Chest and renal involvements, Birmingham vascular
activity score more than 13.5 and five factor score (1996)
more than 1 at diagnosis are significant predictors of
relapse of microscopic polyangiitis
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ABSTRACT

Objective. We investigated whether
specified organ involvements, antineu-
trophil cytoplasmic antibody (ANCA)
positivity, Birmingham vasculitis ac-
tivity score (BVAS) and five factor
scores (FFS) at diagnosis could pre-
dict relapse of microscopic polyangiitis
(MPA).

Methods. We reviewed the medical
records of 90 patients with MPA. We
collected clinical and prognostic data,
(MPO)-ANCA and proteinase 3 (PR3)-
ANCA, BVAS and FFS at diagnosis,
and we compared them between the
two groups. The optimal cut-off values
of BVAS and FFS (1996) for predicting
relapse were extrapolated.

Results. The mean age of patients (63
women) was 62.3 years and the mean
Jollow-up duration was 41.7 months. At
diagnosis, the mean BVAS, FFS (1996)
and FFS (2009) of patients in no remis-
sion group were higher than those of
patients in remission group (p<0.005
for all). Patients in relapse group ex-
hibited chest and renal manifestations
more frequently than those in no re-
lapse group and the mean BVAS and
FFS (1996) of patients in relapse group
were significantly higher than those of
patients in remission group (p<0.005
for all). There were no differences in
MPO-ANCA and PR3-ANCA between
the two groups. On multivariate logis-
tic regression analysis, chest and renal
manifestations were all independent
predictors of relapse (OR 2.013 and OR
3.517). Patients who had BVAS =13.5
and FFS = 1 exhibited a significantly
increased risk of relapse than those
who did not (RR 4408 and RR 3.030).
Conclusion. Chest and renal involve-
ments, BVAS >13.5 and FFS =1 at di-
agnosis were independent predictors of
relapse of MPA.

Introduction

Microscopic polyangiitis (MPA) is
a systemic autoimmune vascular in-
flammation, which is characterised
by necrotising vasculitis with few or
no immune complex deposition and
which mainly affects small vessels (1,
2). MPA can often provoke crescentric
necrotising glomerulonephritis and it
can occasionally involve lung, leading
to pulmonary capillaritis and alveolar
haemorrhage (2, 3). Beyond kidney
and lung, MPA can affect various or-
gans from skin to central and periph-
eral nerve systems (CNS and PNS)
(1,4). The aetiology of MPA seems to
be multifactorial including ethnicity,
genes, gender and environment. The
incidence of MPA is approximately
1-3 per 1 million people per year and
it has been gradually increasing (5).
Antineutrophil cytoplasmic antibodies
(ANCAs) are a group of autoantibod-
ies which can bind cytoplasmic pro-
teins in neutrophils, myeloperoxidase
(MPO) and proteinase 3 (PR3). MPO-
ANCA is mostly detected in a major-
ity of MPA patients, but the detection
rate of PR3-ANCA is not remarkable
along with no-ANCA (6). Although
the role of MPO-ANCA in the patho-
genesis of MPA still remains unclear,
animal experiments using anti-MPO
antibody transfer or immunisation by
human MPO in nephritis-susceptible
rats might support the potential patho-
genicity of MPO-ANCA in MPA (7, 8).
The treatment modalities in MPA are
similar to those in granulomatosis
with polyangiitis (GPA): a number of
patients may need cyclophosphamide,
rituximab or other immunosuppressive
agents combined with glucocorticoid
as induction therapeutic regimens, be-
cause major organ involvements are
often observed in MPA patients (9, 10).
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Also less toxic immunosuppressive
drugs such as azathioprine or mycophe-
nolate mofetil are necessary in most
patients to prevent relapse after remis-
sion (1, 9). A long-term observational
study reported that 5-year survival
was 78% with a standardised mortal-
ity ratio of 2.6 in comparison with the
normal population, and mortality rate
had a tendency to increase in patients
with MPA having MPO-ANCA posi-
tive, compared to those who did not
(11). After remission, relapse can occur
in up to 34% of patients of MPA, and
PR3-ANCA is more likely to correlate
with relapse of MPA (12).

So far, there have been only two reports
regarding prognosis and clinical out-
come of MPA in Korean patients. The
previous studies included a relatively
small number of patients, and they
mainly focused on the mortality and
co-morbidities such as end stage renal
disease (ESRD), but not relapse. Also,
they did not analyse patients with MPA
separately according to the presence of
MPO-ANCA or PR3-ANCA or they
just mentioned ANCA positivity (13,
14). Hence, in this study, we included
90 patients with MPA and investigated
whether a specified organ involvement,
ANCA positivity, Birmingham vasculi-
tis activity score (BVAS) and five factor
scores (FFS) at diagnosis could predict
relapse of MPA (15-17).

