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Background: Antineutrophil cytoplasmic antibodies (ANCA) are primarily involved in the
pathogenesis of ANCA-associated vasculitides (AAV). However, ANCA may also be
present in healthy subjects and in patients with autoimmune disorders different from
AAV. We hypothesized that serum ANCA are associated with a worse prognosis in
disorders other than AAV.

Objective: We investigated the association between the overall survival and the presence of
serum ANCA in 1,024 ltalian subjects with various testing indications in a 10-year interval.

Methods: In this retrospective cohort study, a population of 6,285 patients (many of
whom were subsequently excluded due to our criteria) who tested for ANCA at a single
center in 10 years was considered, and life status and comorbidities of subjects were
collected. We compared the overall survival of ANCA-positive and ANCA-negative
patients by means of Kaplan-Meier curves, while a multivariable adjusted Cox
regression was used to evaluate the association between the ANCA status and the
outcome (death) in terms of hazard ratios (HR) with 95% confidence intervals (ClI).

Results: The positivity of perinuclear ANCA (pANCA) increased significantly mortality (HR,
1.60; 95% ClI, 1.10-2.32), while cytoplasmic ANCA (cANCA) positivity failed to show a
significant association (HR, 1.43; 95% ClI, 0.77-2.68). The increased mortality rate was
observed for both pANCA and cANCA in patients suffering from rheumatic disorders. No
association was found between mortality and anti-MPO (HR, 0.63; 95% ClI, 0.20-2.00) or
anti-PR3 (HR, 0.98; 95% ClI, 0.24-3.96) after adjusting for confounders.

Conclusions: Serum pANCA and cANCA are independent negative prognostic factors in
patients with concurrent autoimmune diseases.
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INTRODUCTION

Antineutrophil cytoplasmic antibodies (ANCA) are
autoantibodies primarily involved in the pathogenesis of a
subset of small-vessel vasculitides [ANCA-associated
vasculitides (AAV)]. AAV include granulomatosis with
polyangiitis (GPA, previously called Wegener granulomatosis),
microscopic polyangiitis (MPA), and eosinophilic
granulomatosis with polyangiitis (EGPA, previously Churg-
Strauss syndrome) (1, 2). ANCA are detected by indirect
immunofluorescence (IIF) and chemiluminescence immune
assay (CLIA). By means of IIF, two main patterns can be
observed: cytoplasmic (;CANCA) and perinuclear (PANCA).

The presence of ANCA is not specific to AAV only (3-6). In a
large observational study conducted on rheumatological patients
and published in 2001, presence of ANCA (mainly pANCA) was
also confirmed in a minor proportion of patients with other
disorders, such as rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE), along with ulcerative colitis, autoimmune
hepatitis, and sclerosing cholangitis (3). In 2010, a different study,
which was carried out on a large cohort of unselected patients,
reported positive ANCA testing also among those with infections,
malignancies, and other disorders (4). These results were not
unexpected, as previous smaller studies and clinical reports had
anticipated the presence of ANCA in a wide variety of diseases (5).

By means of chemiluminescence immunoassay (CLIA), it is
possible to detect antigen specificity of ANCA. ANCA can target
several antigens, but the main target antigens of ANCA associated
with AAV are myeloperoxidase (MPO) and proteinase 3 (PR3) (7).

As far as the pathogenic role of ANCA is concerned, MPO has
been reliably shown to induce vasculitis in mice through different
study designs (8, 9). On the contrary, proof of PR3 pathogenicity
has long been elusive to researchers working with animal models
(10). This may be due to the different conformation of proteinase
3 between mice and humans, with human PR3 containing a
hydrophobic patch which is absent in its murine counterpart (11,
12). Furthermore, PR3-ANCA vasculitis seems to be associated
with a particular HLA allele (HLA-DPB1*04) (13).

More than three decades after their initial appearance, ANCA
are still a fundamental adjunct to clinical presentation in the
diagnostic and classification workflow of small-vessel vasculitis
(7, 14). In EGPA, the presence of pANCA is strongly associated
with the phenotype of the disorder and the organs affected (15).
The presence of “natural,” apparently nonpathogenic, ANCA
was also proven in some studies (16, 17). In these studies, ANCA
were observed in the serum of healthy people. As a result, it
seems that ANCA pathogenicity is bound to other conditions,

Abbreviations: ANCA, antineutrophil cytoplasmic antibodies; AAV, ANCA-
associated vasculitides; GPA, granulomatosis with polyangiitis; MPA,
microscopic polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis;
IIF, indirect immunofluorescence; CLIA, chemilumiscence immune assay; ELISA,
enzyme-linked immunosorbent assay; MPO, myeloperoxidase; PR3, proteinase 3;
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; IBD, inflammatory
bowel diseases; PSC, primary sclerosing cholangitis; PBC, primary biliary
cirrhosis; AIH, autoimmune hepatitis; NET, neutrophil extracellular trap;
LAMP?2, lysosome-associated membrane protein 2; HR, hazard ratios; SD,
standard deviation; RERI, relative excess risk due to the interaction.

possibly specific HLA alleles or immune dysregulation. It is also
well conceivable that not all ANCA are equal, with some having
higher titer and antigen affinity than others.

Whatever the case, it is currently unclear what the prognostic
meaning of ANCA in patients with miscellanous disorders is, if
any. Based on their proposed pathogenicity, we hypothesized
that ANCA are associated with a worse prognosis irrespective of
the presence of AAV. Thus, we investigated the association
between the presence of serum ANCA and the overall survival
in a population of Italian patients tested at a single tertiary
centre, in a 10-year interval.

METHODS

This study was designed as a retrospective cohort study, where
exposure was represented by ANCA positivity, and the outcome
was patient’s death.

