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Abstract

Purpose of review—Better biomarkers are needed for guiding management of patients with
vasculitis. Large cohorts and technological advances had led to an increase in pre-clinical studies
of potential biomarkers.

Recent findings—The most interesting markers described recently include a gene expression
signature in CD8+ T cells that predicts tendency to relapse or remain relapse-free in ANCA-
associated vasculitis, and a pair of urinary proteins that are elevated in Kawasaki disease but not
other febrile illnesses. Both of these studies used “omics” technologies to generate and then test
hypotheses. More conventional hypothesis-based studies have indicated that the following
circulating proteins have potential to improve upon clinically available tests: pentraxin-3 in giant
cell arteritis and Takayasu’s arteritis; von Willebrand factor antigen in childhood central nervous
system vasculitis; eotaxin-3 and other markers related to eosinophils or Th2 immune responses in
eosinophilic granulomatosis with polyangiitis (Churg-Strauss syndrome); and MMP-3, TIMP-1,
and CXCL13 in ANCA-associated vasculitis.

Summary—New markers testable in blood and urine have the potential to assist with diagnosis,
staging, assessment of current disease activity, and prognosis. However, the standards for clinical
usefulness, in particular the demonstration of either very high sensitivity or very high specificity,
have yet to be met for clinically relevant outcomes.
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Introduction

Even though the vasculitides are rare diseases, making the diagnosis is usually the easiest
part of caring for the patient. Within each form of vasculitis, there is great diversity in the
severity of disease and the extent of organ-system involvement, both at diagnosis and later.
In most vasculitides, some patients will have monophasic illnesses whereas others will have
relapses, either frequently or infrequently. Permanent damage from previous episodes of
vasculitis can produce symptoms that are difficult to distinguish from symptoms of active
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vasculitis. Finally, patients on immune-suppressive drugs are at risk for both conventional
and opportunistic infections, symptoms of which can also be diificult to distinguish from
vasculitis.

Biopsies have imperfect sensitivity due to sampling error and often have inconclusive
findings, and repeated biopsies of multiple tissues are not feasible, so less invasive
techniques are needed for diagnosis, staging (determining what organs are affected), and
assessment of current disease activity. Non-invasive tests to provide short- and long-term
prognostic information would also be useful. Unfortunately, the laboratory, imaging, and
other tests in common use have limited ability to help the clinician solve these problems.
Better tests are needed, with the goals of making care better, safer, and/or less expensive.

The US National Cancer Institute Dictionary defines a biomarker as “...a biological
molecule found in blood, other body fluids, or tissues that is a sign of a normal or abnormal
process, or of a condition or disease.” Although biomarkers can be sought in biopsy
specimens in order to provide prognostic information, | will confine my review of vasculitis-
related biomarkers to molecules that can be measured in body fluids, since these represent
the bulk of recent research and are the most likely to be developed into clinical tests.
However, it is worth noting that such new tests are likely to involve measurement of
multiple molecules interpreted via complex equations into summary scores for estimating
their predictive value, rather than the quantity of a single protein or metabolite as the
clinician is accustomed to seeing.

Biomarker performance is assessed using sensitivity and specificity. These two values are
often used to do three additional calculations. Receiver operating characteristic (ROC)
curves are made by plotting sensitivity on the Y-axis and (1 — specificity) on the X - axis,
and the area under that curve (AUC) is a summary of overall marker performance, with a
value of 1 representing perfect performance and a value of 0.5 indicating no difference from
random chance. The positive likelihood ratio [LR+ = sensitivity / (1 — specificity)] and the
negative likelihood ratio [LR- = (1 — sensitivity) / specificity] can be used to determine how
a test result would change the odds of one condition versus another. A positive LR of > 8 or
a negative LR of < 0.125 is often regarded as indicating that a test is good enough at
distinguishing two disease states to be considered to be useful in decision-making.

