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Abstract

Objective—There remains a need for biomarkers to guide therapy in antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis. Our objective was to determine whether measures of
platelet activation or inflammation are associated with disease activity in Wegener’s
granulomatosis (WG).

Methods—Study subjects were participants in a clinical trial. Soluble CD40 ligand (sCD40L), C-
reactive protein, interleukin 6 (IL-6), IL-8, monocyte chemoattractant protein 1 (MCP-1), P-
selectin, vascular endothelial growth factor, and proteinase 3 (PR3)-specific ANCA were
measured by ELISA using plasma samples obtained at baseline (active disease), at remission, and
prior to, during, and after first flares. Disease activity was assessed by the Birmingham Vasculitis
Activity Score for WG (BVAS/WG). Association of biomarkers with disease activity was
determined with conditional logistic and linear regression.

Results—Over a mean followup of 27 months, 180 subjects underwent 2044 visits; markers
were measured in 563 samples. Longitudinally, all markers other than I1L-6 were associated with
disease activity. The strongest associations for active disease at baseline versus remission were
observed for sCD40L (OR 4.72, 95% CI 2.47-9.03), P-selectin (OR 6.26, 95% CI 2.78-14.10),
PR3-ANCA (OR 9.41, 4.03-21.99), and inversely for MCP-1 (OR 0.36, 95% CI 0.22-0.57).
BVAS/WG increased by 0.80 (95% CI 0.44-1.16), 0.83 (95% CI 0.42-1.25), and 0.81 (95% CI
0.48-1.15) per unit-increase in PR3-ANCA, sCD40L, and P-selectin, respectively; and decreased
by 1.54 (95% CI 0.96-2.12) per unit-increase in MCP-1.

Conclusion—Cytokines arising from within the circulation, including those of platelet
activation, correlate with disease activity in WG.
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While most patients with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
[AAV, Wegener’s granulomatosis (WG)] and microscopic polyangiitis achieve remission of
disease, relapses are common and many patients sustain permanent damage from active
disease or from toxic effects of treatment!-2:3. Associations between clinical and laboratory
features of disease and subsequent relapse are weak?, and no reliable predictor for disease
flares is available®8. Useful biomarkers for prediction of relapse and response to therapy are
needed and may provide insight into the pathophysiology of these challenging diseases.

Commonly used acute-phase reactants, such as C-reactive protein (CRP) and interleukin 6
(IL-6) are formed by the liver and activated tissue macrophages as a result of a systemic
inflammatory response’. AAV is characterized by inflammation and necrosis occurring in
the vascular endothelium8. Therefore, it is possible that cytokines and chemokines arising
from within the circulation itself could identify disease activity in AAV better than markers
originating from more distant sources. Further, there is increasing evidence for a biologic
association between thrombosis and inflammation®10, and the increased occurrence of
venous thrombotic events among patients with AAV was recently described and
confirmed!1:12.13 We explored whether selected cytokines originating in the circulation,
including markers related to platelet activation that might have a role in thrombosis, are
associated with disease activity and/or predict disease flares in AAV.

MATERIALS AND METHODS

Study subjects were all participants in the Wegener’s Granulomatosis Etanercept Trial
(WGET; Appendix)14, a multicenter, randomized, double-blind, placebo-controlled trial of
standard therapy with the addition of etanercept or placebo for patients with active WG.
Details of the study design and primary results of the WGET have been published415. One
hundred eighty subjects were enrolled at a time of active vasculitis and followed for a
median of 27 months. Disease activity and specific organ system involvement were assessed
at study visits at baseline, 6 weeks, 3 months, and every 3 months thereafter.

