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ABSTRACT

Introduction: Granulomatosis with polyangi-
itis (GPA) and microscopic polyangiitis (MPA)
are two related forms of systemic vasculitis.
Patients with these conditions often experience
relapses affecting various body systems. Here we
describe rates of relapse and review healthcare
costs resulting from relapse among patients
with GPA/MPA.
Methods: Two groups of patients with GPA and
MPA were selected from the MarketScan claims
databases between 2011 and 2013 based on
diagnosis codes. Patients were followed for
12 months to identify relapses based on an
algorithm of diagnoses in medical and medica-
tion claims. Relapses were categorized into one
of the following groups: renal relapse, pul-
monary relapse, other relapse-associated

condition relapse, GPA or MPA utilization
relapse, and mixed relapse.
Results: The final sample of patients with GPA
and MPA consisted of 2707 and 740 patients,
respectively. In both groups, approximately
one-quarter of patients experienced relapse
during the 12-month follow-up period. The
mean all-cause healthcare costs in the 4-month
period after relapse were $38,313 (SD, $54,120)
for patients with GPA and $35,947 (SD,
$48,065) for patients with MPA. In both groups,
renal relapses were the costliest. Costs during
the 4 months immediately following relapses
were substantially higher than what could be
expected over a 4-month follow-up among
patients who did not experience relapse based
on 12-month all-cause costs (GPA, $32,005 [SD,
$64,570]; MPA, $61,044 [SD, $125,093]).
Conclusions: Relapses are common among
patients with GPA and MPA, and treatment of
relapses can be costly. More effective therapies
are needed to prevent relapses.
Funding: Genentech, Inc.
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INTRODUCTION

Granulomatosis with polyangiitis (GPA), for-
merly known as Wegener’s granulomatosis, and
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microscopic polyangiitis (MPA) are two types of
antineutrophil cytoplasmic autoantibody
(ANCA)–associated vasculitis [1]. Both condi-
tions are characterized by inflammation of
small- and medium-sized arteries [1]. Inflam-
mation of small blood vessels can lead to tissue
damage, typically in the respiratory tract and
the kidneys [1]. In GPA, granulomas, charac-
teristic conglomerates of necrotic tissue and
inflammatory cells, can be present. Granulomas
are not typically identified in MPA [1]. Current
treatment options include cytotoxic agents
(such as cyclophosphamide and methotrexate)
or a monoclonal antibody (rituximab), in com-
bination with corticosteroids [2–4].

Despite treatment, disease recurrences are
very common. Studies have estimated that that
30 to greater than 50% of patients with GPA
experience a relapse within a 4-year period fol-
lowing the initial diagnosis [5–8]. In clinical
practice, GPA relapses are generally identified
using the Birmingham Vasculitis Activity Scale
(BVAS) [9]. The scale includes several conditions
such as cutaneous ulcers, limb gangrene,
mesenteric ischemia, respiratory failure, stroke,
and decrease in kidney function [9]. Treating
these events, including with medications and
procedures, such as renal dialysis, can be very
costly. A previously conducted analysis, which
used US administrative healthcare claims data,
found that during a 1-year follow-up, patients
with GPA, who experienced a major relapse,
incurred healthcare costs that were more than
double the costs of patients who did not expe-
rience a relapse [10]. However, that analysis did
not evaluate relapses among patients with MPA
and did not attempt to classify relapses by the
organ system. Therefore, the aim of this analysis
was to describe the burden of illness of relapse
for patients with GPA or MPA by type of relapse.
Specifically, the objectives of the current anal-
ysis were to: (1) identify the rates of major
relapse among patients with MPA, (2) identify
the rates of pulmonary and renal relapses in
patients with GPA and MPA, and (3) to assess
the healthcare costs incurred following a major
relapse.

METHODS

Data Source

This analysis was conducted in the Truven
Health MarketScan Commercial and Medicare
Supplemental administrative claims databases.
The data include enrollment records, inpatient
and outpatient medical claims, and outpatient
pharmacy claims linked by a unique enrollee
identifier. Enrollees include individuals insured
through a variety of health insurance plans,
including fee-for-service and capitated plans.
These databases have been utilized in many
previously published analyses [11]. The data
were previously collected, statistically de-iden-
tified, and HIPAA compliant; therefore, ethics
approval for this study was not required in
accordance with the policies of Truven Health
Analytics. This article is based on previously
conducted data, and does not involve any new
studies of human or animal subjects performed
by any of the authors.

