
CT angiography. With these results, seven patients having 
ANCA were finally classified as PAN.

In general, the strategy of treatment of PAN depends 
on subclasses of PAN: (1) non-steroidal anti-inflamma-
tory drugs or colchicine with or without glucocorticoid, 
dapsone, and other immunosuppressive agents are recom-
mended for cutaneous PAN; (2) antiviral agents and glu-
cocorticoid are recommended for HBV-associated PAN; 
(3) either glucocorticoid monotherapy or combination 
therapy with immunosuppressive agents are recommended 
for non-severe idiopathic generalised PAN; and (4) gluco-
corticoid combination therapy with cyclophosphamide, 
azathioprine, methotrexate, and mycophenolate mofetil, are 
currently recommended for moderate-to-severe idiopathic 
generalised PAN. Medications can be shifted to others hav-
ing relatively low risk of adverse effects for maintenance 
therapy after the achievement of remission [2, 25]. When 
we compared both induction and maintenance therapeutic 
regimes between no relapse and relapse groups, we found 
that azathioprine as induction therapy and glucocorticoid 
monotherapy as maintenance therapy significantly differed. 
However, the frequencies of both medications administered 
were higher in relapse group than no relapse group, so we 
did not include those medications in multivariate analy-
sis for discovering the independent predictor of relapse of 
PAN regardless of its subclasses.

Previous studies reported the differences in the relapse 
rates among subclasses of PAN: relapses can occur in less 
than 10% of HBV-associated PAN and up to 24% of idi-
opathic generalised PAN patients [12, 26, 27]. In our study, 
4 of 14 (28.6%) patients with HBV-associated PAN had expe-
rienced relapse and 4 of 10 (40%) patients with idiopathic 
generalised PAN had done it. The relapse rates in our study 
were higher than those in the previous studies. We assumed 
that this discrepancy might result from the two reasons: First, 
only four of ten patients with idiopathic generalised PAN 
had received cyclophosphamide as an induction therapeutic 
regimen and they all had not experienced relapse during the 
follow-up. On the contrary, four patients having relapse had 
refused cyclophosphamide for its serious adverse effects, and 
they had ever received azathioprine or mycophenolate mofetil 
rather than cyclophosphamide as induction therapeutic regi-
mens. Despite the absence of the standardised treatment 
principle to manage from cutaneous to idiopathic generalised 
PAN, cyclophosphamide should be recommended as the first 
line induction therapy in patients with moderate and severe 
idiopathic generalised PAN if there is no contraindication of 
its use [13, 16, 17]. Second, only 5 of 14 patients with HBV-
associated PAN had received antiviral agents, and 4 of them 
had never suffered from relapse during the follow-up. One of 
five patients having received antiviral agents had experienced 
relapse. On the other hands, three of four HBV-associated 
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PAN patients with relapse had not been treated with antivi-
ral agents before or during the administration of immunosup-
pressive drugs. For, the Korean medical insurance could not 
cover antiviral agents when HBV load is lower than the refer-
ence range. Given that Korea is an endemic nation of HBV 
infection and the increased viral load and its immune com-
plex can aggravate PAN, antiviral agents should be primarily 
considered in patients with HBV-associated PAN.

This study has two features that we consider to be 
strength: first, we included only patients having the follow-
up duration for more than 12 months. At least 12 month-
follow-up duration might be a long period enough to 
observe relapse of PAN. Second, we first proposed the opti-
mal cut-off value of initial BVAS as a predictor of relapse 
of PAN. Our study also had several issues: first, the num-
ber of patients included in this study was too small to per-
form subgroup analysis among three clinical variants of 
PAN. Second, this study was designed as a retrospective 
study. And last, since this study is the first trial to propose 
the optimal cut-off value of initial BVAS as a predictor of 
relapse of PAN, the reliability should be tested by the vali-
dation studies. Therefore, future prospective studies with 
larger number of subjects will provide a more reliable data 
regarding predictors of relapse of PAN.