Patients and methods

Patients

We reviewed the medical records of
128 patients, who had been first diag-
nosed with MPA from October 2000 to
May 2016 on the basis of the inclusion
criteria as follows: 1) patients who had
been diagnosed with MPA according
to the algorithm for the classification
of ANCA associated vasculitis and the
2012 revised Chapel Hill Consensus
Conference (2, 18); 2) those who had
been classified as MPA at Division of
Rheumatology, Department of Internal
Medicine, Yonsei University College
of Medicine, Severance hospital; 3)
those who had ever neither had medi-
cal history of other autoimmune and
systemic diseases nor received medi-
cations affecting the false positivity of
MPO-ANCA or PR3-ANCA; 4) those
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who had the laboratory results of MPO-
ANCA and PR3-ANCA measured by
the enzyme-linked immunosorbent as-
say at diagnosis (not perinuclear (P)-
ANCA or cytoplasmic (C)-ANCA by
immunofluorescent assay); 5) those
in whom comments regarding clini-
cal manifestations and specified organ
involvements were described in elec-
tronic medical charts clearly enough
to fill up the forms of BVAS and FFSs
(1996 and 2009) (15-17); 6) those
whose medical records definitely men-
tioned the status of remission, relapse
or refractory disease; 7) in analysis
of relapse-prediction, those who had
achieved remission during the follow-
up (79 patients in this study).

Among 128 subjects, 38 patients were
excluded in this study with reasons as
follows: 6 had been diagnosed with
MPA outside our institute; 7 had been
concurrently classified as autoimmune
connective diseases; 1 had ever re-
ceived propylthiouracil for hyperthy-
roidism; 9 had only results of ANCA
measured by immunofluorescent assay
test; 15 did not have clearly-mentioned
medical records for clinical forms or
disease-prognosis. Finally, we included
90 patients with MPA in this study, and
also selected 79 out of 90 patients, who
had achieved remission, for statistical
analysis of relapse-prediction. This
study was approved by the institutional
Review Board of Severance Hospital.

Baseline demographic data, clinical
manifestations and specified organ
involvements

We obtained age, gender and the fol-
low-up duration at diagnosis. We de-
fined the follow-up duration according
to each prognosis as follows: 1) as the
period from diagnosis to the last visit
for subjects in no relapse group; 2) as
that from diagnosis to relapse for those
in relapse group; 3) as that from diag-
nosis to death or ESRD for those in no
remission group. We collected data of
clinical manifestations and specified
organ involvement as those described
in BVAS version 3 including general,
cutaneous, mucous membrane or eyes,
ear nose throat, chest, cardiovascular,
abdominal, renal and nervous systemic
manifestations (15). We also searched

clinical and laboratory features belong-
ing to items of FFS (1996), as well as
FFS (2009) (16, 17), and we reviewed
pathological findings and drugs as both
induction and maintenance therapeutic
regimens.

MPO-ANCA and PR3-ANCA
measurement

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 Sci-
entific/Phadia, Freiburg, Germany) us-
ing human native antigens, performed
on a Phadia250 analyser after 2013.

Definition of prognosis

Remission was defined as absence of
disease activity attributable to active
disease qualified by the need for on-
going stable maintenance immuno-
suppressive therapy (19). Relapse was
defined as recurrence or new onset of
disease attributable to active vasculitis
(19). Refractory disease was defined
as unchanged or increased disease ac-
tivity in acute vasculitis after 4 weeks
of treatment with standard therapy or
lack of response or chronic and per-
sistent disease after over 12 weeks of
treatment (19). Death and ESRD were
counted only when they were directly
related to MPA.

Statistical analysis

We conducted all statistical analysis
using the SPSS package for Windows
version 23 (IBM). We used Student’s
t-test or Mann-Whitney U-test to com-
pare continuous variables between the
two groups, and we expressed them
as the mean =+ standard deviation. We
analysed significant differences in vari-
ables between the two groups using the
chi-square test and Fisher’s exact test
for categorical variables. The odds ra-
tio (OR) was assessed using multivari-
ate logistic regression of variables with
p-value less than 0.05 on univariate
analysis. The optimal cut-off values of
BVAS and FFS (1996) for predicting
relapse were extrapolated by calculat-
ing the area under the receiver opera-
tor characteristic curve (AUROC) and
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selection to maximise the sum of sen-
sitivity and specificity. In addition, the

Table I. Baseline characteristics of patients with microscopic polyangiitis (n=90).