Selection of biomarkers for study

Given the reported association between thrombosis and AAV! and based on a literature
review of the relationship between inflammation and thrombosis, 5 cytokines/chemokines
arising from within the circulation with associations with platelet activation and
inflammatory response were chosen for study: soluble CD40 ligand (sCD40L)16:17 |.-8%.10,
monocyte chemoattractant protein 1 (MCP-1)18.19 p_selectin20:21, and vascular endothelial
growth factor (VEGF)22. Two commonly used markers of inflammation were also selected:
C-reactive protein (CRP) and IL-6. These specific biomarkers were chosen because they
were the most promising measures that could be tested on the stored plasma samples that
had been originally collected with EDTA. Results from all markers measured are reported.

Measurement of biomarkers

Since collection during the WGET study, samples were stored at —=80°C. All new
measurements reported in our study were performed at a single laboratory: the High
Throughput Gene Expression and Protein Analysis Laboratory at the Boston University
Medical Campus. For each marker, all samples from individual patients were assayed on a
single plate and all 7 markers were measured simultaneously from each subject. Commercial
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ELISA kits were used for measurements of all biomarkers. For sCD40L, human sCD40L
BMS293 (Bender MedSystems, Vienna, Austria) was used. For other markers, the following
ELISA kits from R&D Systems (Minneapolis, MN, USA) were used: Quantikine® HS
Human C-Reactive Protein Enzyme-Immunoassay DCRP00, Quantikine® HS Human IL-6
Immunoassay HS600B, Quantikine® Human CXCL8/IL-8 Immunoassay D8000C,
Quantikine® Human CCL2/MCP-1 Immunoassay DCP00, human soluble P-selectin
immunoassay BBE6, and Quantikine® HS Human VEGF Immunoassay DVEOQO. All assays
were used according to manufacturers’ specifications.

Measurement of ANCA titers

Titers of ANCA specific for proteinase-3 (PR3-ANCA) were previously measured in this
cohort by immunofluorescence and capture ELISA using mature PR3 antigen as
described>23,

Clinical outcome assessments

Disease activity was assessed at all study visits using 2 instruments: (1) the Birmingham
Vasculitis Activity Score for Wegener’s Granulomatosis (BVAS/WG)?4, which measures
disease activity due to WG within the 4 weeks preceding a study visit by assessing 34
manifestations of disease weighted 1 or 3, resulting in a composite score ranging from 0
(remission) to 68; and (2) a physician’s global assessment (PGA), a visual analog scale
scored continuously from 0 (remission) to 100. Remission was defined as BVAS/WG =0
and flare of disease was defined as the first visit with BVAS > 0 after remission had been
achieved. Venous thrombotic events were defined according to a prospective protocol, as
described!?.

A secondary analysis of the association of marker levels with “granulomatous” versus
“vasculitic” manifestations of AAV was conducted. The following components of the
BVAS/WG were defined as representing granulomatous disease: mouth ulcers, retroorbital
mass/proptosis, bloody nasal discharge/nasal crusting/ulcer, sinus involvement, swollen
salivary gland, subglottic inflammation, and conductive deafness. A granulomatous subscore
of BVAS/WG was calculated by summing the above granulomatous components. The
following components of the BVAS/WG were defined as representing vasculitic disease:
purpura, skin ulcer, gangrene, scleritis, retinal exudates/hemorrhage, sensorineural deafness,
mesenteric ischemia, alveolar hemorrhage, respiratory failure, hematuria, red blood cell
casts, and rise in creatinine or fall in creatinine clearance. A vasculitic subscore of BVAS/
WG was calculated by summing these vasculitic components!?,

Selection of study samples

Plasma samples were collected at each trial visit. Biomarkers were measured on all subjects
at baseline (a time of active disease) and at the 6-month visit (a time when most subjects
were in remission). For those subjects who were not in remission at 6 months, a sample at
the first visit during remission was chosen. For subjects who experienced a flare of disease,
biomarkers were measured from samples from the visit prior to first flare, the visit of first
flare, and the first visit after flare, regardless of whether the subject had achieved remission
again.

Statistical analysis

At baseline, the cross-sectional association of disease activity (dependent variable) with
marker levels (independent variable) was determined with linear regression.

