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Abstract

Introduction—Granulomatosis with polyangiitis (GPA) often affects the kidneys, frequently
leading to end-stage renal disease (ESRD). Cardiovascular disease (CVD) and infections are
common causes of death in GPA and ESRD. Our objective was to examine temporal trends in the
mortality of GPA-ESRD in a large nationwide cohort.

Methods—We identified ESRD due to GPA in the US Renal Data System (USRDS) between
1995 and 2014, using nephrologists’ coding for the ESRD etiology. The cohort was divided into
four five-year subcohorts based on year of ESRD onset (1995-1999; 2000-2004; 2005-2009;
2010-2014) to assess trends in mortality rates and hazard ratios (HRs) for overall death and cause-
specific death, adjusting for potential confounders.

Results—Between 1995 and 2014, there were 5,929 incident cases of GPA-ESRD. The mortality
rate (per 100 patient-years) declined from 19.0 in 1995-1999 to 15.3 in 2010-2014 (P=0.01). The
adjusted mortality HR of the 2010-2014 cohort was 0.77 (95% CI, 0.66—0.90), compared with the
1995-1999 cohort (P-for-trend <0.001). The corresponding cause-specific mortality HRs after
accounting for competing risk were 0.61 (95% CI, 0.47-0.80) for CVD death and 0.42 (95% ClI,
0.28-0.63) for infection death (both P-for-trends <0.001).

Conclusion—In this study of nearly all patients who developed ESRD due to GPA in the US
over two decades, we found significant improvements in mortality among GPA-ESRD patients.
Cause-specific death due to CVD and infections each declined significantly during the study
period. These findings are encouraging and likely reflect improved management of both GPA and
ESRD.

Granulomatosis with polyangiitis (GPA) is a type of ANCA-associated vasculitis (AAV) that
primarily affects small to medium-sized vessels with severe inflammation, leading to major
organ damage and premature death. Renal involvement, typically as glomerulonephritis,
occurs in up to 70% of patients with GPA and approximately 20-25% of these patients go on
to develop end-stage renal disease (ESRD).(1) As with GPA, ESRD is also associated with
premature death,(2, 3) especially due to cardiovascular disease (2, 4) and infection;(5, 6)
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GPA and ESRD are both associated with excess resource utilization.(7, 8) However, the US
national trends in the incidence and mortality of ESRD due to GPA (GPA-ESRD) are largely
unknown. These data would provide important benchmarks in assessing GPA disease burden
and care.

To address these important evidence gaps, we examined temporal trends in the mortality due
to GPA due to ESRD in the US from 1995 to 2014 using a national ESRD registry.

Patients and Methods

Data Source and Study Population

The United States Renal Data System (USRDS) is a national registry of ESRD patients,
representing an estimated 94% of patients who receive dialysis or kidney transplantation.
Patients who refuse replacement therapy, die prior to enrollment, or receive transient dialysis
for acute renal failure may not be enrolled. Attending nephrologists are required by law to
submit a Medical Evidence Report, which includes the cause of ESRD according to ICD-9
codes, within 45 days of a patient starting a new ESRD treatment. All patients with GPA
(ICD-9: 446.4) identified as the cause of ESRD and who initiated ESRD treatment between
January 1, 1995 and December 31, 2014 were included in this study. The date of first service
for ESRD (ESRD onset) is the earliest of the dialysis start date or date of kidney
transplantation. The following information was extracted from the USRDS: demographics
(e.g., age, sex, self-reported race); body mass index (BMI) at enrollment; US census region
(e.g., northeast, south); relevant comorbidities (e.g., diabetes, hypertension, coronary artery
disease); initial ESRD therapy modality; death; and primary cause of death.

US Population Data

To determine GPA-ESRD incidence rates (IRs), annual US population estimates (2000 and
2010 Census estimates and inter-censual population estimates for July of each year for the
other years) were obtained from the US Census Bureau. Patients from Puerto Rico, US
territories, and foreign countries were excluded from these analyses since US population
census estimates do not include these individuals.

Statistical Analysis

Incident GPA-ESRD patients were divided into four five-year subcohorts based on year of
ESRD onset (1995-1999; 2000-2004; 2005-2009; 2010-2014) for comparison analyses.
For each 5-year period, we calculated annual incidence rates of ESRD due to GPA and its
95% confidence interval (Cl). Follow-up for each 5-year subcohort was truncated at the end
of each period to avoid the influence of secular trends of the subsequent periods and ensure
that subjects across sub-cohorts have the same time interval allowed for follow-up data.(9,
10) We then examined mortality trends during the study period using Poisson regression. In
comparing 5-year subcohorts, we used the earlier subcohort (i.e, 1995-1999) as the
reference group. Kaplan-Meier survival analysis and log rank test were used to assess
differences in the mortality rate over the study period. We employed multivariable Cox
regression models to assess mortality trends over the study period while adjusting for
potential confounders. We accounted for competing risk of death in our regression models to
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assess mortality trends of cause-specific death due to cardiovascular disease (CVD),
infection, malignancy, and other conditions.(11) All P values were 2-sided with a
significance threshold of P less than 0.05. Statistical analyses were performed using SAS,
version 9.4.