. . Variables Values
relative risk (RR) of BVAS and FFS —
. Demographic data
(199§) for relapse was analys§d using  “po. (gyefr old) 623+ 165
contingency tables and the chi-square Male gender (n, (%)) 27 (30.0)
test. Cumulative relapse free survival Follow-up duration (months) 417+ 510
_ 2 _ Clinical manifestations (n, (%))
wgs analysec,l by the Kap lan-Meier sur General manifestations 54 (60.0)
vival analysis. P-values less than 0.05 Myalgia 22 (24.4)
: Tot fonifio Arthralgia/arthritis 37 (41.1)
were considered statistically signifi Fever 288°C 39 (433)
cant. Weight loss =2 kg 20 (22.2)
Cutaneous manifestations 32 (35.6)
Infarct (digital ischaemia) 1 (1.1
Results Purpura 9 (10.0)
H ot Others 32 (35.6)
Baseline Cl:mradensncs, . Mucous membranes/Eyes manifestations 7 (7.8)
The baseline characteristics are de- Scleritis/Episcleritis or Conjunctivitis/Keratitis/Blepharitis 7 (7.8)
scribed in Table 1. The mean age of 90 EarPNOSB Thlro.at m?‘“ifelmﬁons ; ggg
. aranasal sinus involvement B
patients (27 men and 63 women) was  Chest manifestations 43 (47.8)
623 years old and the mean follow-up gflt]llsesrlsve haemoptysis/alveolar haemorrhage é% E}Lﬁ;
duration was 41.7 months. At diagno-  Cardiovascular manifestations 34 (37.8)
sis, the most common clinical feature Sztlﬁdiomyopathy or Congestive heart failure 32 866)7)
. . CI's A
was renal manifestations (70.0%),  Abdominal manifestations 6 (6.7)
Bloody diarrhoea 6 (6.7)
followed by general (60.0%), chest Renal enifestations 63 (70.0)
(47.8%), cardiovascular (37.8%) and Proteinuria >1 g/day 29 (322)
cutaneous manifestations (35.6%). (R)‘:l?:rlsms‘lfh“ency gg ggg;
The mean initial BVAS, FFS (1996) Nervous systemic manifestations 30 (33.3)
and FFS (2009) were 16.9, 0.8 and Central nervous system involvement 2 (22)
. AR Peripheral neuropathy or mononeuritis multiplex 28 (31.1)
1.9, respectively. MPO-ANCA was de- BVAS and FFS
tected in 84 patients (93.3%) and PR3- BVaAnS 169+78
ANCA was done in 4 patients (4.4%). FFS (1996) 08+10
. . FFS (2009) 19+£0.8
Two patients (2.2%) had neither MPO-
ANCA nor PR3-ANCA. Kidney was  Antineutrophil cytoplasmic antibody (n, (%)) 84 (933)
the common organ where biopsy was PR3-ANCA 4 (44
performed (53.3%), while biopsy was ANCA-negative 222
not done in 24 patients. Forty-eight pa- Pal}’é{léo(?ical diagnosis site (biopsy) (n, (%)) 7 @
. . . . 1dane .
tients (53.3%) had achieved remission Skin Y 14 (15.6)
without relapse, 31 patients (34.4%) Nerve 10 (11.1)
. Lung 4 (44)
had ever experience relapse after re- Nasal cavity 1 (1.1)
mission, and 11 patients (12.2%) had No biopsy 24 (26.7)
not achieved remission during the  Prognosis (n, (%))
. . Remission and no relapse 48 (53.3)
followjup. Ten patients }.1ad §1ed a.md Remission and relapse 31 (34.4)
12 patients had started dialysis owing No remission 11 (122)
. Death 10 (11.1)
to MPA. Cyclophosphamlde .(4_'2'2%) End stage renal disease 12 (13.3)
was the most frequently administered . L
X K . . Induction therapeutic regimens
induction therapeutic regimen, and glu- Cyclophosphamide* 38 (42.2)
cocorticoid monotherapy (55.6%) was gilguigﬁ;ggmd monotherapy Zg g%%g
a mostly used maintenance therapeutic Calcineurin inhibitor* 5 (5.6)
: Azathioprine™ 3 (3.3)
regimen. Mycophenolate mofetil® 3 (3.3)
No medication . 2 (22)
Comparison of variables between Plasma exchange® 1 (.1
patients in remission and no remission Maintenance therapeutic regimens
Glucocorticoid monotherapy 50 (55.6)
groups ) ) ) Azathioprine™ 25 (27.8)
The mean age of patients in no remis- Methotrexate* 6 (6.7
. hich th that of Calcineurin inhibitor* 4 (44)
SIOI} gI‘O}lp wa's 'lg er than 'a 0O Mycophenolate mofetil* 3(33)
patients 1n remission group, while the No medication 2 (22)