Patient Selection

Patients with C 2 non-diagnostic claims (i.e.,
claims that did not have procedure codes for
laboratory or radiology tests) with a diagnosis of
GPA (ICD-9-CM 446.4) in any position during
the period from March 1, 2011, to March 1,
2013, were selected. The date of the first claim
with a GPA diagnosis during that period was
designated as the index date. Patients must have
been C 18 years old and continuously enrolled
for C 12 months following the index date.
Patients who had continuous enrollment
for C 12 months prior to the index date with no
claims with a GPA diagnosis during that time
(i.e., a 12-month clean period) were classified as
incident patients with GPA. All other patients
were classified as prevalent patients with GPA.

There is no specific ICD-9-CM diagnosis code
for MPA. Therefore, to select patients with MPA,
all patients with C 2 non-diagnostic claims
coded as unspecified arteritis (ICD-9-CM 447.6),
between March 1, 2011 and March 1, 2013,
were identified. Again, the date of the earliest
claim of the unspecified arteritis diagnosis
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during the 2-year period was designated as the
index date. Patients were required to
be C 18 years old and continuously enrolled
for C 12 months following the index date. In
order to fulfill additional criteria, all potential
patients with MPA were also required to have
been enrolled for 12 months prior to the index
date. Patients were required to have had C 1
non-diagnostic claim with a diagnosis of acute
or chronic renal failure, glomerulonephritis, or
hemoptysis during 1 month prior to or
6 months after the index date, as these condi-
tions are recognized as manifestations of MPA.
Lastly, patients who had C 1 non-diagnostic
claim with a diagnosis of GPA, hepatitis B, or
hepatitis C during the 12 months prior to the
index date and up to 24 months after the index
date were excluded, to avoid misclassification of
MPA. Patients with MPA who had no claims
with the unspecified arteritis diagnosis during
the 12 months before the index date were con-
sidered incident cases; all others were consid-
ered prevalent cases. Patients with GPA or MPA
were selected from the MarketScan databases
using previously published algorithms [10].

Study Design

This study was a retrospective analysis. As
described above, the index date was the date of
first diagnosis of GPA or MPA in the claims data
between March 1, 2011, and March 1, 2013. The
follow-up period was defined as the 12 months
after the index date. The presence of relapse was
evaluated during the 12-month follow-up per-
iod. Costs were measured both during the
4 months following a relapse, based on the
average duration of relapses from the RAVE
trial, and over the 12-month follow-up period
after the index date [12].

Variables

Demographic characteristics were established
on the index date using enrollment records and
clinical characteristics were assessed in the fol-
low-up period for all patients using medical
claims. Demographic characteristics included
age, sex, and geographic region. Clinical

characteristics captured included the
Deyo–Charlson Comorbidity Index (CCI) [13]
and the diagnoses of relapse-associated condi-
tions, based on the major items in the BVAS
scale, listed in any position in a non-diagnostic
claim (acute/chronic renal failure, gangrene,
scleritis, retinal exudates/hemorrhage, sen-
sorineural deafness, mesenteric ischemia, alve-
olar hemorrhage, respiratory failure,
meningitis, spinal cord lesion, stroke, cranial
nerve palsy, sensory peripheral neuropathy,
motor mononeuritis multiplex). It should be
noted that no ICD-9-CM diagnosis code exists
that is specific to alveolar hemorrhage; there-
fore, the code for hemoptysis was used. Diag-
nosis codes for relapse-associated conditions
can be found in Supplemental Table S1.