In conclusion, BVAS over 13.5 at diagnosis was the only 
independent predictor of relapse of PAN in this study. We 
suggest that physicians should consider cyclophosphamide 
as an induction therapeutic regimen in patients with idi-
opathic generalised PAN having initial BVAS more than 
13.5. Furthermore, antiviral agents should be considered in 
patients with HBV-associated PAN before the administra-
tion of immunosuppressive drugs.

Acknowledgements This study was supported by a faculty research 
grant of Yonsei University College of Medicine (6-2016-0145) and by 
a grant from the Korea Health Technology R&D Project through the 
Korea Health Industry Development Institute, funded by the Ministry 
of Health and Welfare, Republic of Korea (HI14C1324).

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict 
of interest.

Ethical approval All procedures performed in studies involving 
human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable ethical 
standards.

References

 1. Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F, 
Flores-Suarez LF, Gross WL, Guillevin L, Hagen EC, Hoff-
man GS, Jayne DR, Kallenberg CG, Lamprecht P, Langford 

CA, Luqmani RA, Mahr AD, Matteson EL, Merkel PA, Ozen S, 
Pusey CD, Rasmussen N, Rees AJ, Scott DG, Specks U, Stone 
JH, Takahashi K, Watts RA (2013) 2012 revised International 
Chapel Hill Consensus Conference Nomenclature of Vascu-
litides. Arthritis Rheum 65(1):1–11

 2. De Virgilio A, Greco A, Magliulo G, Gallo A, Ruoppolo G, 
Conte M, Martellucci S, de Vincentiis M (2016) Polyarte-
ritis nodosa: A contemporary overview. Autoimmun Rev 
15(6):564–570

 3. Hernández-Rodríguez J, Alba MA, Prieto-González S, Cid MC 
(2014) Diagnosis and classification of polyarteritis nodosa. J 
Autoimmun 48–49:84–89

 4. Filer AD, Gardner-Medwin JM, Thambyrajah J, Raza K, Car-
ruthers DM, Stevens RJ, Liu L, Lowe SE, Townend JN, Bacon 
PA (2003) Diffuse endothelial dysfunction is common to ANCA 
associated systemic vasculitis and polyarteritis nodosa. Ann 
Rheum Dis 62(2):162–167

 5. Samson M, Puéchal X, Devilliers H, Ribi C, Cohen P, Bienvenu 
B, Ruivard M, Terrier B, Pagnoux C, Mouthon L, Guillevin L, 
French Vasculitis Study Group (FVSG) (2014) Long-term fol-
low-up of a randomized trial on 118 patients with polyarteritis 
nodosa or microscopic polyangiitis without poor-prognosis fac-
tors. Autoimmun Rev 13(2):197–205

 6. Guillevin L, Pagnoux C, Seror R, Mahr A, Mouthon L, Le 
Toumelin P, French Vasculitis Study Group (FVSG) (2011) The 
Five-Factor Score revisited: assessment of prognoses of systemic 
necrotizing vasculitides based on the French Vasculitis Study 
Group (FVSG) cohort. Medicine (Baltimore) 90(1):19–27

 7. Coll-Vinent B, Grau JM, López-Soto A, Oristrell J, Font C, 
Bosch X, Mirapeix E, Urbano-Márquez A, Cid MC (1997) Cir-
culating soluble adhesion molecules in patients with classical 
polyarteritis nodosa. Br J Rheumatol 36(11):1178–1183

 8. Lhote F, Cohen P, Guillevin L (1998) Polyarteritis nodosa, 
microscopic polyangiitis and Churg-Strauss syndrome. Lupus 
7(4):238–258

 9. Trepo C, Guillevin L (2001) Polyarteritis nodosa and extrahe-
patic manifestations of HBV infection: the case against autoim-
mune intervention in pathogenesis. J Autoimmun 16(3):269–274