Study Population

Sera from 6,285 patients were tested for the presence of ANCA in the
Istituto Clinico Humanitas (ICH) laboratory in Rozzano, Italy.
Testing was ordered by immunologists, rheumatologists,
gastroenterologists, neurologists, and other physicians. All samples
were first tested by IIF and, when positive, by CLIA, for anti-MPO
and anti-PR3 (ANCA Test System, Immunoconcept; RA-MPO and
RA-PR3 ZENIT, Menarini Diagnostics, Florence, Italy).

After applying eligibility criteria (Supplemental Methods),
2,904 patients where included in our study (Figure 1). In order to
reduce the chance of selection bias, both ANCA-negative and
ANCA-positive patients data were retrieved from the same

)
6285 patients
tested for ANCA e
%—/ Removal of 9 patients with
- N missing ANCA status
A
6276 patients 4
~————~—— | Removal of 605 duplicated
( A patients
5671 ANCA
patients
\+) Removal of 2767 patients with
a ~ missing ID and outside
2904 ANCA L Lombardia
patients
=
—
258 ANCA + 2646 ANCA -
patients patients
v v
256 ANCA + 768 ANCA - 8 patients lost
patients patients to follow-up

FIGURE 1 | Flowchart of study selection process.
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database of a tertiary hospital (Istituto Clinico Humanitas).
Furthermore, the unexposed population (ANCA negative) was
matched with the exposed population (ANCA positive) for
potential confounders. The 258 patients with ANCA were
considered exposed and matched in a 1:3 ratio with 774
patients without the factor of exposure through a propensity
score-based algorithm [RStudio, package Matchlt (18)]
(Table S1) . Eight patients were lost to follow-up (two exposed
and six unexposed patients). Potential confounders were
identified as age, gender, and the “time of blood draw”, which
is the number of days which elapsed between a predetermined
date (January 1, 2006) and the date on which the blood sample
was drawn for ANCA testing. Accounting for the date on which
patients were tested (“time of blood draw”) was deemed
necessary due to the extensive duration of our study and the
significant variation in immunoassay accuracy and treatment
strategies in the last two decades (19, 20). After adjustment for
confounders, presence of different rheumatic diseases was
considered an effect modifier. Data concerning presence of
rheumatic disease and comorbidities were retrieved from the
electronic health records of the hospital. While it is plausible that
some data about comorbidities may be missing from our records
(in case patients were treated by physicians external to the
hospital), it was considered that this lack of information
should affect patients independently from their ANCA status,
and therefore it would not introduce a systematic bias into our
study. Data concerning status of life were retrieved from the
Italian Health registry system. The Humanitas institutional
review board approved the present retrospective study.

Statistical Analysis

In this retrospective cohort study, data originated from a period
of 10 years, between November 9, 2007 and November 9, 2017.
The follow-up was calculated from the day on which the blood
sample was drawn for ANCA testing to the time of death or, if
this was not observed, to November 9, 2017. Data were collected
in October 2018.

A preliminary statistical analysis was carried out by obtaining
the overall survival by means of Kaplan-Meier curves among
exposed and unexposed patients. Log-rank test was performed to
assess the statistical significance of the difference between the two
groups. Multivariable-adjusted Cox regression was used to
evaluate the association between the exposure and the
outcomes of interest in terms of hazard ratios (HR).

We identified a priori age, gender, and the day on which the
blood sample was drawn as potential confounders. The
proportionality of hazards was confirmed with the Schoenfields
residuals. As matching was performed only based upon the general
ANCA status and not the presence of specific ANCA subtypes,
possible confounding variables (age, gender, day of blood sample
being drawn) have been added as covariates in the Cox regression
stratified for specific ANCA. Linearity of continuous variables was
checked by comparing models with the linear term to the model
with restricted cubic splines. Potential effect modifications were also
included and tested by likelihood ratio test.

Furthermore, to assess the potential effect modification by the
presence of rheumatic disease, the effect of ANCA on survival was

tested on an additive and multiplicative scale (21). Interaction on an
additive scale can be calculated using the relative excess risk due to
interaction (RERI), and means that the combined effect of two
exposures is larger (or smaller) than the sum of the individual effects
of the two exposures, whereas interaction on a multiplicative scale
means that the combined effect is larger (or smaller) than the
product of the individual effects (21).

With a power of 0.8, a sample size of 1,024 patients and an
alpha error of 0.05, our study was able to detect a HR no smaller
than 1.19. Statistical analyses were performed with Stata 15
and RStudio.

RESULTS

Before matching, a total of 2,904 entries were included. The
majority of patients were women (59.3%), and the mean age was
58.78 years (SD, 17.24 years); of these, 258 patients were ANCA
positive, accounting for a prevalence of 8.88%.

Before matching, the mean age of patients was not balanced
(Table S1). The features of our matched population clearly
reflected those of the exposed patients (ANCA+) (Table S1).

The main comorbidities of our matched population are
depicted in Table 1. Among our patients, one-fourth (256)
suffered from an immunological disorder.

The mean follow-up duration was 3.9 years (unexposed 3.97;
exposed 3.78). The total time at risk was 4,018 person-years
(unexposed 3,049, exposed 968). A total of 157 deaths were
observed. Eight patients (six without ANCA and two with
ANCA) were lost to follow-up (missing status of life in Health
registry system of Lombardia).

The presence of ANCA, after matching adjustment,
significantly increased the mortality rate (HR, 1.45; 95% CI,
1.04-2.03). Kaplan-Meier curves stratified by the exposure are
reported in Figure 2. There was evidence of difference in the
overall survival between ANCA and non-ANCA groups (Log-
rank test for equality of survivor functions with p = 0.029).