The presence of a major relapse in the follow-
up period was determined by an algorithm
based on diagnoses in medical claims and
medication use [10]. For incident patients,
claims in the first 30 days after the index date
were not evaluated for relapse, in order to avoid
counting the initial diagnosis as a relapse event.
The first step in the algorithm was to identify a
non-diagnostic inpatient or emergency room
claim with the diagnosis of GPA (or unspecified
arteritis diagnosis for MPA patients) in any
position, C 2 non-diagnostic outpatient office
visit claims coded as GPA (or unspecified
arteritis diagnosis for patients with MPA) in any
position in a 30-day period, or a non-diagnostic
claim with a diagnosis of a relapse-associated
condition listed. If present, the earliest date that
met these criteria was considered a potential
relapse date. Following the identification of one
of these three criteria, the claims available
within the next 30 days were screened for the
presence of a claim for a medication commonly
used in active therapy (oral or intravenous
cyclophosphamide, rituximab, oral corticos-
teroids with prednisone-equivalent dose
of[20 mg, or intravenous corticosteroids).
Finally, if a claim for one of the aforementioned
medications was present and the patient had no
evidence of a relapse in the 30 days prior to the
potential relapse date (no claims for medica-
tions or claims meeting the criteria considered
in the first step of the algorithm were identi-
fied), the event was classified as a major relapse,
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and the potential relapse date was designated as
the relapse date. This algorithm, which was
designed to identify major relapse in patients
with GPA using claims data, has been previously
published [10]. Relapses of GPA and MPA dur-
ing the 12-month follow-up period were
captured.

Each relapse during the follow-up period was
classified into one of five types (renal relapse,
pulmonary relapse, other relapse-associ-
ated–condition relapse, GPA [or MPA] utiliza-
tion relapse, and mixed relapse) using the
claims on the relapse date. If there was a claim
with a diagnosis of acute or chronic renal failure
on the relapse date, the relapse was considered
to be a renal relapse. Similarly, if there was a
diagnosis of hemoptysis or respiratory failure,
the relapse was considered to be a pulmonary
relapse. If a diagnosis of another relapse-associ-
ated condition based on the major items of the
BVAS was recorded, the relapse was categorized
as an ‘‘other relapse-associated condition’’
relapse. Finally, if these diagnoses were not
present but the relapse was identified based on
an inpatient admission or an emergency room
claim with a GPA (or unspecified arteritis)
diagnosis, or two outpatient office visit claims
with a GPA (or unspecified arteritis) diagnosis
within a 30-day window, the relapse was con-
sidered a utilization relapse. A relapse that met
the definition for[1 category was considered a
mixed relapse.

To estimate the cost of a relapse, the amount
paid (including insurer-paid and patient-paid
portions) on the inpatient and outpatient
medical claims, as well as outpatient pharmacy
claims in the 4 months after the first relapse
date, were captured. Both all-cause costs (re-
gardless of the diagnosis on the claims) and
disease-specific costs (i.e., GPA-specific costs
and MPA-specific costs) were measured. Disease-
specific costs were the sum of the amount paid
on medical claims with the GPA diagnosis in
any position or unspecified arteritis diagnosis in
any position for patients with MPA, medical
claims with a diagnosis of a relapse-associated
condition in any position, or an outpatient
pharmacy claim for GPA and MPA pharma-
cotherapies (corticosteroids, cyclophos-
phamide, methotrexate, azathioprine,

leflunomide, rituximab, or mycophenolate
mofetil). All-cause and disease-specific costs
were measured for the following service cate-
gories: inpatient stay, emergency department
visit, outpatient office visit, other outpatient
services, and outpatient pharmacy. The sum of
these costs was considered the total cost. Costs
were not limited to costs for caring for the
specific type of relapse. For example, while all-
cause and GPA-specific costs after a renal relapse
were captured, renal-specific costs are not pre-
sented separately. They would be included as a
part of all-cause and GPA-related costs based on
the aforementioned definitions of those mea-
sures. The exception was dialysis, which is
commonly used for patients with renal
involvement in vasculitides; thus, the inpatient
and outpatient dialysis costs were specifically
captured. All-cause healthcare costs and disease-
specific costs were calculated only for patients
who had continuous enrollment for 4 months
following the relapse. The costs following
mixed relapses were included in costs after any
relapse but were not reported separately. Costs
were adjusted to 2014 US dollars. Healthcare
costs for patients with and without relapse were
also measured over the full 12-month follow-up
period after the index date for comparison.

Statistical Analyses

As this research was exploratory, this analysis
was descriptive in nature. Continuous variables
are presented with means, standard deviations,
and medians. Categorical variables are pre-
sented with counts and proportions. No statis-
tical analyses were conducted. Analysis was
conducted with SAS 9.3 (Cary, NC, USA).