 10. Lefebvre PGLP, Mouthon L, Cohen P, Lhote F, Guillevin L 
(2001) Polyarteritis nodosa and mixed cryoglobulinaemia 
related to hepatitis B and C virus coinfection. Ann Rheum Dis 
60(11):1068–1069

 11. Ribi C, Cohen P, Pagnoux C, Mahr A, Arène JP, Puéchal X, 
Carli P, Kyndt X, Le Hello C, Letellier P, Cordier JF, Guillevin 
L, French Vasculitis Study Group (2010) Treatment of polyarte-
ritis nodosa and microscopic polyangiitis without poor-prognosis 
factors: A prospective randomized study of one hundred twenty-
four patients. Arthritis Rheum. 62(4):1186–1197

 12. Pagnoux C, Seror R, Henegar C, Mahr A, Cohen P, Le Guern V, 
Bienvenu B, Mouthon L, Guillevin L, French Vasculitis Study 
Group (2010) Clinical features and outcomes in 348 patients 
with polyarteritis nodosa: a systematic retrospective study of 
patients diagnosed between 1963 and 2005 and entered into 
the French Vasculitis Study Group Database. Arthritis Rheum. 
62(2):616–626

 13. Leib ES, Restivo C, Paulus HE (1979) Immunosuppressive 
and corticosteroid therapy of polyarteritis nodosa. Am J Med 
67(6):941–947

 14. Pagnoux C, Mahr A, Hamidou MA, Boffa JJ, Ruivard M, 
Ducroix JP, Kyndt X, Lifermann F, Papo T, Lambert M, Le 
Noach J, Khellaf M, Merrien D, Puéchal X, Vinzio S, Cohen 
P, Mouthon L, Cordier JF, Guillevin L, French Vasculitis Study 
Group (2008) Azathioprine or methotrexate maintenance for 
ANCA-associated vasculitis. N Engl J Med. 359(26):2790–2803

 15. Hiemstra TF, Walsh M, Mahr A, Savage CO, de Groot K, 
Harper L, Hauser T, Neumann I, Tesar V, Wissing KM, Pagnoux 



694 Rheumatol Int (2017) 37:685–694

1 3

C, Schmitt W, Jayne DR, European Vasculitis Study Group 
(EUVAS) (2010) Mycophenolate mofetil vs azathioprine for 
remission maintenance in antineutrophil cytoplasmic antibody-
associated vasculitis: a randomized controlled trial. JAMA. 
304(21):2381–2388

 16. Gayraud M, Guillevin L, le Toumelin P, Cohen P, Lhote F, Casas-
sus P, Jarrousse B, French Vasculitis Study Group (2001) Long-
term followup of polyarteritis nodosa, microscopic polyangiitis, 
and Churg-Strauss syndrome: analysis of four prospective trials 
including 278 patients. Arthritis Rheum. 44(3):666–675

 17. de Groot K, Harper L, Jayne DR, Flores Suarez LF, Gregorini 
G, Gross WL, Luqmani R, Pusey CD, Rasmussen N, Sinico RA, 
Tesar V, Vanhille P, Westman K, Savage CO, EUVAS (European 
Vasculitis Study Group) (2009) Pulse versus daily oral cyclo-
phosphamide for induction of remission in antineutrophil cyto-
plasmic antibody-associated vasculitis: a randomized trial. Ann 
Intern Med. 150(10):670–680

 18. Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman 
GS, Kallenberg CG, St Clair EW, Turkiewicz A, Tchao NK, 
Webber L, Ding L, Sejismundo LP, Mieras K, Weitzenkamp D, 
Ikle D, Seyfert-Margolis V, Mueller M, Brunetta P, Allen NB, 
Fervenza FC, Geetha D, Keogh KA, Kissin EY, Monach PA, 
Peikert T, Stegeman C, Ytterberg SR, Specks U, RAVE-ITN 
Research Group (2010) Rituximab versus cyclophosphamide for 
ANCA-associated vasculitis. N Engl J Med. 363(3):221–232