The longitudinal association of biomarkers with disease activity was determined in 2 ways:
(1) by comparing the difference in marker levels between baseline and remission with
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conditional logistic regression; standardized p coefficients were calculated to assess the
relative strength of each marker’s association with disease activity; and (2) by multiple
linear regression using all samples from all subjects with disease activity as the dependent
variable and marker levels as independent variables. For both these sets of analyses, crude
associations of markers with active disease versus remission were the primary analysis. In
addition, to explore whether candidate markers could differentiate between active disease
and remission beyond currently used markers, estimates adjusted for CRP and PR-3 ANCA
were also obtained. In addition, a multivariate model with all markers included as predictors
was constructed. General estimating equations were used to adjust for multiple samples from
each subject.

Subgroup analysis

RESULTS

In a secondary analysis, crude associations of markers with vasculitic and granulomatous
manifestations of disease were explored using linear regression, with marker levels as
independent variables and the granulomatous-BVAS/WG and vasculitic-BVAS/WG as the
outcome variables, respectively.

Although the WGET study did not demonstrate the clinical efficacy of etanercept, it is
possible that tumor necrosis factor-a blockade could modify the relationship between
marker levels and disease activity2°. To assess whether the association between biomarkers
and disease activity differed between the etanercept-treated and placebo-treated groups,
regression models were run separately in the 2 treatment arms and then by including an
interaction term between treatment and marker levels as an independent variable in the
regression models.

Predictability of remission was determined by Cox proportional hazards regression models,
with time to remission as the outcome variable and biomarker level at baseline as the
predictor variable. An analogous approach was used to determine whether markers could
predict flare of disease. Tests for proportionality of hazards were assessed by testing an
interaction between time and marker levels for significance in the models.

To determine whether biomarkers were associated with thrombosis, logistic regression was
done with thrombosis as the outcome measure and marker levels as the independent
variable, using general estimating equations to adjust for multiple samples from each
subject. Venous thrombotic events (VTE) were represented by a dichotomous variable: a
value of 1 at the study visit immediately following a VTE and a value of zero for all other
study visits.

All statistical analyses were performed on log-marker levels, except for PR3-ANCA. Results
from linear regression are presented as B coefficients with 95% CI, from conditional logistic
regression as OR with 95% ClI, and from Cox proportional hazards regression as hazard ratio
(HR) with 95% CI. A 2-sided a level of 0.05 was considered statistically significant. For the
purpose of providing a graphical representation of change in marker levels at baseline,
remission, and at times surrounding flares, a nonparametric smoothing curve was generated
using the LOESS algorithm. All analyses were performed using SAS, version 9.1 (SAS Inc.,
Cary, NC, USA).

A total of 180 subjects were enrolled in the WGET study and were seen for a total of 2044
study visits. Samples from 563 of 592 selected visits (95%) were available for the bio-
marker measurements.
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Cross-sectional association of biomarkers with disease activity

From the time of active disease at baseline, 179 samples were available. IL-8 was
significantly associated with disease activity according to BVAS/WG, with a 0.77 increase
in BVAS/WG per 1-unit increase in log IL-8 (95% CI 0.23-1.32, p = 0.005), and P-selectin
was significantly associated with disease activity according to PGA, with a 6.12 increase in
PGA per 1-unit increase in log P-selectin (95% CI 1.13-11.11, p = 0.01).

Marker levels during active disease at baseline, remission, and first flares

One hundred sixty-one of 180 subjects achieved remission at the 6-month visit or later;
samples were available for 151 subjects (94%). Five of the 7 markers were positively
associated with active disease versus remission (Table 1). Based on the standardized
estimates, SCD40L and P-selectin appeared to have the strongest association with active
disease. For sCD40L, the OR for active disease was 4.72 (95% CI 2.47-9.03) per unit-
increase in marker level. For P-selectin, the OR for active disease was 6.26 (95% CI1 2.78-
14.1) per unit-increase in marker level. MCP-1 was inversely associated with disease
activity (OR 0.36, 95% CI 0.22-0.57). There was no difference in IL-6 during active disease
versus remission (OR 1.04, 95% CI 0.63-1.71). PR3-ANCA was highly significantly
associated with active disease versus remission (OR 9.41, 95% CI 4.03-21.99). All markers
remained significantly associated with active disease after adjustment for CRP and PR3-
ANCA, respectively, with only modest changes in the effect estimates. In a multivariate
model with adjustments with all other markers, sCD40L, P-selectin, MCP-1, or PR3-ANCA
each remained significantly associated with active disease.