The effect of the ANCA status on survival was then evaluated
by stratifying patients with cANCA, pANCA, or no ANCA at all
(Table 2). After adjusting for confounders, the presence of
cANCA did not increase the mortality rate (HR, 1.43; 95% CI,
0.77-2.68). On the contrary, the presence of pANCA increased
the mortality rate (HR, 1.60; 95% CI, 1.10-2.32). No association
was found between mortality and anti-MPO (HR, 0.63; 95% CI,
0.20-2.00) or anti-PR3 (HR, 0.98; 95% CI, 0.24-3.96) after
adjusting for confounders.

Based on the initial findings, it was hypothesized that the
presence of autoimmune disorders may modify the effect of
ANCA on mortality. The interaction of all autoimmune
disorders (including IBD, RA, PSC, PBC, AIH, AAV, and
others) with pANCA and cANCA was therefore considered.
The effect modification of ANCA by rheumatic disease is
reported in Table 3. The presence of cANCA and pANCA
patients suffering from rheumatic disease was associated with
higher mortality compared with reference population
(respectively, HR, 3.12; 95% CI, 1.28-7.55 and HR, 2.08; 95%
CI, 1.08-4.01). Patients without ANCA in absence of rheumatic
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TABLE 1 | Comorbidities and ANCA status in the matched population.

Age (year + SD)
Male %

Time of blood draw (days)

mean + SD
GPA (No. (%))
EGPA (No. (%))
MPA (No. (%))
UC (No. (%))
PSC (No. (%))
RA (No. (%))
SLE (No. (%))
PNS (No. (%))
Other (No. (%))

Other RD (No. (%))

CD (No. (%))
IHD (No. (%))
CVD (No. (%))
CNS (No. (%))
RLV (No. (%))
AlH (No. (%))
PBC (No. (%))
Sum*

ANCA- (IIF)

64.0 + 16.9
36.8
2,702 + 1,1
24
4(05)
3(0.4)
4(05)
19 (2.5)
4(05)
18 (2.3)
554 (72.1)
95 (12.4)
2(0.3)
33 (4.9)
12 (1.6)
9(1.2)
4(05)
7(0.9)
768

cANCA (IIF) PANCA+ (IIF) Anti-PR3+ (ELISA) Anti-MPO+ (ELISA) Sum*
65.9 + 18.0 63.4 +18.7 60.6 + 19.8 66.0 + 15.4
31.0 39.4 411 50.5
2,305 + 1,1 2,796 + 1,1 3,046 + 8 2,777 + 8,1
79 00 98 71
6 (10.3) 3(1.5) 4(23.5) 2 (6.5) 12 (1.2)
- 6(3.0) - 4 (12.9) 9(0.9
- 2(1.0) - 2 (6.5) 2(0.2)
46.9 18 (8.9) 3(17.6) - 25 (2.4)
- 1(0.5) - - 1(0.1)
1(1.7) 10 (4.9) - - 30 (2.9)
1(1.7) 2(1.0) 1(5.9) - 6(0.6)
1(1.7) 5(2.5) - 2 (6.5) 24 (2.3)
28 (48.2) 93 (45.9) 6 (35.3) 8 (25.8) 673 (65.7)
9(15.5) 32 (15.8) 1(5.9) 2 (6.5) 136 (13.9)
- 3(1.5) - - 5(0.5)
46.9 8(3.9 2(11.8) - 45 (4.4)
- 3(1.5) - - 15 (1.5)
1(1.7) 1(0.5) - - 11 (1.0)
1(1.7) 12 (5.9) - 10 (32.2) 13 (1.3)
1(1.7) 3(1.5) - 13.2) 8(0.8)
1(1.7) 1(0.5) - - 9(0.9
58 203 17 31 1,024

GPA, granulomatosis with polyangitis; EGPA, eosinophilic granulomatosis with polyangitis;, MPA, microscopic polyangitis; UC, ulcerative colitis; PSC, primary sclerosing cholangitis; RA,
rheumatoid arthritis; SLE, systemic lupus erythematosus; PNS, neuropathies; Other, all disorders not included in different categories; Other RD, all the rheumatic disorders not included in
different categories; CD, Crohn’s disease; IHD, ischemic heart disease; CVD, nonischemic cardiovascular disease; CNS, central nervous system disorders; RLV, renal-limited vasculitis;

AlH, autoimmune hepatitis; PBC, primary sclerosing cholangitis.

*Sum of pANCA and cANCA is higher than 256 (261) due to the presence of patients with ANCA double positivities.

Kaplan-Meier survival estimates

o
27—
—
S ——

2 T T
o .
=)
I.n_ -l
o
Yo}
(\,! s
[S)
o
O_ o
o T T T T T T

0 2 4 6 8 10

analysis time

Number at risk
ANCA- 768 (59) 495 (19) 344 (16) 212 (8) 113 (5) 18
ANCA+ 256 (27) 161 (12) 106 (6) 67 (4 32 (1) 1

|

FIGURE 2 | The association of ANCA status with overall survival. The
Kaplan-Meier curve showed an overall 10-year event-free survival of

0.74 £ 0.03 (95% Cl, 0.67 to 0.79) in ANCA-negative group and 0.66 + 0.05
(95% Cl, 0.55 to 0.75) in ANCA-positive group (log-ranks test p < 0.029).

ANCA negative ANCA positive

TABLE 2 | Crude and adjusted estimate effect of ANCA status on mortality rate.

HR [95% CI] Adjusted HR [95% CI]
No ANCA 1.00 - 1.00 -
cANCA 1.27 0.68-2.37 1.43 0.77-2.68
pANCA 1.51 1.06-2.18 1.60 1.10-2.31

Adjustment for age, sex, and time of blood draw.

disease have been considered reference category (stratum with
the lowest risk of death).