mean follow-up duration of the former Values are expressed as mean + standard deviation and number (%).
was much shorter than that of the lat- *Combination therapy with glucocorticoid.
ter. which might be related to rapid Cr: creatinine; BVAS: Birmingham vascular activity score; FFS: five factor score; MPO: myeloperoxi-

. . . dase; PR3: proteinase 3; ANCA: antineutrophil cytoplasmic antibody.
progression or disease-refractoriness
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including death and ESRD (Table II).
Among clinical manifestations, pa-
tients in no remission group showed
weight loss and renal insufficiency
more frequently than those in remis-
sion group. The mean BVAS, FFS
(1996) and FFS (2009) of patients in
no remission group were remarkably
higher than those of patients in remis-
sion group (p<0.005 for all) (Table II).
The detection rate of ANCAs was not
significantly different between the two
groups. In no remission group, gluco-
corticoid monotherapy was chosen as
an induction therapeutic regimen rather
than cyclophosphamide combined with
glucocorticoid in a majority of cases,
and this might be related to the urgent
situation explained by the relatively
short follow up duration to death or
ESRD (Table II).

Comparison of variables between
patients in no relapse and relapse
groups

There were no significant differences
in demographic data between the two
groups.

Patients in relapse group exhibited
chest and renal manifestations more
frequently than those in no relapse
group (61.3% vs. 33.3%, p=0.015, and
83.9% vs. 58.3%, p=0.017, respective-
ly). Especially, the rates of proteinuria
more than 1 g/day and renal insufficien-
cy in patients with relapse were much
higher than those in patients without
(p<0.002 for all) (Table IIT). The mean
initial BVAS and FFS (1996) of pa-
tients in relapse group were significant-
ly higher than those of patients in re-
mission group (19.0 vs. 14.3, p=0.004,
and 1.0 vs. 0.5, p=0.010, respectively).
However, there was no significant dif-
ference in initial FFS (2009) between
patients in the two groups (Table III).
MPO-ANCA and PR3-ANCA at diag-
nosis did not seem to predict the dis-
ease prognosis in patients with MPA.
Patients belonging to the two groups
had evenly received cyclophosphamide
combined with glucocorticoid as an in-
duction therapeutic regimen. Patients
in no relapse patients had received
glucocorticoid monotherapy more fre-
quently and rituximab and mycopheno-
late mofetil less frequently than those

S-50

Table II. Comparison of variables between patients in remission and no remission groups.

Variables Remission No remission p-value
(n=79) (n=11)

Demographic data
Age (year old) 604 + 164 759 £ 89 0.003
Male gender (n, (%)) 22 (27.8) 5 (45.5) 0.233
Follow-up duration (months) 522+ 59 15 +04 0.006

Clinical manifestations (n, (%))

General manifestations 43 (54.4) 11 (100) 0.004
Myalgia 19 (24.1) 3 (27.3) 0.816
Arthralgia/arthritis 35 (44.3) 2 (18.2) 0.099
Fever > 38°C 32 (40.5) 7 (63.6) 0.147
Weight loss = 2 kg 12 (15.2) 8 (72.7) 0.001

Cutaneous manifestations 30 (38.0) 2 (18.2) 0.199
Infarct (digital ischaemia) 1 (1.3) 0 (0) 0.706
Purpura 9 (114) 0 (0) 0.238
Others 30 (38.0) 2 (18.2) 0.199

Mucous membranes/Eyes manifestations 7 (8.9) 0 (0) 0.304
Scleritis/Episcleritis or Conjunctivitis/Keratitis/ 7 (8.9) 0 (0) 0.304
Blepharitis

Ear Nose Throat manifestations 7 (8.9) 0 (0) 0.304

Paranasal sinus involvement 7 (8.9) 0 (0) 0.304

Chest manifestations 35 (44.3) 8 (72.7) 0.077
Massive haemoptysis/alveolar haemorrhage 10 (12.7) 3 (27.3) 0.196
Others 30 (38.0) 7 (63.6) 0.105

Cardiovascular manifestations 30 (38.0) 4 (36.4) 0918
Cardiomyopathy or Congestive heart failure 4 (5.1) 1.9.1) 0.585
Others 30 (38.0) 3 (27.3) 0.490