In considering application to clinical problems, LR’s are more useful than AUC, because
often it is either very high specificity of very high sensitivity that is needed. For example,
the positive LR’s of anti-PR3 antibodies for granulomatosis with polyangiitis (Wegener’s;
GPA), of anti-dsDNA antibodies for lupus, and of anti-CCP antibodies for rheumatoid
arthritis are all much greater than 8 due to high specificity, and the negative LR for
antinuclear antibodies (ANA) for lupus is much lower than 0.125 due to high sensitivity.
Conversely, the negative LR’s of anti-PR3, anti-dSDNA, and anti-CCP are all much higher
than 0.125, and the positive LR of ANA is much less than 8. These findings match the
clinical use of these tests to rule in or rule out a given disease. However, the approximate
AUC’s for anti-PR3 (0.9), anti-dsDNA (0.63 — 0.8, difficult to estimate), anti-CCP (0.85),
and ANA (0.95) do not capture the relative strengths and limitations of their clinical use.
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Description of these metrics provides an appropriate transition to the important caveats to
keep in mind when reading biomarker studies. First, statistical significance will be achieved
far more easily than will clinical usefulness. For example, a study with 20-50 patients per
group will likely achieve statistical significance with a positive LR of 2 (or a negative LR of
0.5). Secondly, the comparison of disease states being made may not address a clinically
important issue, and conversely, the studies that could address the relevant issues may be
difficult to perform, for the reasons that are outlined in Table 1. The majority of biomarker
studies involve comparison of patients to healthy controls, or patients with highly active
vasculitis to patients in remission. These are not the unmet needs in management of patients
with vasculitis, but such studies do provide important starting points for studies with more
relevant comparisons, just as observational studies of therapies lead to definitive randomized
trials.

Accepted Biomarkers in Vasculitis

The biomarkers currently in use in vasculitis have been in use longer—usually far longer—
than has the term “biomarker.” Most of these markers are most useful for diagnosis.
Antibodies to proteinase-3 (PR3) or myeloperoxidase (MPO) are highly specific for GPA,
microscopic polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (Churg-
Strauss; EGPA). An elevated peripheral eosinophil count has high sensitivity for EGPA, and
a positive cryoglobulin test has high sensitivity for cryogobulinemic vasculitis.
Inflammatory markers such as the erythrocyte sedimentation rate (ESR) and C reactive
protein (CRP) have high, but by no means perfect, sensitivity for active vaculitis in
untreated patients at first presentation, and thus are useful in ruling out vasculitis,
particularly giant cell arteritis (GCA).

All of these markers are problematic for use in assessing disease activity in patients with
established diagnoses. Many flares of GPA or MPA are accompanied by increases in anti-
PR3 or anti-MPO titers; many flares of EGPA by eosinophilia; many flares of
cryoglobulinemic vasculitis by hypocomplementemia; and many flares of GCA and other
vasculitides by elevated ESR and/or CRP. However, these markers do not appear to have the
same predictive value that they do before treatment [1-3¢], making their use controversial.
Interpreting the literature is difficult for two opposing reasons: the treating physician may
use the abnormal marker result to decide whether a flare is occurring (biasing in favor of an
association), and the treating physician may be incorrect in determining whether a patient is
in remission or not (likely biasing against an association).

The one laboratory test that is highly useful for staging organ involvement is urinalysis,
which is thought to have very high sensitivity for active glomerulonephritis (GN), i.e., a
normal urinalysis is regarded as ruling out GN. Similarly, the presence of red blood cell
casts is regarded as having high specificity (although low sensitivity) for GN. The presence
of significant proteinuria is an important marker for staging and prognosis in Henoch-
Schoenlein purpura and is often used to make decisions regarding treatment. However, once
kidney damage has occurred due to GN, proteinuria, hematuria, and even red blood cell
casts may persist without evidence of progressive kidney disease [4,5], so the high
sensitivity and specificity of different aspects of urinalysis are apparent only during the first
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episode of GN. Discovery of urinary markers of active kidney damage would appear to be
plausible [5-7], but such markers have not reached clinical use in vasculitis.

Giant Cell Arteritis

Because temporal artery biopsies are considered to have imperfect sensitivity (60-90%) for
diagnosing GCA, supplementary tests are needed. Much of this need may be met by imaging
(ultrasound or MRI of the cranial vessels; ultrasound, MRI/MRA, or PET of the aorta and its
branches), but laboratory tests would also be helpful. Although GCA is not thought to be
mediated by antibodies, it is still possible that specific autoantibodies might be generated
during the inflammatory process. One recent study identified antibodies to a peptide derived
from ferritin in patients with GCA and/or polymyalgia rheumatica [8¢]. Using healthy
controls to establish a reference range, 90% of untreated patients had such antibodies.
However, ability to distinguish a later flare from remission was much lower: | calculated a
positive LR of 5.3 and a negative LR of 0.36. Similarly, the rates of positive tests in other
inflammatory diseases ranged from 0-33%, or 16% of all 262 disease controls, giving a
positive LR of 5.6—highly statistically significant, and interesting scientifically, but
unlikely to be useful clinically.