Furthermore, to obtain all the information needed to assess
effect modification of rheumatic disease (13), HRs for ANCA
status within strata of immunological disorders are reported in
Table 3. Among patients without rheumatic disease, there was
no evidence of an effect on mortality of cANCA and pANCA
compared with no ANCA (respectively, HR, 0.75; 95% CI, 0.27-
2.05 and HR, 1.23; 95% CI, 0.75-2.02). Among patients with
rheumatic disease, the mortality rate was more than double
compared with patients without ANCA. The RERI was 2.39
(95% CI, —0.14-6.93) and 0.79 (95% CI, —0.86-3.20) for cAANCA
and pANCA, respectively. On multiplicative scale, the effect
modification was 3.387 and 1.626, respectively. To verify that
the effect modification of ANCA by rheumatic disease was not
restricted to vasculitides only, a sensitivity analysis was carried
out excluding patients affected by AAV (Table 4). Results were
consistent with the previous analysis confirming that the effect
modification observed was not ascribable to AAV.

Using the same sequence of analysis, the effect modification of
ANCA by rheumatoid arthritis and AAV are reported in Tables
$2, 83, respectively. Because of low sample size in some strata, we
could just focus on these two disorders. For the same reason, we
could only assess pANCA effect in rheumatoid arthritis analysis.

Patients with pANCA (Table S2) and rheumatoid arthritis had
higher mortality compared with patients without ANCA without
rheumatoid arthritis (HR, 9.55;95% CI, 1.85-49.5). Among patients
without rheumatoid arthritis, there was no evidence of an effect of
PANCA compared with no ANCA (HR, 1.38; 95% CI, 0.94-2.04).
On the contrary, among patients with rheumatoid arthritis, the
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TABLE 3 | Effect modification of ANCA by rheumatic disorders on mortality rate.

ANCA absent cANCA pANCA HRs (95% CI) for ANCA within strata
of rheumatic disorders
N deaths/ HR (Cl 95%) N deaths/ HR (Cl 95%) N deaths/ HR (Cl 95%) cANCA pANCA
alive alive alive

Rheumatic 90/536 1 4/28 0.75 (0.27-2.03); 20/90 1.31 (0.80-2.15); 0.75 (0.27-2.05); 1.283 (0.75-2.02);

disorders absent p =0.565 p=0.272 p =0.577 p = 0.406
Rheumatic 17/125 0.98 (0.58-1.65); 714 3.12 (1.28-7.55); 19/74 2. 08 (1.08-4.01); 2.54 (1.01-6.37); 2.00 (1.03-3.89);

disorders present p =0.930 p=0.012 p =0.028 p =0.047 p =0.040

HRs are adjusted for age, sex, and time of blood draw.

TABLE 4 | Effect modification of ANCA by rheumatic disorders excluding patients affected by ANCA-related vasculitides on mortality rate.

ANCA absent cANCA pANCA HRs (95% CI) for ANCA within strata
of Rheumatic disorders
N deaths/ HR (Cl 95%) N deaths/ HR (Cl 95%) N deaths/ HR (Cl 95%) cANCA pANCA
alive alive alive

Rheumatic 90/536 1 4/28 0.74 (0.27-2.03); 20/90 1.32 (0.80-2.12); 0.75 (0.27-2.05); 1.23 (0.75-2.02);

disorders absent p =0.565 p =0.30 p =0.577 p =0.406
Rheumatic 14/121 0.87 (0.49-1.54); 3/13 4.08 (1.15-14.43); 15/55 2.82 (1.36-5.85); 2.55 (1.01-6.37); 2.00 (1.03-3.89);

disorders present p =0.634 p =0.029 p =0.006 p =0.047 p =0.040

HRs are adjusted for age, sex, and time of blood draw.

mortality rate was higher in patients with pANCA compared with
patients without ANCA (HR, 10.80; 95% CI, 1.64-71.2). The RERI
was 8.68, while on multiplicative scale, the effect modification
was 7.804.

Analysis in AAV confirmed that there was no positive effect
modification of the presence of ANCA across strata of AAV on
an additive scale (Table S3).

DISCUSSION

Our retrospectively analyzed data from 1,024 Italian patients tested
for the presence of serum ANCA indicate that the prevalence of
ANCA affects the survival of tested subjects in a fashion depending
on the IIF pattern and the rheumatological comorbidities.

First and foremost, we observed that the ANCA prevalence is
similar to the one reported from other countries. Existing
differences among populations are likely to originate from the
heterogeneity of indications for testing and patient’s selection,
although true geographical variations in the prevalence of ANCA
may also exist. A comparison of our unmatched population with
similar studies performed in the past (summarized in Table S4)
demonstrates a strong heterogeneity. Still, several trends emerge
from the evaluation. First, the prevalence of ANCA positivity
seems to be lowest in the general population, it is greater in
patients with nonspecific indications, and is highest among
rheumatological patients (4, 17, 22-25). This finding is also
confirmed by the different prevalence of ANCA among
patients with (44.5%) and without (18.5%, p < 0.00001)
autoimmune diseases within the whole cohort of patients.
Second, in our study, the number of patients actually
diagnosed with AAV is a small fraction of the tested subjects,

but the percentage increases in those patients with a specific
rheumatological indication for ANCA testing (3). In the present
study, the low yield of the test for detection of AAV was probably
due to different indications. There is a single study which
reported both age and gender of patients with ANCA. It found
results similar to ours (4). The prevalence of ANCA in both
cohorts was higher among females and the elderly than it would
be expected from the overall composition of the population.