Abdominal manifestations 5 (6.3) 1 9.1 0.731
Bloody diarrhoea 5 (6.3) 1 9.1 0.731

Renal manifestations 54 (68.4) 9 (81.8) 0.361
Proteinuria > 1 g/day 23 (29.1) 6 (54.5) 0.091
Renal insufficiency 19 24.1) 8 (72.7) 0.001
Others 50 (63.3) 9 (81.8) 0.226

Nervous systemic manifestations 24 (304) 6 (54.5) 0.111
Central nervous system involvement 1 (1.3) 1 9.1 0.099
Peripheral neuropathy or mononeuritis multiplex 23 (29.1) 5 (455) 0.273

BVAS and FFS
BVAS 16,1 +7.3 228 +8.8 0.007
FFS (1996) 0.9 +0.1 14+04 0.001
FFS (2009) 0.8 +0.1 1.0+03 0.025

Antineutrophil cytoplasmic antibody (n, (%))

MPO-ANCA 75 (94.9) 9 (81.8) 0.102
PR3-ANCA 3 (3.8) 1 9.1) 0.425
ANCA-negative 1 (1.3) 1.9.1) 0.099

Induction therapeutic regimens
Cyclophosphamide* 36 (45.6) 2 (18.2) 0.085
Glucocorticoid monotherapy 22 (27.8) 7 (63.6) 0.017
Rituximab* 9 (11.4) 0 (0) 0.238
Calcineurin inhibitor* 4 (5.1) 1 9.1 0.585
Azathioprine™® 3 (3.8) 0 (0) 0.511
Mycophenolate mofetil* 3 (3.8) 0 (0) 0.511
Plasma exchange* 0 (0) 1 9.1 0.007
No medication 2 (2.5 0 (0) 0.594

Maintenance therapeutic regimens
Glucocorticoid monotherapy 39 (494) 11 (100) 0.002
Azathioprine™ 25 (31.6) 0 (0) 0.028
Methotrexate™ 6 (7.6) 0 () 0.344
Calcineurin inhibitor* 4 (5.1) 0 (0) 0.445
Mycophenolate mofetil* 3 (3.8) 0 (0) 0.511
No medication 2 (2.5 0 (0) 0.594

Values are expressed as mean + standard deviation and number (%).

*Combination therapy with glucocorticoid.

Cr: creatinine; BVAS: Birmingham vascular activity score; FES: five factor score; MPO: myeloperoxi-

dase; PR3: proteinase 3; ANCA: antineutrophil cytoplasmic antibody.
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Table III. Comparison of variables between patients in no relapse and relapse groups.

Variables No relapse Relapse p-value
(n=48) (n=31)
Demographic data
Age (year old) 624+155 573 + 64.6 0.179
Male gender (n, (%)) 12 (25.0) 10 (32.3) 0.482
Follow-up duration (months) 394+ 413 59.2 + 64.6 0.099

Clinical manifestations (n, (%))

General manifestations 23 (47.9) 20 (64.5) 0.148
Myalgia 13 (27.1) 6 (194) 0.433
Arthralgia/arthritis 23 (47.9) 12 (38.7) 0421
Fever =38 ‘C 17 (354) 15 (484) 0.252
Weight loss > 2 kg 7 (14.6) 5 (16.1) 0.141

Cutaneous manifestations 19 (39.6) 11 (35.5) 0.714
Infarct (digital ischaemia) 1 (2.1) 0 (0) 0414
Purpura 6 (12.5) 3 9.7 0.700
Others 19 (39.6) 11 (35.5) 0.714

Mucous membranes/Eyes manifestations 5 (10.4) 2 (6.5) 0.545
Scleritis/Episcleritis or Conjunctivitis/ 5 (10.4) 2 (6.5) 0.545
Keratitis/Blepharitis

Ear Nose Throat 6 (12.5) 1 (3.2 0.157

Paranasal sinus involvement 6 (12.5) 1 3.2 0.157

Chest manifestations 16 (33.3) 19 (61.3) 0.015
Massive haemoptysis/alveolar haemorrhage 4 (8.3) 6 (19.4) 0.150
Others 15 (31.3) 15 (484) 0.125

Cardiovascular manifestations 16 (33.3) 14 (45.2) 0.290
Cardiomyopathy or Congestive heart failure 3 (6.3) 1 (32) 0.549
Others 16 (33.3) 14 (452) 0.290