RESULTS

GPA Patients

From March 1, 2011, through March 1, 2013,
there were 5118 patients with C 2 non-diag-
nostic claims with a GPA diagnosis. After
applying the study inclusion criteria, the final
sample was 2707 patients, including 772
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Table 1 Demographic and clinical characteristics of patients with GPA during 12-month follow-up

All GPA patients
(N5 2707)

GPA patients with
relapse (N5 669)

GPA patients without
relapse (N5 2038)

Mean (SD) age 55.6 15.3 55.1 15.1 55.7 15.3

Age group, N (%)

18–34 284 10.5% 72 10.8% 212 10.4%

35–44 333 12.3% 87 13.0% 246 12.1%

45–54 524 19.4% 125 18.7% 399 19.6%

55–65 857 31.7% 220 32.9% 637 31.3%

65? 709 26.2% 165 24.7% 544 26.7%

Male, N (%) 1221 45.1% 310 46.3% 911 44.7%

Geographic region, N (%)

Northeast 614 22.7% 132 19.7% 482 23.7%

North central 717 26.5% 163 24.4% 554 27.2%

South 829 30.6% 214 32.0% 615 30.2%

West 515 19.0% 145 21.7% 370 18.2%

Unknown 32 1.2% 15 2.2% 17 0.8%

Mean (SD) Deyo CCI 1.6 1.9 2.3 2.1 1.4 1.8

Diagnoses of major relapse-associated conditions based on BVAS*, N (%)

Acute/chronic renal failure 867 32.0% 329 49.2% 538 26.4%

Gangrene 6 0.2% 4 0.6% 2 0.1%

Scleritis 75 2.8% 37 5.5% 38 1.9%

Retinal exudates/hemorrhage 0 0.0% 0 0.0% 0 0.0%

Sensorineural deafness 193 7.1% 74 11.1% 119 5.8%

Mesenteric ischemia 12 0.4% 5 0.7% 7 0.3%

Lung-related conditions

Hemoptysis* 124 4.6% 72 10.8% 52 2.6%

Respiratory failure 168 6.2% 110 16.4% 58 2.8%

Meningitis 6 0.2% 3 0.4% 3 0.1%

Spinal cord lesion 3 0.1% 0 0.0% 3 0.1%

Stroke 45 1.7% 22 3.3% 23 1.1%

Cranial nerve palsy 9 0.3% 4 0.6% 5 0.2%

Sensory peripheral neuropathy 130 4.8% 50 7.5% 80 3.9%

Motor mononeuritis multiplex 26 1.0% 15 2.2% 11 0.5%
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incident patients. Nearly 60% of patients were
over 55 years old, and nearly 50% were male
(Table 1). The most common relapse-associated
diagnosis during the follow-up was acute or
chronic renal failure (32.0%), followed by sen-
sorineural deafness (7.1%), respiratory failure
(6.2%), sensory peripheral neuropathy (4.8%),
and hemoptysis (4.6%). During the 12-month
follow-up, 669 (24.7%) patients had C 1 relapse
of any type. The most common types of relapse
were GPA utilization–related and renal relapse.

Once the analysis was limited to patients
with C 4 months of continuous enrollment
after the first relapse, the number of patients
with any relapse was reduced to 540. The mean
all-cause costs and GPA-related costs over the
4-month period were $35,947 (SD, $48,065) and
$26,814 (SD, $43,605), respectively (Fig. 1 and
Supplemental Table S2). Inpatient admissions
and outpatient procedures, including renal
dialysis, were the largest contributors to the cost
of relapse management. When examining the
dialysis costs alone, the mean dialysis cost
among 72 patients who had C 1 claim for dial-
ysis was $43,223 (SD, $55,125) (Supplemental
Table S3). Total costs of renal relapses were
substantially higher (all-cause: $50,943 [SD,
$65,517]; GPA-related: $40,575 [SD, $63,085])
than those of other types of relapse. Over one-

third of patients with renal relapses had C 1
claim for dialysis in the following 4 months
(Supplemental Table S3). For patients with GPA
with renal relapses, dialysis accounted for 36%
of all-cause total costs. Among patients with
dialysis, the average cost of dialysis alone was
$51,734 (SD, $57,379). Over the 12-month
period, the mean all-cause healthcare cost of
patients with GPA who did not experience a
relapse was $32,005 (SD, $64,570) compared to
$88,631 (SD, $126,257) among patients with
GPA who did experience a relapse.