An increase in overall mortality was observed in all patients
with ANCA with respect to matched controls and the presence of
ANCA, already adjusted with matching, increased the mortality
rate, while this effect on mortality rate was restricted to pANCA
after matching. When the presence of a rheumatic disease was
accounted as a potential effect modifier, we observed that
cANCA and pANCA increased mortality only in the presence
of rheumatic diseases. These findings were confirmed by a
sensitivity analysis carried out when we excluded patients with
AAV, confirming that the effect modification was not ascribable
to AAV. Furthermore, when AAVs were tested as a potential
effect modifier, we were unable to confirm a positive effect
modification induced by the presence of ANCA across strata of
AAV on RERI and multiplicative scale.

We believe that these results have a potentially remarkable clinical
impact since they suggest that ANCA define a subset of
immunological patients with a more aggressive course of disease
while the mechanisms can only be hypothesized. On one hand, it is
possible that ANCA are the consequence of a more extensive systemic
immune dysfunction. A plausible mechanism is an increased
formation of ANCA in patients with higher production of NETs.
NETs, which are implicated in the development of ANCA, are also
involved in promoting the inflammatory state in RA, SLE, and other
autoimmune disorders (26-29). ANCA could hence be just an
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indicator of alongstanding break in immune tolerance with increased
NET production and associated systemic inflammation. On the other
hand, ANCA may be directly pathogenic in a specific context. As no
effect was observed in patients without rheumatic diseases, it is likely
that their pathogenicity is dependent on different factors. ANCA may
elicit damage only under conditions that are present in autoimmune
diseases, namely, alterations in the activation of complement and
cellular immunity (30, 31). In this setting, ANCA may favor
neutrophils recruitment to sites of inflammation (32).
Furthermore, NET production may also be stimulated by ANCA
in predisposed patients, with a resulting increase in disease
aggressiveness (28). Clearly, the two hypotheses are not exclusive if
a circular model of inflammation is considered. ANCA may be at the
same time an epiphenomenon of a more aggressive course of disease
and a further mediator of inflammatory activity.

Our results are in partial agreement with a study conducted
by Drooger et al. in 2009 (33) although differences in the size of
the populations and enrolment criteria make comparison
difficult. These authors investigated 54 patients with ANCA
and a control group matched in 1:1 ratio. In addition, the
presence of an AAV or other disorder was not considered an
effect modifier. These features prevent us from understanding
whether the observed increase in mortality in their study was due
to the association of ANCA with AAV. In spite of a relatively
long follow-up of 4.3 years, no events (deaths) were observed in
their control group, thus raising the possibility of a selection bias.
Finally, it should be considered that the primary aim of that
study was the comparison of patients with anti-PR3 and anti-
MPO, with the first group eventually found to have a decreased
survival than the second (45% vs. 81%).

In our study, data about the effects of ANCA in AAV may have
been incomplete due to the limitations of testing. Anti-LAMP2 are
not commonly tested in these patients and false negatives (due to
ceruloplasmin fragments) may also have occurred (34, 35).

Moreover, our results may have been limited by not accounting
for patients’ comorbidities during matching or during the
subsequent statistical analysis. Due to the retrospective nature of
our study, we were unable to define which comorbidities were
already present before patients entered the study. We assumed
that both ANCA-negative and ANCA-positive patients did not
significantly differ in their baseline status for factors other than
their ANCA status. If this assumption proved to be wrong, the
validity of our results would be doubtful.

Another limitation of our study is the discrepancy of results
between ANCA testing with indirect immunofluorescence (highly
associated with mortality) and testing with immunoassays (ELISA,
not associated with mortality). This may be due to several reasons.
Possibly, earlier ELISA tests were not as sensitive as IIF, and this
reduced accuracy was reflected in our results (19, 36). However,
this effect should be absent from future studies, as more recent
immunoassays (ELISA, CLIA) have been proven to be as accurate
as (or more accurate than) IIF (37). It is also plausible that the
effect we observed on mortality is mediated by ANCA-targeting
antigens other than MPO and PR3.

Of note, the striking increase in mortality risk observed in RA
patients with pANCA has been observed for the first time in our

study. As it applies to only five patients affected by RA and with
PANCA positivity, this finding should be considered with extreme
caution. Itis however consistent with the results of a study published
in 1997, in which the presence of ANCA (especially pANCA) was
strongly associated with nephropathy and a more aggressive course
of disease in RA (38). Another study published in 2000 also found
ANCA to be correlated with the presence of rheumatoid factor and
erosive bone disease in RA (39). These findings were not confirmed
by other studies that found no association between the severity of
RA and the presence of ANCA (40, 41).

Recently, a case-control study was published in which the
presence of serum ANCA several years before the onset of
ANCA-associated vasculitis was observed (42). While this
study clearly applies to a different setting, it promotes the
pathogenic nature of ANCA in humans.

In conclusion, this is the first study to investigate mortality
associated with ANCA outside the setting of vasculitis, and its
preliminary results should prompt future research efforts to
provide more evidence on this issue, either to support or
confute our findings.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because data requests will be evaluated and consent given only
within the boundaries of the Italian regulations. Requests to access
the datasets should be directed to enrico.brunetta@humanitas.it.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Istituto Clinico Humanitas IRCCS Rozzano, Italy.
The ethics committee waived the requirement of written
informed consent for participation.

AUTHOR CONTRIBUTIONS

EnB and GR designed the study and wrote the first draft. EIB and
EV helped with data acquisition and study review. EM
contributed with data analysis. MF, MDS, RF, CA, and CS
contributed to writing, organizing, and reviewing the final
manuscript. CS contributed to coordinating the effort of the
individual researchers. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

The authors are indebted to Daniela Zugna for her precious help.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
714174/tull#supplementary-material

Frontiers in Immunology | www.frontiersin.org

September 2021 | Volume 12 | Article 714174


https://www.frontiersin.org/articles/10.3389/fimmu.2021.714174/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.714174/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Brunetta et al.