Abdominal manifestations 2 (42) 3 9.7 0.326
Bloody diarrhoea 2 (42) 3 9.7 0.326

Renal manifestations 28 (58.3) 26 (83.9) 0.017
Proteinuria > 1 g/day 7 (14.6) 16 (51.6) 0.000
Renal insufficiency 7 (14.6) 12 (38.7) 0014
Others 26 (54.2) 24 (77.4) 0.036

Nervous systemic manifestations 15 (31.3) 9 (29.0) 0.834
Central nervous system involvement 0 (0) 1 3.2 0.210
Peripheral neuropathy or mononeuritis multiplex 15 (31.3) 8 (25.8) 0.603

BVAS and Five factor scores (FFS)

BVAS 143 +72 19.0+6.7 0.004
FFS (1996) 05+0.8 1.0+1.0 0.010
FFS (2009) 1.8+0.8 1.8+0.7 0.793

Antineutrophil cytoplasmic antibody (n, (%))

MPO-ANCA 46 (95.8) 29 (93.6) 0.651
PR3-ANCA 2 (4.2) 1 (32 0.831
ANCA-negative 0 (0) 1 (32 0.210

Induction therapeutic regimens
Cyclophosphamide* 23 (47.9) 13 (41.9) 0.602
Glucocorticoid monotherapy 18 (37.5) 4 (12.9) 0.017
Rituximab* 1 (2.1) 8 (25.8) 0.001
Calcineurin inhibitor* 3 (6.3) 1 (32 0.549
Azathioprine™ 1 (2.1) 2 (6.5) 0.321
Mycophenolate mofetil* 0 (0) 3 (9.7 0.028
Plasma exchange® 0 (0) 0 (0) 1.000
No medication 2 (42) 0 (0) 0.250

Maintenance therapeutic regimens
Glucocorticoid monotherapy 23 (47.9) 16 (51.6) 0.748
Azathioprine™ 18 (37.5) 7 (22.6) 0.164
Methotrexate™ 3 (6.3) 3 9.7 0.574
Calcineurin inhibitor* 1 2.1 3 9.7 0.133
Mycophenolate mofetil* 1 (2.1 2 (6.5) 0.321
No medication 2 (42) 0 (0) 0.025

Values are expressed as mean + standard deviation and number (%).

*Combination therapy with glucocorticoid.

Cr: creatinine; BVAS: Birmingham vascular activity score; FES: five factor score; MPO: myeloperoxi-
dase; PR3: proteinase 3; ANCA: antineutrophil cytoplasmic antibody.
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in relapse group (37.5% vs. 12.9%
p=0.017,2.1% vs.25.8%,p=0.001, and
0% vs. 9.7%, p=0.028, respectively).
As maintenance therapeutic regimens,
there were no significant differences
in immunosuppressive drugs including
azathioprine and methotrexate (Table
IIT). On multivariate logistic regression
analysis of these significant variables,
chest and renal manifestations were all
independent predictors of relapse of
MPA (OR 2.013,95% CI 1.141,7.954,
p=0.026, and OR 3.517,95% CI 1.116,
11.082, p=0.032) (Table IV). Since
BVAS and FFSs contain items of the
duplicated clinical manifestations, we
did not include these variables in mul-
tivariate logistic regression analysis.

Optimal cut-off values of BVAS and
FFS (1996) to predict relapse of MPA
Since BVAS and FFS (1996) at diag-
nosis showed significant differences
between patients in no relapse and re-
lapse groups, we calculated the optimal
cut-off values of BVAS and FFS to pre-
dict relapse in 79 patients having expe-
riencing remission on the basis of ROC
curve analysis. And we found that 13.5
of BVAS (AUROC 0.689, 95% CI
0.571, 0.807, p=0.005) and 1 of FFS
(1996) (AUROC 0.656,95% CI1 0.053,
0.782, p=0.020) were the optimal cut-
off values good enough to predict re-
lapse. When we classified 79 patients
into two groups according to the cal-
culated optimal cut-off value of BVAS,
relapse in patients having BVAS =13.5
was identified more frequently than in
those having BVAS <13.5 (53.3% vs.
20.6%, p=0.003). Also when we divid-
ed them into two groups based on the
optimal cut-off value of FFS, relapse in
patients having FFS =1 was observed
more frequently than in those having
FFS <1 (52.6% vs. 26.8%, p=0.019)
(Fig. 1). Furthermore, patients having
BVAS more than 13.5 and FFS more
than 1 exhibited significantly increased
risk of relapse of MPA than those hav-
ing not (RR 4.408, 95% CI 1.595,
12.187, p=0.003, and RR 3.030, 95%
CI 1.184,7.754, p=0.019).