 19. Guillevin L, Mahr A, Cohen P, Larroche C, Queyrel V, Loustaud-
Ratti V, Imbert B, Hausfater P, Roudier J, Bielefeld P, Petitjean 
P, Smadja D, French Vasculitis Study Group (2004) Short-term 
corticosteroids then lamivudine and plasma exchanges to treat 
hepatitis B virus-related polyarteritis nodosa. Arthritis Rheum 
51(3):482–487

 20. Bae YD, Choi HJ, Lee JC, Park JJ, Lee YJ, Lee EB, Song YW 
(2006) Clinical features of polyarteritis nodosa in Korea. J 
Korean Med Sci 21(4):591–595

 21. Mukhtyar C, Lee R, Brown D, Carruthers D, Dasgupta B, Dubey 
S, Flossmann O, Hall C, Hollywood J, Jayne D, Jones R, Lanyon 

P, Muir A, Scott D, Young L, Luqmani RA (2009) Modification 
and validation of the Birmingham Vasculitis Activity Score (ver-
sion 3). Ann Rheum Dis 68(12):1827–1832

 22. Lightfoot RW Jr, Michel BA, Bloch DA, Hunder GG, Zvaifler 
NJ, McShane DJ, Arend WP, Calabrese LH, Leavitt RY, Lie JT 
et al (1990) The American College of Rheumatology 1990 crite-
ria for the classification of polyarteritis nodosa. Arthritis Rheum 
33(8):1088–1093

 23. Mukhtyar C, Hellmich B, Jayne D, Flossmann O, Luqmani 
R (2006) Remission in antineutrophil cytoplasmic antibody-
associated systemic vasculitis. Clin Exp Rheumatol 24(6 Suppl 
43):S-93-8

 24. Mukhtyar C, Flossmann O, Hellmich B, Bacon P, Cid M, Cohen-
Tervaert JW, Gross WL, Guillevin L, Jayne D, Mahr A, Merkel 
PA, Raspe H, Scott D, Witter J, Yazici H, Luqmani RA, Euro-
pean Vasculitis Study Group (EUVAS) (2008) Outcomes from 
studies of antineutrophil cytoplasm antibody associated vas-
culitis: a systematic review by the European League Against 
Rheumatism systemic vasculitis task force. Ann Rheum Dis 
67(7):1004–1010

 25. Fernanda F, Serena C, Giustina R, Antonella B, Alessandra D, 
Alessio M (2012) Mycophenolate mofetil treatment in two chil-
dren with severe polyarteritis nodosa refractory to immunosup-
pressant drugs. Rheumatol Int 32(7):2215–2219

 26. Guillevin L (1999) Treatment of classic polyarteritis nodosa in 
1999. Nephrol Dial Transpl 14(9):2077–2079

 27. Guillevin L, Cohen P, Mahr A, Arène JP, Mouthon L, Puéchal 
X, Pertuiset E, Gilson B, Hamidou M, Lanoux P, Bruet A, Ruiv-
ard M, Vanhille P, Cordier JF (2003) Treatment of polyarteritis 
nodosa and microscopic polyangiitis with poor prognosis factors: 
a prospective trial comparing glucocorticoids and six or twelve 
cyclophosphamide pulses in sixty-five patients. Arthritis Rheum 
49(1):93–100


	Birmingham vasculitis activity score at diagnosis is a significant predictor of relapse of polyarteritis nodosa
	Abstract 
	Introduction
	Methods
	Patients
	Baseline clinical features, specified organ involvements, prognosis, ANCA measurement, and medications
	Statistical analysis

	Results
	Baseline characteristics of patients with polyarteritis nodosa
	Comparison of variables between patients in no relapse and relapse groups
	Independent predictors of relapse of PAN
	Optimal cut-off values of BVAS and FFS (1996) for predicting relapse of PAN and prognosis

	Discussion
	Acknowledgements 
	References