ANCA Status and Mortality Association

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sinico RA, Radice A. Antineutrophil Cytoplasmic Antibodies (ANCA)
Testing: Detection Methods and Clinical Application. Clin Exp Rheumatol
(2014) 32:5112-7.

. Jennette JC, Falk RJ, Andrassy K, Bacon PA, Churg J, Gross WL, et al.

Nomenclature of Systemic Vasculitides. Proposal of an International
Consensus Conference. Arthritis Rheumatol (1994) 37:187-92. doi: 10.1002/
art.1780370206

. Schénermarck U, Lamprecht P, Csernok E, Gross WL. Prevalence and

Spectrum of Rheumatic Diseases Associated With Proteinase 3-
Antineutrophil Cytoplasmic Antibodies (ANCA) and Myeloperoxidase-
ANCA. Rheumatology (2001) 40:178-84. doi: 10.1093/rheumatology/40.2.178

. Tsiveriotis K, Tsirogianni A, Pipi E, Soufleros K, Papasteriades C.

Antineutrophil Cytoplasmic Antibodies Testing in a Large Cohort of
Unselected Greek Patients. Autoimmune Dis (2011) 2011:626495. doi:
10.4061/2011/626495

. Bosch X, Guilabert A, Font J. Antineutrophil Cytoplasmic Antibodies. Lancet

(2006) 368:404-18. doi: 10.1016/S0140-6736(06)69114-9

. Mahr A, Batteux F, Tubiana S, Goulvestre C, Wolff M, Papo T, et al. Brief

Report: Prevalence of Antineutrophil Cytoplasmic Antibodies in Infective
Endocarditis. Arthritis Rheumatol (2014) 66:1672-7. doi: 10.1002/art.38389

. Suwanchote S, Rachayon M, Rodsaward P, Wongpiyabovorn J,

Deekajorndech T, Wright HL, et al. Anti-Neutrophil Cytoplasmic
Antibodies and Their Clinical Significance. Clin Rheumatol (2018) 37:875-
84. doi: 10.1007/s10067-018-4062-x

. Xiao H, Heeringa P, Hu P, Liu Z, Zhao M, Aratani Y, et al. Antineutrophil

Cytoplasmic Autoantibodies Specific for Myeloperoxidase Cause
Glomerulonephritis and Vasculitis in Mice. J Clin Invest (2002) 110:955-63.
doi: 10.1172/JCI10215918

. Xiao H, Heeringa P, Liu Z, Huugen D, Hu P, Maeda N, et al. The Role of

Neutrophils in the Induction of Glomerulonephritis by Anti-
Myeloperoxidase Antibodies. Am ] Pathol (2005) 167:39-45. doi: 10.1016/
S0002-9440(10)62951-3

Gomez-Puerta JA, Bosch X. Anti-Neutrophil Cytoplasmic Antibody
Pathogenesis in Small-Vessel Vasculitis: An Update. Am ] Pathol (2009)
175:1790-8. doi: 10.2353/ajpath.2009.090533

Martin KR, Witko-Sarsat V. Proteinase 3: The Odd One Out That Became an
Autoantigen. J Leukoc Biol (2017) 102:689-98. doi: 10.1189/jlb.3MR0217-069R
Ramponi G, Folci M, De Santis M, Damoiseaux JGMC, Selmi C, Brunetta E.
The Biology, Pathogenetic Role, Clinical Implications, and Open Issues of
Serum Anti-Neutrophil Cytoplasmic Antibodies. Autoimmun Rev (2021) 20.
doi: 10.1016/j.autrev.2021.102759

Gregersen JW, Erikstrup C, Ivarsen P, Glerup R, Krarup E, Keller KK, et al.
PR3-ANCA-Associated Vasculitis Is Associated With a Specific Motif in the
Peptide-Binding Cleft of HLA-DP Molecules. Rheumatology (2019). doi:
10.1093/rheumatology/kez111

Robson ], Grayson P, Ponte C, Suppiah R, Craven A, Khalid S, et al
Classification Criteria for the ANCA-Associated Vasculitides. Rheumatology
(2019) 58. doi: 10.1093/rheumatology/kez058.050

Sinico RA, Di Toma L, Maggiore U, Bottero P, Radice A, Tosoni C, et al.
Prevalence and Clinical Significance of Antineutrophil Cytoplasmic
Antibodies in Churg-Strauss Syndrome. Arthritis Rheumatol (2005)
52:2926-35. doi: 10.1002/art.21250

Cui Z, Zhao M-H, Segelmark M, Hellmark T. Natural Autoantibodies to
Myeloperoxidase, Proteinase 3, and the Glomerular Basement Membrane Are
Present in Normal Individuals. Kidney Int (2010) 78:590-7. doi: 10.1038/
ki.2010.198

Deshpande P, Lucas M, Brunt S, Lucas A, Hollingsworth P, Christine Bundell
C. Low Level Autoantibodies can be Frequently Detected in the General
Australian Population. Pathology (2016). doi: 10.1016/j.pathol.2016.03.014
Ho DE, Imai K, King G, Stuart EA. MatchlIt: Nonparametric Preprocessing for
Parametric Causal Inference. J Stat Softw (2011) 42(8):1-28. doi: 10.18637/
jss.v042.i08