Patients with MPA

Initially, 13,265 patients with diagnoses of
unspecified arteritis were identified in the
database. However, after applying the continu-
ous enrollment requirement as well as the
requirement for a diagnosis of renal failure,
glomerulonephritis, or hemoptysis, the final
sample consisted of 740 patients, including 507
incident cases, and only patients with serious
disease were included. The average age of MPA
patients was 62.0 years (SD 14.8 years), and
nearly 40% of patients were male. As with
patients with GPA, the most common relapse-
associated diagnosis during follow-up was acute
or chronic renal failure (67.6%) (Table 2). The

Table 1 continued

All GPA patients
(N5 2707)

GPA patients with
relapse (N5 669)

GPA patients without
relapse (N5 2038)

Relapse

Presence of any relapse, N (%) 669 24.7%

Presence of a renal relapse, N (%) 215 7.9%

Presence of a pulmonary relapse, N (%) 30 1.1%

Presence of an ‘‘other’’ relapse**, N (%) 68 2.5%

Presence of a utilization relapse, N (%) 358 13.2%

Presence of a mixed relapse, N (%) 62 2.3%

BVAS Birmingham Vasculitis Activity Scale, CCI Charlson Comorbidity Index, GPA granulomatosis with polyangiitis, SD
standard deviation
*Patients with hemoptysis (ICD-9 CM 786.30, 786.39) were captured because no diagnosis codes were available for alveolar
hemorrhage
**Other relapse-associated condition
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other most-prevalent relapse-associated condi-
tions were respiratory failure (9.6%), sensory
peripheral neuropathy (7.6%), stroke (6.9%),
and sensorineural deafness (6.5%). During the
12-month follow-up period, 24.3% of patients
with MPA had a relapse, and 15.9% had a renal
relapse (Table 2).

There were 147 patients who had a relapse
and had C 4 months of continuous enrollment
following their first relapse. The average total
all-cause cost over the 4-month period after the
first relapse was $38,313 (SD $54,120), and
59.5% of costs were classified as MPA-related
(mean $22,784; SD $42,810) (Fig. 2 and Sup-
plemental Table S2). The primary drivers of cost
were inpatient admissions and outpatient ser-
vices. Renal relapses were the most costly, with
mean total all-cause costs of $42,802 (SD
$60,236). Approximately one-quarter (23.4%) of
patients experiencing renal relapses had C 1
claim for dialysis. For patients with MPA with a
renal relapse, dialysis accounted for 18% of all-
cause total costs. Average dialysis cost among
patients who had a renal relapse and required
dialysis was $32,143 (SD $38,539) (Supplemen-
tal Table S3). Over the 12-month period after

the index date, the mean all-cause healthcare
cost of patients with MPA who did not experi-
ence a relapse was $61,044 (SD $125,093) and
was $111,691 (SD $156,189) for patients with
MPA who did experience a relapse.

DISCUSSION

In this claims-based analysis of individuals with
GPA and MPA, disease relapses were not
uncommon. Among patients with GPA, uti-
lization relapse was the most common type of
relapse, and renal relapse was the second most
common. Among patients with MPA, renal
relapse was the most common type of relapse.
The cost of care for renal relapses was greater
than that for other types of relapses, with all-
cause costs during the 4 months following a
relapse averaging[$50,000 in patients with
GPA and[$42,000 for patients with MPA. The
major contributors to these costs were inpatient
admissions and outpatient services, including
renal dialysis. It is important to emphasize that
the costs of services provided within 4 months
after a relapse are remarkably greater than the
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Inpa�ent Emergency Room Outpa�ent Office Visit Other Outpa�ent Outpa�ent Pharmacy

Fig. 1 Healthcare costs in the 4 months following first
relapse, stratified by relapse type, for GPA patients. Note:
costs were measured only among patients with 4 months of
continuous enrollment following first relapse. The costs

following mixed relapses were included in costs after any
relapse but were not reported separately. GPA granulo-
matosis with polyangiitis. Asterisk other relapse associated
condition
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Table 2 Demographic and clinical characteristics of patients with MPA during 12-month follow-up

All MPA patients
(N5 740)

MPA patients with
relapse (N5 180)

MPA patients without
relapse (N5 560)

Mean (SD) age 62.0 14.8 63.4 15.0 61.6 14.8

Age group, N (%)