The associations of each marker with active versus inactive disease were similar among
subjects randomized to etanercept and those randomized to placebo, both according to the
analyses conducted separately for each treatment strata and when using an interaction term
between marker level and treatment strata in the regression models (data not shown).

Of the 161 subjects who had achieved remission at the 6-month visit or later, 67 had a
subsequent flare of disease; samples were available for 50 subjects both at remission and
during subsequent flare. Only CRP was significantly associated with active disease during
flare versus remission (OR 1.75, 95% CI 1.02-3.01).

Longitudinal association of biomarkers with disease activity

When analyzing all 563 samples from the 180 subjects, there was statistically significant
association between disease activity (BVAS/WG score) with all markers except IL-6 (Table
2). P-selectin and sCD40L had the strongest associations with disease activity, with a 0.83
increase in log-sCD40L per unit-increase in BVAS/WG and a 0.81 increase in log P-selectin
per unit-increase in BVAS/WG. MCP-1 was inversely associated with disease activity, with
a 0.66 decrease in log MCP-1 per 1-unit increase in BVAS/WG. Results did not vary by
treatment arm. In models adjusted for CRP or PR3-ANCA, respectively, all markers
remained significantly associated with disease activity. In a multiple linear regression model
adjusting for other markers, sSCD40L, P-selectin, and IL-8 remained positively associated
with disease activity, and MCP-1 was inversely associated with disease activity. Analysis
using PGA for disease activity did not result in different conclusions about the estimates of
association or their statistical significance (data not shown). Figure 1 shows changes in
levels of markers at baseline, remission, and time of flare.

Predictability of marker levels on future remission and disease flare

Out of 180 subjects at baseline, 167 achieved remission during the followup period. The
median time to remission was 3 months. Subjects with higher baseline CRP values had
decreased rates of remission: HR 0.82 (95% CI 0.73-0.93) per 1-unit increase in log CRP
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levels. Other markers were not associated with time to remission. Additionally, at the time
of remission none of the markers was associated with time to flare of disease.

Association of marker levels with granulomatous vs vasculitic manifestations of WG

Secondary analysis of the association of marker levels with granulomatous-BVAS/WG and
vasculitic-BVAS/WG found that the association of SCD40L and CRP and the inverse
association of MCP-1 was mainly driven by association with the granulomatous components
of the BVAS/WG, while the associations of VEGF and PR3-ANCA were stronger with the
vasculitic components of the BVAS/WG (Table 3).

Association of markers with venous thromboembolic events

During the followup period, 16 subjects had a first VTE; in most of these subjects the
thrombosis occurred during a period of active disease. IL-6 was associated with VTE (OR
3.17, 95% CI 1.33-7.55). Adjusting for disease activity (BVAS/WG) did not change this
estimate (OR 3.63, 95% CI 1.37-9.66). No other markers were associated with VTE.