Few new markers of active arterial inflammation or ongoing arterial damage have been
proposed recently, although there have been many papers in the past 20 years showing
statistically significant differences in circulating concentrations of various cytokines,
proteases, and other proteins. Pentraxin 3 (PTX3), which structurally is in the same family
as CRP and serum amyloid A but is made by endothelial cells and activated leukocytes, is
the most promising of the recently reported markers, since it had high specificity compared
to healthy controls or to patients with rheumatoid arthritis or stable coronary artery disease,
and showed some distinction between highly active disease and remission and between
patients with and without optic ischemia [9¢]. In addition, PTX3 showed poor correlation
with ESR or CRP, suggesting that an equation based on multiple markers might improve
current laboratory assessment of GCA. Finally, extensive research on temporal artery
biopsies, either examined directly [10,11], or cultured [12], or transplanted into
immunodeficient mice [13,14], offer many targets to measure in the circulation.

Prognostically, no recent progress has been made beyond the finding, first reported 10 years
ago, that patients with greater inflammatory responses at diagnosis (as exemplified by IL-6
levels) have lower rates of ischemic injury but a greater tendency to relapse and to require
more prolonged treatment with glucocorticoids [15,16].

Takayasu’s Arteritis

Clinical and laboratory assessment of disease activity in Takayasu’s arteritis (TA) are
notoriously difficult [17], and no circulating markers for staging or prognosis have been
identified. Two recent studies have either found [18] or failed to find [19] support for
MMP-3 and MMP-9 as markers of active TA compared to inactive TA or to healthy
controls, as reported in an earlier study [20]. One of these recent studies suggested that low
levels of the soluble receptor for advanced glycation end products (SRAGE) was a more
promising marker for active TA, with an AUC of 0.88 [19].
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However, the most promising potential biomarker for active TA, as in GCA, is PTX3. A
relatively large and well-described study from Italy compared active TA to inactive TA,
healthy controls, and acute (localized) bacterial infections [21]. PTX3 distinguished active
from inactive TA better than did CRP or ESR (AUC = 0.92, 0.68, 0.75 respectively). PTX3
was not elevated at all in acute infections, but multiple previous reports have shown that
elevated PTX3 is associated with sepsis and with organ damage or death in sepsis [22,23].
Elevation of PTX3 in active TA was also reported recently in a Japanese cohort, in a study
that also found no differences in MMP-3 [24].

Polyarteritis Nodosa and Central Nervous System Vasculitis

There have been few studies of biomarkers in polyarteritis nodosa (PAN) and, as far as |
know, none in primary angiitis of the central nervous system (PACNS) in adults, and these
are two diseases in which non-invasive markers for diagnosis, prognosis, and assessment of
current activity would be particularly valuable. Autoantibodies to the LAMP-2 protein were
recently found to be associated with cutaneous PAN [25], but concentrations overlapped
enough with those of healthy controls that this antibody is unlikely to be useful
diagnostically.

On this background, a recent report on von Willebrand factor antigen (vVWF) in childhood
PACNS is notable [26¢]. Circulating VWF appeared to track much better with the clinician’s
global assessment of disease activity than did ESR or CRP. Although rising levels of vWF
with age may make this marker problematic in adults, it is much more likely to show
specificity for active inflammatory diseases in children.

Eosinophilic Granulomatosis with Polyangiitis (Churg-Strauss, EGPA)

Eosinophilia, prominent in the circulation as well as in affected tissues, is the hallmark of
EGPA, but there is suspicion among experts in this disease that the number of circulating
eosinophils may not be an adequate biomarker for active EGPA once a patient has started
treatment, since the eosinophil count usually drops dramatically and rapidly after treatment
with glucocorticoids. Recent studies have demonstrated elevated concentrations of proteins
related to eosinophilia (particularly eotaxin-3) or to Th2 immune responses more generally
(lgG4, CCL17/TARC) in active EGPA compared to healthy controls, inactive EGPA, and/or
other diseases featuring vasculitis or hypereosinophilia [27-30]. The caveat to all studies
comparing active and inactive EGPA is that it is difficult to determine the direct effect of
glucocorticoids—commonly needed to control symptoms of asthma and sinonasal disease in
EGPA—independent of disease activity.

The most interesting finding of these studies was the much lower level of eotaxin-3 in
hypereosinophilic syndromes than in EGPA [27,28]—potentially useful for diagnosis.
Another recent study took a very different approach to distinguishing EGPA from asthma or
hypereosinophilic syndromes: measurement of eicosanoids in exhaled breath concentrates
(EBC). Concentrations of 12-HETE in EBC were markedly higher in EGPA than in the
other diseases, even though 19/23 patients were receiving glucocorticoids, and 15/23 were
clinically in remission [31e].
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Granulomatosis with Polyangiitis (Wegener’s) and Microscopic Polyangiitis

There are probably more studies of biomarkers in GPA than in any other form of vasculitis,
and the list of circulating proteins that are elevated comparing severe, active GPA to inactive
GPA or to healthy controls is long. ESR, CRP, and anti-PR3 or anti-MPO titers are used
clinically to assist with determining disease activity and predicting future flares, but as noted
above, their usefulness is limited. Because of the larger volume of research in these diseases,
my discussion will be selective.