18–34 34 4.6% 8 4.4% 26 4.6%

35–44 40 5.4% 12 6.7% 28 5.0%

45–54 140 18.9% 24 13.3% 116 20.7%

55–65 233 31.5% 56 31.1% 177 31.6%

65? 293 39.6% 80 44.4% 213 38.0%

Male, N (%) 293 39.6% 62 34.4% 231 41.3%

Geographic region, N (%)

Northeast 176 23.8% 47 26.1% 129 23.0%

North Central 215 29.1% 56 31.1% 159 28.4%

South 221 29.9% 47 26.1% 174 31.1%

West 124 16.8% 29 16.1% 95 17.0%

Unknown 4 0.5% 1 0.6% 3 0.5%

Mean (SD) Deyo CCI 3.1 2.3 3.9 2.3 2.8 2.2

Diagnoses of major relapse-associated conditions based on BVAS*, N (%)

Acute/chronic renal failure 500 67.6% 159 88.3% 341 60.9%

Gangrene 25 3.4% 6 3.3% 19 3.4%

Scleritis 8 1.1% 2 1.1% 6 1.1%

Retinal exudates/hemorrhage 0 0.0% 0 0.0% 0 0.0%

Sensorineural deafness 48 6.5% 14 7.8% 34 6.1%

Mesenteric ischemia 11 1.5% 4 2.2% 7 1.3%

Lung-related conditions

Hemoptysis* 39 5.3% 12 6.7% 27 4.8%

Respiratory failure 71 9.6% 22 12.2% 49 8.8%

Meningitis 4 0.5% 1 0.6% 3 0.5%

Spinal cord lesion 5 0.7% 1 0.6% 4 0.7%

Stroke 51 6.9% 13 7.2% 38 6.8%

Cranial nerve palsy 4 0.5% 1 0.6% 3 0.5%

Sensory peripheral neuropathy 56 7.6% 22 12.2% 34 6.1%

Motor mononeuritis multiplex 4 0.5% 1 0.6% 3 0.5%
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costs of 12 months’ follow-up for patients with
GPA who did not experience a relapse. Effective
treatment that prevents relapses in this popu-
lation appears to be of key importance in
reducing the costs of care in GPA.

Several analyses have found that relapses are
common among patients with ANCA-associated
vasculitis, especially with GPA. Studies have
reported that over & 4 years of follow-up,
35–54% of patients with GPA experience a
relapse [6–8]. Relapses typically require

Table 2 continued

All MPA patients
(N5 740)

MPA patients with
relapse (N5 180)

MPA patients without
relapse (N5 560)

Relapse

Presence of any relapse, N (%) 180 24.3%

Presence of a renal relapse, N (%) 118 15.9%

Presence of a pulmonary relapse, N (%) 6 0.8%

Presence of another relapse**, N (%) 17 2.3%

Presence of a utilization relapse, N (%) 39 5.3%

Presence of a mixed relapse, N (%) 13 1.8%

BVAS Birmingham Vasculitis Activity Scale, CCI Charlson Comorbidity Index,MPA microscopic polyangiitis, SD standard
deviation
*Patients with hemoptysis (ICD-9 CM 786.30, 786.39) were captured because no diagnosis codes were available for alveolar
hemorrhage
**Other relapse-associated condition
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Fig. 2 Healthcare costs in the 4 months following first
relapse, stratified by relapse type, for MPA patients. Note:
costs were assessed only among patients with 4 months of
continuous enrollment following first relapse. The costs

following mixed relapses were included in costs after any
relapse but were not reported separately. MPA microscopic
polyangiitis. Asterisk other relapse associated condition
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treatment, which can be very costly. To our
knowledge, ours is the first analysis to quantify
the healthcare costs incurred following a
relapse. A prior claims-based analysis of patients
with GPA found that, over a 12-month period,
patients with GPA who were treated for a
relapse had substantially higher all-cause
healthcare costs than patients with GPA who
did not experience a relapse (mean, $88,065 vs.
$30,682, respectively) [10]. This prior analysis
did not focus on costs incurred immediately
after a relapse and did not attempt to classify
types of relapses by organ system. Additionally,
costs in the prior study were measured over
12 months rather than a 4-month period,
resulting in higher costs.