DISCUSSION

This large cohort study identified several cytokines as candidate biomarkers for measuring
disease activity in WG. P-selectin, SCD40L, 1L-8, and VEGF were positively, and MCP-1
inversely, associated with vasculitis disease activity. The candidate markers in our study
remained significantly associated with active disease even after adjustment for CRP, a
standard measure of inflammation, or PR-3-ANCA, the most studied biomarker for
AAV>6.26 indicating that the new markers might identify different elements of disease
activity and offer additive value beyond that of these traditional biomarkers. Further, in a
multivariate analysis, sSCD40L, MCP-1, IL-8, and P-selectin remained independently
associated with disease activity after adjustment for other markers. While the cytokines/
chemokines measured in our study likely have several cellular sources, there is evidence that
they originate from cells in close spatial proximity to the endothelium where inflammation
and destruction occurs in AAV, specifically: sSCD40L and P-selectin from platelets?7:28,
IL-8 from endothelial cells?® and circulating monocytes30, VEGF from endothelial cells3!
and platelets®2, and MCP-1 from endothelial cells and circulating monocytes®0. In contrast,
widely accepted acute-phase reactants such as CRP and IL-6 have more distant sources:
CRP is synthesized in the liver and IL-6 in activated tissue macrophages’. Cytokines that
operate at the endothelial level may more directly measure the key biologic processes in
small-vessel vasculitis.

The inverse association of MCP-1 with disease activity was unexpected and contrasts with
previous studies. Monocyte activation has been found to correlate with disease activity in
AAV19. One small study found elevated MCP-1 in serum of patients with WG compared to
healthy controls33, and elevated urinary levels of MCP-1 have been described in subjects
with active renal vasculitis®*. Studies describing the upregulation of MCP-1 at the site of
vascular injury3® but the effective immobilization of MCP-1 by activated platelets36 might
offer a biologic explanation for the decreased concentration of MCP-1 in plasma samples at
times of active versus inactive disease. The absence of association between IL-6 and disease
activity was unexpected®:37:38_ In our study, there was significant positive correlation of
IL-6 with both IL-8, a marker positively associated with disease activity, and with MCP-1, a
marker strongly inversely associated with disease activity (data not shown). These results
suggest that IL-6 has relationships to distinct biologic processes that have different
associations with disease activity in AAV.
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Our findings of positive associations of SCD40L, CRP, and an inverse association of MCP-1
with granulomatous disease activity and positive associations between PR3-ANCA and
VEGF with vasculitic disease activity are interesting and may provide insight into the
biology of the disease. However, given the difficulties in differentiating granulomatous
versus vasculitic disease manifestations, the results of this secondary analysis should be
considered exploratory.

The finding of an association between IL-6 and clinical thrombotic events is consistent with
previous reports®19, However, given a total of only 16 new VTE in the cohort, statistically
significant associations between thromboses and marker levels were not expected.

Our study has important strengths. Plasma samples were collected prospectively from a well
defined longitudinal cohort of patients with WG. Disease activity from all subjects was
scored according to a predefined protocol. All experimental measurements were performed
in an identical fashion at a single laboratory with samples from each subject run in single
batches. This report includes the results of all measured tests, both individually and in
combination, as per the a priori analytic plan. The analysis was planned to study not only
bivariate associations between individual markers and disease activity and relapse, but also
the additive value of the markers when studied in combination.

Our study also has limitations. The standardized p coefficients, provided to offer greater
data interpretability, were calculated using the standard deviation of markers and were thus
affected by the patient population, quality of samples, and reliability of the ELISA Kkits.
Therefore, relative strengths of associations of individual markers with disease activity
should be interpreted with caution. The association between PR3-ANCA and disease
activity is reported here for comparison to the candidate markers but a much fuller
description and analysis has been published®.

Our study demonstrates that several biomarkers arising from within the circulation are
associated with disease activity in WG. Future studies of these and related biomarkers in
different patient cohorts may lead to a greater understanding of the pathophysiology of
vasculitis and to the development of novel measurements of disease activity. It is possible
that if several biomarkers are identified, each identifying different domains of disease
activity, that a composite measure could be developed to help guide therapy.
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Figure 1.

Longitudinal changes of marker levels. Nonparametric smoothing of marker levels at several
timepoints in the study. X axis represents different timepoints, and the Y axis standardized
marker levels after subtraction of the baseline value (all baseline values set to zero). Broken
X axis represents that flares did not occur at the same times for all study subjects.
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