Thirty-eight markers of inflammation, angiogenesis, tissue damage, and repair in 162-186
patients enrolled in a clinical trial [3¢,32,33]. These studies identified MMP-3, TIMP-1, and
CXCL13 (BCA-1) as particularly promising markers among many that showed statistically
significant differences between groups, and the identification of CXCL13 was novel. These
studies are notable for the relatively large numbers of patients and markers, for the analysis
of multiple clinical variables, and for analysis of correlations between the concentrations of
pairs of markers. The poor correlation of these markers between each other, ESR, and CRP
indicates that a model based on multiple markers might have high sensitivity and/or
specificity, but development of such a model would require a separate cohort in which to
test it. In addition, these studies only compared severe, active vasculitis to remission or to
healthy controls, so follow-up studies on clinically relevant endpoints are needed. The same
comment applies to other recently-reported markers that show promise [34-37], but among
these SRAGE is of particular interest because it may reflect the burden of granulomatous
inflammation in GPA [35] and may therefore be useful for assessing “mild” or “limited”
disease activity.

The most exciting development in biomarkers for GPA and MPA concerns prediction of
relapse rates. First, the observation that patients with anti-MPO antibodies have lower
relapse rates than patients with anti-PR3 antibodies has now been reported in multiple
cohorts [38-40], and it may be appropriate to use this information to some degree in clinical
decision-making. Second, in one of the few cohorts described in which ANCA specificity
did not predict relapse rate, a gene expression signature seen only in CD8+ T cells showed
strong prediction of a tendency to remain relapse-free, with this finding confirmed in an
independent cohort and in another disease, systemic lupus [41]. If this finding can be
confirmed in additional cohorts and can be adapted into a test that meets the standards of
laboratory medicine, then it may change the way we decide on long-term treatment plans for
patients, and the way we view the mechanisms or relapse and remission in autoimmune
inflammatory diseases.

Cryoglobulinemic Vasculitis

Concentrations of cryoglobulins and the C4 component of complement are used as
secondary endpoints in treatment trials of cryoglobulinemic vasculitis [42,43], but the ability
of these markers to distinguish the clinical states of complete remission, partial remission,
and ongoing active vasculitis is modest [44]. Levels of various inflammatory cytokines and
chemokines are higher in patients with cryoglobulinemic vasculitis than in controls [45-49],
but it is unclear whether these markers will be of value for clinically relevant endpoints.

Curr Opin Rheumatol. Author manuscript; available in PMC 2015 January 01.
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In patients with cryoglobulinemic vasculitis associated with hepatitis C virus infection,
eradication of the virus is a very favorable prognostic sign for long-term remission, but cases
of recurrent vasculitis without evidence of recurrent viral infection have been reported [50].

Kawasaki Disease

In Kawasaki Disease (KD), there is a need for a highly sensitive diagnostic test, so as to
reduce the number of children receiving unnecessary treatment with IVIG. The N-terminal
product of the cleavage reaction that generates B-type natriuretic peptide (NT-proBNP)
distinguishes KD from other febrile illnesses, but not well enough to make a clinician
confident enough to avoid treatment [51,52]. On this background, use of urine proteomics to
identify two proteins, meprin A and filamin C, with very good distinction of KD from non-
KD febrile illnesses (AUC 0.98, LR not calculated but with specificity of about 80% at a
cut-off value showing 100% sensitivity for KD) represents an important advance with
potential to be useful clinically [53¢e].

A sensitive laboratory test to predict ongoing coronary artery damage despite 1VIG would
also be of use. A host of traditional markers of inflammation and myocardial injury are
higher in KD with than without coronary artery involvement, but not enough to guide
decision making [54]. Baseline NT-proBNP also might help distinguish patients who
develop coronary artery lesions (despite 1VIG) from those who do not, but imperfectly [55].
Decline in urinary meprin A and filamin C showed very good but imperfect discrimination
between patients who responded to initial 1\VVIG therapy and patients who required repeat
treatment, but development of coronary artery lesions despite treatment was not reported
[53e°].

Conclusion

Recent studies have indicated that we can expect laboratory tests to be developed that will
improve diagnosis and management of vasculitis. The use of modern “omics” technologies
has produced the most promising advances recently, by searching among many analytes to
find the one or few that are most useful. However, there is also a good prospect that markers
identified individually by hypothesis-based research will be combined into powerful models
for diagnosis or prognosis. In either case, more evaluation is required before any of the
recent findings can be used clinically, and the ongoing assembly of relatively large cohorts
will be essential to achieving success in this enterprise.
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