Holle J, Herrmann K, Gross W, Csernok E. Comparative Analysis of Different
Commercial ELISA Systems for the Detection of Anti-Neutrophil Cytoplasm
Antibodies in ANCA-Associated Vasculitides. Clin Exp Rheumatol (2012) 30
(1 Suppl 70):566-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman GS, et al.
Rituximab Versus Cyclophosphamide for ANCA-Associated Vasculitis.
N Engl ] Med (2010) 363:221-32. doi: 10.1056/NEJM0a0909905

Knol MJ, VanderWeele TJ. Recommendations for Presenting Analyses of
Effect Modification and Interaction. Int | Epidemiol (2012) 41:514-20. doi:
10.1093/ije/dyr218

Stone JH, Talor M, Stebbing J, Uhlfelder ML, Rose NR, Carson KA, et al. Test
Characteristics of Immunofluorescence and ELISA Tests in 856 Consecutive
Patients With Possible ANCA-Associated Conditions. Arthritis Care Res
(2000) 13:424-34. doi: 10.1002/1529-0131(200012)13:6<424::AID-
ART1453.0.C02-Q

McLaren JS, Stimson RH, McRorie ER, Coia JE, Lugmani RA. The Diagnostic
Value of Anti-Neutrophil Cytoplasmic Antibody Testing in a Routine Clinical
Setting. QM (2001) 94:615-21. doi: 10.1093/gjmed/94.11.615

Watts RA, Lane SE, Scott DG, Koldingsnes W, Nossent H, Gonzalez-Gay MA,
et al. Epidemiology of Vasculitis in Europe. Ann Rheumatol Dis (2001)
60:1156-7. doi: 10.1136/ard.60.12.1156a

Chehroudi C, Booth RA, Milman N. Diagnostic Outcome and Indications for
Testing in Patients With Positive ANCA at a Canadian Tertiary Care Centre.
Rheumatol Int (2018) 38:641-7. doi: 10.1007/s00296-017-3905-0

Villanueva E, Yalavarthi S, Berthier CC, Hodgin JB, Khandpur R, Lin AM,
et al. Netting Neutrophils Induce Endothelial Damage, Infiltrate Tissues, and
Expose Immunostimulatory Molecules in Systemic Lupus Erythematosus.
J Immunol (2011) 187:538-52. doi: 10.4049/jimmunol.1100450

Khandpur R, Carmona-Rivera C, Vivekanandan-Giri A, Gizinski A,
Yalavarthi S, Knight JS, et al. NETs Are a Source of Citrullinated
Autoantigens and Stimulate Inflammatory Responses in Rheumatoid
Arthritis. Sci Transl Med (2013) 5(178):178ra40. doi: 10.1126/scitranslmed.
3005580

Lee KH, Kronbichler A, Park DD-Y. Neutrophil Extracellular Traps (NETs) in
Autoimmune Diseases: A Comprehensive Review. Autoimmun Rev (2017)
16:1160-73. doi: 10.1016/j.autrev.2017.09.012

Berthelot J-M, Le Goff B, Neel A, Maugars Y, Hamidou M. NETosis: At the
Crossroads of Rheumatoid Arthritis, Lupus, and Vasculitis. Jt Bone Spine
(2017) 84:255-62. doi: 10.1016/j.jbspin.2016.05.013

Xiao H, Schreiber A, Heeringa P, Falk RJ, Jennette JC. Alternative
Complement Pathway in the Pathogenesis of Disease Mediated by Anti-
Neutrophil Cytoplasmic Autoantibodies. Am ] Pathol (2007) 170:52-64. doi:
10.2353/ajpath.2007.060573

Schreiber A. L10. Animal Models of ANCA-Associated Vasculitis: Effector
Mechanisms and Experimental Therapies. Press Medicale (2013) 42:520-3.
doi: 10.1016/j.Ipm.2013.01.010

Radford DJ, Luu NT, Hewins P, Nash GB, Savage COS. Antineutrophil
Cytoplasmic Antibodies Stabilize Adhesion and Promote Migration of
Flowing Neutrophils on Endothelial Cells. Arthritis Rheumatol (2001)
44:2851-61. doi: 10.1002/1529-0131(200112)44:12<2851::AID-ART473>3.0.
CO;2-2

Drooger JC, Dees A, Swaak AJG. ANCA-Positive Patients: The Influence of
PR3 and MPO Antibodies on Survival Rate and The Association With Clinical
and Laboratory Characteristics. Open Rheumatol J (2009) 3:14-7. doi:
10.2174/1874312900903010014

Peschel A, Basu N, Benharkou A, Brandes R, Brown M, Rees AJ, et al.
Autoantibodies to hLAMP-2 in ANCA-Negative Pauci-Immune Focal
Necrotizing Gn. ] Am Soc Nephrol (2013) 25:455-63. doi: 10.1681/
ASN.2013030320

Roth AJ, Ooi JD, Hess JJ, van Timmeren MM, Berg EA, Poulton CE, et al.
Epitope Specificity Determines Pathogenicity and Detectability in ANCA-
Associated Vasculitis. ] Clin Invest (2013) 123:1773-83. doi: 10.1172/JCI165292
Radice A, Bianchi L, Maggiore U, Vaglio A, Sinico RA. Comparison of PR3-
ANCA Specific Assay Performance for the Diagnosis of Granulomatosis With
Polyangiitis (Wegener’s). Clin Chem Lab Med (2013) 51:2141-9. doi: 10.1515/
cclm-2013-0308

Damoiseaux J, Csernok E, Rasmussen N, Moosig F, van Paassen P, Baslund B,
et al. Detection of Antineutrophil Cytoplasmic Antibodies (ANCAs): A
Multicentre European Vasculitis Study Group (EUVAS) Evaluation of the
Value of Indirect Immunofluorescence (IIF) Versus Antigen-Specific
Immunoassays. Ann Rheumatol Dis (2017) 76:647-53. doi: 10.1136/
annrheumdis-2016-209507