Prognosis

Cumulative relapse free survival rates
regarding each predictor of relapsewere
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Table IV. Multivariate logistic regression analysis of the independent predictive variable
for relapse of microscopic polyangiitis at baseline (n=79).

Variables Odds ratio  95% Confidence Interval ~ p-value
Clinical manifestations
Chest manifestations 3.013 1.141,7.954 0.026
Renal manifestations 3.517 1.116, 11.082 0.032
A B
100 4 M No relapse 100 H No relapse
79.4% I Relapse I Relapse
80 80 73.2%
p=0.003 p=0.019
RR =4.408 RR =3.030
60 - 53.3% 60- 52.6%
46.7% | ' 47.8% py
40 40
26.8%
20.6% i
20 ‘ 20
|
0 L , 0
BVAS <13.5 BVAS 2 13.5 FFS (1996) <1 FFS (1996)2 1

Fig. 1. Optimal cut-off values of Birmingham vasculitis activity score (BVAS) and five factor scores
(FFS) (1996) to predict relapse of microscopic polyangiitis (MPA).

A: Relapse in patients having BVAS = 13.5 was identified more frequently than in those having BVAS
<13.5, and relapse in patients having FFS = 1 was observed more frequently than in those having FFS <1.
B: Patients having BVAS more than 13.5 and FES more than 1 exhibited significantly increased risk of
relapse of MPA than those not having (RR 4.408 and RR 3.030).
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Fig. 2. Cumulative relapse free survival rates regarding each predictor of relapse of microscopic
polyangiitis.

A-B: There were significant differences in cumulative relapse free survival according to presence of
chest and renal involvement.

C-D: Patients having Birmingham vascular activity score (BVAS) <13.5 and five factor scores (FFS)
<1 showed significantly higher cumulative relapse free survival rates than those having BVAS =13.5
and FFS >1.
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depicted in Figure 2. There were signif-
icant differences in cumulative relapse
free survival according to presence of
chest involvement (p=0.00007) and
renal involvement (p=0.022). Further-
more, patients having BVAS <13.5 and
FFS <1 showed significantly higher
cumulative relapse free survival rates
than those having BVAS =13.5 and
FFS =1, (p=0.042 and p=0.0005, re-
spectively).

Discussion

In this study, when we compared vari-
ables between patients in remission
and no remission groups, patients in
no remission group were older and
showed the higher frequency of gener-
al manifestation and renal insufficiency
at diagnosis, and the shorter follow-
up duration than those in remission
group. Moreover, patients in no remis-
sion group had the higher mean ini-
tial BVAS and FFSs (1996 and 2009)
than those in remission group. In fact,
8 of 11 patients in no remission group
died and the rest of them progressed to
ESRD. This result might reflect that pa-
tients in no remission group had more
severe and rapidly progressive disease
than those in remission group, and thus
they had no opportunity to timely re-
ceive immunosuppressive drugs as in-
duction therapeutic regimens. One case
of plasma exchange and no case of
rituximab in no remission group could
also support this assumption.

We found that patients in relapse group
exhibited the higher frequency of chest
(p=0.015) and renal (p=0.017) involve-
ments at diagnosis than those in no
relapse group. And we clarified that
baseline chest and renal involvements
could increase the risk of relapse of
MPA, three and 3.5 times as high as
no involvement (p=0.026 and p=0.032,
respectively). We confirmed this result
using Kaplan-Meier survival analysis
in Figure 2 (p=0.00007 and p=0.0.002,
respectively). Especially, proteinuria
>1g/day, renal insufficiency and other
symptoms including haematuria evenly
contributed to renal manifestations in
relapse group, while variables in chest
manifestation did not. A retrospective
previous study similarly reported chest
involvement as the only predictor of re-
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lapse in dialysis-dependent patients of
MPA, irrespective of massive proteinu-
ria or renal insufficiency (20). Another
retrospective study also reported that
age of 60—69 years, chest involvement
and renal insufficiency were significant
predictors of death in 824 ANCA-pos-
itive rapid progressive glomerulone-
phritis patients (21), similar to our re-
sults. In addition, a retrospective study
recently reported that disease severity
and both FFS (1996) and FFS (2009)
at diagnosis were prognostic factor for
relapse-free survival (22). But pulmo-
nary and renal involvements were not
significant predictors of relapse in con-
trast with our results. In this study, pa-
tients in no relapse group had the high-
er mean BVAS and mean FFS (1996) at
diagnosis than those in relapse group.
However, there was no significant dif-
ference in FFS (2009). Discrepancies
between the two studies might result
from the new item of age >65 years in
FFS (2009), because their study popu-
lation was mainly confined to elderly
patients.