Sensitivity Analysis

Given the secular trend toward distinguishing MPA (by using ICD-9: 446.0) from GPA in
later years, we evaluated whether including patients with ESRD attributed to this ICD-9
code affected temporal trends in ANCA-associated vasculitis (AAV) ESRD incidence and its

mortality.

Data Use
The data reported here have been supplied by the United States Renal Data System
(USRDS). The interpretation and reporting of these data are the responsibility of the authors
and in no way should be seen as official policy or interpretation of the US government. This
study was exempted from the Partner’s HealthCare Institutional Review Board.

Results

Baseline Characteristics

From 1995 to 2014, 5,929 individuals developed ESRD attributable to GPA in the US (Table
1). The overall incidence rate (IR per million US population) of GPA-ESRD increased from
0.81 (95% ClI, 0.70-0.92), to 0.94 (95% Cl, 0.83-1.05), and to 1.15 (95% ClI, 1.03-1.27) for
the 1995-1999, 2000-2004, and 2005-2009 subcohorts, respectively (P-for-trend <0.001),
but stabilized in the most recent subcohort (1.12, 95% CI, 1.00-1.24, in 2010-2014)
compared to the preceding five years (P=0.7). We observed similar trends when GPA and
MPA patients were included in the analysis (Supplementary Table 1). The prevalence of
diabetes or hypertension among incident GPA-ESRD patients increased (P values <0.05)
during the study period, whereas that of coronary artery disease and congestive heart failure
declined (P values <0.05). The most frequent initial ESRD therapy throughout the study
period was hemodialysis (88 to 92%).

Mortality Trends

During the study period, 1,795 GPA-ESRD patients died. The mortality rate decreased from
19.0 (95% ClI, 17.2-21.1), to 16.9 (95% Cl, 15.4-18.7), to 16.2 (95% ClI, 14.9-17.7), and to
15.3 (95% Cl, 14.0-16.7) per 100 patient-years in the 1995-1999, 2000-2004, 2005-2009,
and 2010-2014 subcohorts, respectively (P-for-trend = 0.01) (Table 2). The log-rank test
showed significant improvement in survival during the study period (P=0.03) (Figure 1).
Age- and sex-adjusted mortality HRs for the 1995-1999, 2000-2004, 2005-2009, and
2010-2014 subcohorts were 1.0, 0.89 (95% ClI, 0.76-1.04), 0.80 (95% ClI, 0.69-0.93), and
0.75 (95% Cl, 0.65-0.87), respectively (P-for-trend <0.001) (Table 2). After adjusting for
BMI, smoking, comorbidities, region, and first modality, these HRs did not change
materially and remained significant (P-for-trend = 0.005) (Table 2). When patients with GPA
and MPA were included in the analysis, the mortality rate showed a similar trend
(Supplementary Table 2). Moreover, there was no material change in our results when
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accounting for whether or not a patient received a transplant during the follow-up period.
The age- and sex-adjusted mortality HRs for the 1995-1999, 2000-2004, 2005-2009, and
2010-2014 subcohorts were 1.0, 0.90 (95% Cl, 0.77-1.05), 0.82 (95% Cl, 0.71-0.95), and
0.76 (95% ClI, 0.66-0.88), respectively (P-for-trend <0.001).

Cause-Specific Death

During the study period, cardiovascular disease (CVD) was the most common cause of death
(N=545, 30%) followed by infection (N=286, 16%). Sepsis and pneumonia accounted for
61% and 29% of the infectious causes of death, respectively. After accounting for competing
risks (Table 3), the age- and sex-adjusted HRs for death due to CVD in the 1995-1999,
2000-2004, 2005-2009, and 2010-2014 subcohorts were 1.0, 0.84 (95% ClI, 0.65-1.08),
0.57 (95% CI, 0.45-0.74), and 0.64 (95% CI, 0.50-0.82, P-for-trend < 0.001), respectively.
Similarly, the age- and sex-adjusted HRs for death due to infection in each subcohort were
1.0, 0.84 (95% Cl, 0.59-1.19), 0.79 (95% Cl, 0.57-1.09), and 0.47 (95% CI, 0.32-0.67, P-
for-trend <0.001), respectively. After adjusting for BMI, smoking, comorbidities, region, and
first modality, these HRs did not change materially and remained significant.

Discussion

In this study of 5,929 patients who developed ESRD due to GPA in the US over the past two
decades, we found significant improvements in overall mortality as well as cause-specific
death due to CVD and infections, the most common causes in GPA-ESRD. The improved
survival of those who developed ESRD due to GPA is encouraging and likely reflects
improved management of both GPA and ESRD. In addition, while there were increasing
trends in the incidence of new GPA-ESRD cases, rates stabilized in the most recent ten years
of the study period. This could reflect advances in the management of patients with GPA in
the recent years, as it suggests that fewer GPA patients are progressing to ESRD, given
stable GPA incidence itself.(12) Collectively, these findings provide important contemporary
benchmarking of the disease burden and outcomes of GPA-ESRD in the US and likely
beyond.