Frontiers in Immunology | www.frontiersin.org

September 2021 | Volume 12 | Article 714174


https://doi.org/10.1002/art.1780370206
https://doi.org/10.1002/art.1780370206
https://doi.org/10.1093/rheumatology/40.2.178
https://doi.org/10.4061/2011/626495
https://doi.org/10.1016/S0140-6736(06)69114-9
https://doi.org/10.1002/art.38389
https://doi.org/10.1007/s10067-018-4062-x
https://doi.org/10.1172/JCI0215918
https://doi.org/10.1016/S0002-9440(10)62951-3
https://doi.org/10.1016/S0002-9440(10)62951-3
https://doi.org/10.2353/ajpath.2009.090533
https://doi.org/10.1189/jlb.3MR0217-069R
https://doi.org/10.1016/j.autrev.2021.102759
https://doi.org/10.1093/rheumatology/kez111
https://doi.org/10.1093/rheumatology/kez058.050
https://doi.org/10.1002/art.21250
https://doi.org/10.1038/ki.2010.198
https://doi.org/10.1038/ki.2010.198
https://doi.org/10.1016/j.pathol.2016.03.014
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.1056/NEJMoa0909905
https://doi.org/10.1093/ije/dyr218
https://doi.org/10.1002/1529-0131(200012)13:6%3C424::AID-ART14%3E3.0.CO;2-Q
https://doi.org/10.1002/1529-0131(200012)13:6%3C424::AID-ART14%3E3.0.CO;2-Q
https://doi.org/10.1093/qjmed/94.11.615
https://doi.org/10.1136/ard.60.12.1156a
https://doi.org/10.1007/s00296-017-3905-0
https://doi.org/10.4049/jimmunol.1100450
https://doi.org/10.1126/scitranslmed.3005580
https://doi.org/10.1126/scitranslmed.3005580
https://doi.org/10.1016/j.autrev.2017.09.012
https://doi.org/10.1016/j.jbspin.2016.05.013
https://doi.org/10.2353/ajpath.2007.060573
https://doi.org/10.1016/j.lpm.2013.01.010
https://doi.org/10.1002/1529-0131(200112)44:12%3C2851::AID-ART473%3E3.0.CO;2-2
https://doi.org/10.1002/1529-0131(200112)44:12%3C2851::AID-ART473%3E3.0.CO;2-2
https://doi.org/10.2174/1874312900903010014
https://doi.org/10.1681/ASN.2013030320
https://doi.org/10.1681/ASN.2013030320
https://doi.org/10.1172/JCI65292
https://doi.org/10.1515/cclm-2013-0308
https://doi.org/10.1515/cclm-2013-0308
https://doi.org/10.1136/annrheumdis-2016-209507
https://doi.org/10.1136/annrheumdis-2016-209507
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Brunetta et al.

ANCA Status and Mortality Association

38.

39.

40.

41.

42.

Mustila A, Korpela M, Mustonen J, Helin H, Huhtala H, Soppi E, et al.
Perinuclear Antineutrophil Cytoplasmic Antibody in Rheumatoid Arthritis: A
Marker of Severe Disease With Associated Nephropathy. Arthritis Rheumatol
(1997) 40:710-7. doi: 10.1002/art.1780400417

Mustila A, Paimela L, Leirisalo-Repo M, Huhtala H, Miettinen A.
Antineutrophil Cytoplasmic Antibodies in Patients With Early Rheumatoid
Arthritis: An Early Marker of Progressive Erosive Disease. Arthritis
Rheumatol (2000) 43:1371-7. doi: 10.1002/1529-0131(200006)43:6<1371::
AID-ANR22>3.0.CO;2-R

Vittecoq O, Korpela M, Mustonen J, Helin H, Huhtala H, Soppi E, et al.
Prospective Evaluation of the Frequency and Clinical Significance of
Antineutrophil Cytoplasmic and Anticardiolipin Antibodies in Community
Cases of Patients With Rheumatoid Arthritis. Rheumatology (2000) 39:481-9.
doi: 10.1093/rheumatology/39.5.481

Tur BS, Siildiir N, Ataman S, Tutkak H, Atay MB, Diizgiin N. Anti-Neutrophil
Cytoplasmic Antibodies in Patients With Rheumatoid Arthritis: Clinical,
Biological, and Radiological Correlations. Jt Bone Spine (2004) 71:198-202.
doi: 10.1016/j.jbspin.2003.04.002

Berglin E, Mohammad AJ, Dahlgyvist J, Johansson L, Eriksson C, Sjowall J,
et al. Anti-Neutrophil Cytoplasmic Antibodies Predate Symptom Onset of

ANCA-Associated Vasculitis. A Case-Control Study. ] Autoimmun (2021)
117:102579. doi: 10.1016/j.jaut.2020.102579

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Brunetta, Ramponi, Folci, De Santis, Morenghi, Vanni, Bredi,
Furlan, Angelini and Selmi. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

September 2021 | Volume 12 | Article 714174


https://doi.org/10.1002/art.1780400417
https://doi.org/10.1002/1529-0131(200006)43:6%3C1371::AID-ANR22%3E3.0.CO;2-R
https://doi.org/10.1002/1529-0131(200006)43:6%3C1371::AID-ANR22%3E3.0.CO;2-R
https://doi.org/10.1093/rheumatology/39.5.481
https://doi.org/10.1016/j.jbspin.2003.04.002
https://doi.org/10.1016/j.jaut.2020.102579
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Serum ANCA and Overall Mortality: A 10-Year Retrospective Cohort Study on 1,024 Italian Subjects
	Introduction
	Methods
	Study Population
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