We first extrapolated the optimal cut-
off values of BVAS and FFS (1996) to
predict relapse using AUROC and we
set them as 13.5 of BVAS and 1 of FFS
(1996). We discovered that patients
having BVAS more than 13.5 (RR
4.408) and FFS (1996) more than 1 (RR
3.030) exhibited the significantly high-
er risk of relapse of MPA than those not
having. We confirmed this result using
Kaplan-Meier survival analysis in Fig-
ure 2 (p=0.042 and p=0.0005, respec-
tively). The optimal cut-off of BVAS in
our study, 13.5, is slight high compared
to that in a previous study on Korean
patients with MPA, 9 (13). The differ-
ence can be explained by the aim of
each study: relapse and mortality.

We analysed and interpreted the asso-
ciation of medications as induction as
well as maintenance therapeutic regi-
mens with relapse of MPA. In terms
of induction therapeutic regimens, cy-
clophosphamide plus glucocorticoid
seemed not to prevent relapse of MPA,
but was it true that glucocorticoid mon-
otherapy could prevent it (37.5% for no
relapse and 12.9% for relapse groups,
p=0.017)? The higher frequency of
glucocorticoid monotherapy might re-
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sult from milder disease activity in no
relapse group than relapse group. Both
the higher mean BVAS and FFS (1996)
and higher frequency of rituximab and
mycophenolate mofetil could support
this hypothesis. Two patients provided
with no induction therapy in no relapse
group also indirectly proved milder
disease activity in no relapse group. In
terms of maintenance therapeutic regi-
mens, primarily, there were no signifi-
cant differences in immunosuppressive
drugs between the two groups. Basi-
cally, in generalised or severe cases,
the concomitant administration of glu-
cocorticoid plus immunosuppressive
drugs such as azathioprine, methotrex-
ate, mycophenolate mofetil, lefluno-
mide and rituximab have been strongly
recommended (9, 23-25). Therefore, we
counted the numbers of patients who
had received immunosuppressive drugs
as maintenance therapeutic regimens
and compared them among groups di-
vided by the optimal cut-off values of
BVAS and FFS (1996). Twelve of 24
(50.0%) patients with relapse in 45 pa-
tients having BVAS =13.5 and 9 of 20
(45.0%) patients with relapse in 38 pa-
tients having FFS (1996) =1 had not re-
ceived immunosuppressive drugs after
induction therapy. It must be impossi-
ble to uniformly apply immunosuppres-
sive drugs to MPA patients as mainte-
nance therapeutic regimens owing to
diverse affected organs, various disease
severity and multifarious medical situ-
ations. However, supposed that immu-
nosuppressive drugs combined with
glucocorticoid had been administered
to more patients having BVAS and FFS
(1996) more than each optimal cut-off
after remission, similar to azathioprine
recommended as a maintenance thera-
peutic regimen in eosinophilic granu-
lomatosis with polyangiitis (9, 10), we
could have reduced the rate of relapse
in patients with MPA.

Our study has two features that we con-
sider to be strength: first, we excluded
patients who had only immunofluores-
cent assay results of ANCA (P-ANCA
and C-ANCA), leading to increase in
reliability of diagnosis of MPA. Sec-
ond, we first proposed the optimal cut-
off values of both BVAS and FFS as
predictors of relapse of MPA. But our

study also had several limitations: first,
this study is the first trial to propose the
optimal cut-off values of BVAS and
FFS to predict relapse of MPA, so the
validation of our data should be con-
ducted by further studies. Second, since
we excluded patients who had other
concurrent medical conditions to af-
fect the interpretation of our results and
who had only immunofluorescent as-
say results, the number of subjects was
not large enough to increase statistical
power. Last, this study has a limitation
of a retrospective study. In fact, 15 pa-
tients definitely classified as MPA were
excluded due to unclear medical docu-
ments. Thus, future prospective stud-
ies with larger number of subjects will
provide a more reliable data regarding
predictors of relapse of MPA.

In conclusion, chest and renal involve-
ments were independent predictors of
relapse of MPA during follow-up. And
BVAS more than 13.5 and FFS (1996)
more than 1 at diagnosis were signifi-
cant predictors of relapse of PAN as
well. Thus, we suggest that physicians
should pay more attention to patients
having predictors of relapse, and they
should consider initiating immunosup-
pressive drugs as maintenance thera-
peutic regimens after remission, as long
as there is no contraindication of those
drugs in patients with MPA.
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