This analysis found that renal relapses
resulted in greater healthcare costs than other
types of relapses. Renal involvement is very
common in patients with GPA and MPA and
can lead to severe consequences [14]. It can
present as hematuria, proteinuria, renal failure,
or nephritis [14]. Even though, with prompt
and adequate therapy, patients often recover
their renal function to the extent allowing for
discontinuation of renal dialysis, end-stage
renal failure can be the result of multiple renal
relapses resulting in additive and, ultimately,
irreversible renal damage [14, 15]. End-stage
renal failure is associated with a greater risk of
death among patients with ANCA-associated
vasculitis [16, 17]. For patients who fail to
respond to immunosuppressive medications,
dialysis must often be used. While in some
individuals the renal function may eventually
recover, others become chronically dialysis
dependent [18–20] or require renal transplant.
While we measured healthcare costs within
4 months of a renal relapse, permanent renal
dysfunction and dialysis can occur [15, 21],
which increases long-term healthcare costs [22].
Additionally, dialysis is associated with several
undesirable outcomes, including depression,
metabolic abnormalities, and chronic pain
(among others), all of which negatively affect
patients’ quality of life [23] and increase the
economic burden [22]. Some rheumatologists
feel that sequential monitoring of ANCA titers
can be used to monitor disease and prevent
renal relapses [24]. However, monitoring is not

universally accepted [14] and this study did not
evaluate the costs of monitoring relative to
relapses.

This analysis has limitations. First, adminis-
trative claims are generated for billing purposes,
not research. Because of this, diagnoses may
have been misclassified. Similarly, as no specific
diagnosis code for MPA existed, an algorithm
had to be applied to select these patients. This
algorithm was not previously validated, and
misclassification of MPA diagnosis might have
occurred. Future research should validate this
claims-based algorithm using other sources,
such as electronic medical records. Addition-
ally, in claims, inpatient medication use cannot
be identified or disaggregated from the cost of
the hospitalization. Second, clinical details on
disease extent and severity, including BVAS
scores, laboratory test values, and information
about relapses and remissions, were not avail-
able. Therefore, a proxy for a relapse was
developed using diagnosis codes for the major
items on the BVAS scale in combination with
medication use. The true proportion of patients
with MPA with a relapse might have been
overestimated, as renal and lung involvement
was part of the algorithm used to identify
patients. Additionally, while a GPA/unspecified
arteritis diagnosis on an inpatient or emergency
room claim and treatment consistent with a
relapse were required, the clinical reason for a
utilization relapse may have been something
other than GPA or MPA. Third, the length of a
relapse could not be determined from claims;
thus, the costs were assessed over a 4-month
time window based on the average length of
relapse previously used in a clinical trial [12]. An
individual’s relapse might have lasted shorter or
longer than 4 months. Fourth, we also required
that all patients had 12 months of continuous
enrollment following the index date and,
specifically, 4 months of continuous enrollment
following a relapse. This requirement was
applied so that relapses and their costs could be
measured over specific time periods for all
patients; however, patients who died would
have been excluded. These patients might have
been more vulnerable to relapses, which might
have resulted in higher costs due to treatment.
Thus, in the current study, the true costs
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associated with relapse might have been
underestimated. Fifth, some types of relapses,
such as pulmonary relapses, were uncommon in
this sample, therefore the cost estimates might
have been biased by outliers. Sixth, no statistical
analysis was done to compare the costs in
patients with a relapse with those in patients
without a relapse. However, the costs in the
4 months following relapses were substantially
higher than those expected over a 4-month
period in patients without a relapse, based on
12-month follow-up costs in this analysis.
Comparative analyses of patients with and
without relapse and different types of relapses,
controlling for confounding, are potential ave-
nues for future research, as is the comparison of
costs of remission maintenance strategies with
the costs of relapse. Finally, the results of this
analysis may not be generalizable to other
populations, including those with traditional
Medicare (not Medicare supplemental) or Med-
icaid coverage or the uninsured.

CONCLUSIONS

Relapses are common in patients with GPA and
MPA and can significantly impact the costs of
treatment in GPA and MPA. In particular, the
costs of treating relapses with renal involve-
ment are very high as, among other reasons, the
treatment often necessitates the use of dialysis.
Further development of effective therapies for
GPA and MPA is needed to offer effective,
relapse-preventing therapies to the patients, an
important goal from both the clinical and eco-
nomic perspectives.
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