The improving motility trends of GPA-ESRD patients agree with a recent study, which
found similarly improving trends among 554 patients with AAV and renal disease (before
they reached ESRD).(13) The current study findings expand on this observation to describe
the improving mortality trends even after the development of ESRD and on a national scale.
Furthermore, our study indicates that this overall improvement is largely due to
improvement in CVD and infection as causes of deaths, although the previous study did not
report these specifics. CVD and infection were reported to be the most common causes of
death in GPA-ESRD in smaller cohorts which did not adjust for competing risks.(14-16)
Despite these improvements, CVD and infection remain common causes of death in GPA-
ESRD. Future studies evaluating cardiovascular risk management and the risks and benefits
of immunosuppression in ESRD patients are necessary.

We also found that the incidence of new GPA-ESRD increased until the late 2000’s, but
stabilized afterwards. This trend largely agrees with a European study of 2,511 AAV patients
from a European dialysis registry (1993-2012). The authors reported that the incidence of
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AAV-ESRD increased between 1993 and 2007 and slightly decreased afterwards.(16) The
initial increasing trend may reflect an initial surge of a large number of survivors with AAV
reaching ESRD, while the recent decline may reflect the realization of benefits in improved
AAV management over the recent years, including strategies that emphasize maintenance
treatment(17) as well as trends in CKD management such as improved blood pressure
control. It is also conceivable that earlier recognition and diagnosis of AAV because of the
spreading availability of ANCA testing has prevented progression to ESRD among those
with renal involvement though studies evaluating temporal trends in delay to diagnosis are
unknown to us.

During the study period we also observed significant shifts in the demographics and
comorbidities of patients with ESRD due to GPA. The increasing age of ESRD onset in GPA
patients observed in our study is consistent with the overall improvements in GPA survival
and the risk of indolent progression of CKD to ESRD following the initial insult, perhaps
even in the absence of ongoing GPA disease activity.(15) The increasing prevalence of
comorbidities such as diabetes, hypertension, and cerebrovascular disease as well as the
rising BMI in this cohort is concerning. While these trends likely reflect those in the general
population, these findings highlight the importance of assessing and addressing modifiable
risk factors in GPA patients to minimize the risk of cardiovascular events in these patients.
17)

This study has several strengths but also limitations. This is a large, population-based study
and the first to specifically address temporal trends in survival of GRA-ESRD. Though the
USRDS lacks patient identifiers which prohibits one from verifying the diagnosis of GPA,
attending nephrologists are required by law to complete medical evidence forms detailing
the patient’s medical history and cause of ESRD for the purposes of enrollment in Medicare.
As such, the accuracy of the diagnosis is expected to be extremely high, as was the case in
lupus ESRD in the same dataset.(18) Furthermore, our observed incidence is consistent with
other estimates of GPA-ESRD incidence, supporting the validity of the case definition in our
study context.(16, 19) Although the ICD-9 code for MPA is not specific for that condition,
we observed similar trends in our primary outcomes regarding incidence and death when we
included patients with ESRD attributed to that ICD-9 code in our sensitivity analysis. This
suggests that the plateau in incidence in recent years is unlikely to be related to temporal
trends in the classification of the cause of ESRD in AAV. Finally, due to a lack of details
regarding the diagnosis of GPA, its management, and the treatment of comorbidities (e.g.,
cardiovascular disease), we are unable to address specific factors responsible for the
observed improvement in survival during the study period.

In summary, in this study of nearly all patients who developed ESRD due to GPA in the US
over two decades, we found significant improvements in mortality among GPA-ESRD
patients. Cause-specific death due to CVD and infections each declined significantly during
the study period. These findings are encouraging and likely reflect improved management of
both GPA and ESRD.
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Significance and Innovation

. This is the first study including all patients with ESRD in the US to evaluate
mortality among patients with ESRD attributed to GPA;

. This study identifies improvements in overall survival as well as CVD- and
infection-related death during the study period;

. This large population-based study likely captures the exposure and outcomes
of interest accurately.
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Figure 1.
Kaplan-Meier Curve of Overall Survival in ESRD due to GPA (1995-2014)

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.

Page 9



Page 10

Wallace et al.

Author Manuscript

zer 9vT SYT LT (%) ainjre4 WesH aAnssbuod
7’6 8'TT 6¢T 6'€T (%) aseasiq Alauy Aleuoio)
89, SvL §'T9 §'es (%) uoisusyiadAH
T°0C T'6T 02 €L (%) saeqerq
SUOIIIPUOD PIGIOWOD
zoe v'0z 102 LT (%) 159W\
G'8g 9vE z'9e T'GE (%) yinos
T9Z Lz 892 9'8C (%) 1sompIN
eVl A G91 €81 (%) 1seayrioN
. uolbay
(TdeLe ®9zLe (@9) 6'se (T9) Tse (as ‘qw/B) Ing
6°€ 6C 7 6'G (%) +owo
8 6'G 'S 09 (%) >oe1g
618 z16 906 88 (%) snum
?0ey
€95 §v§ 1'85 €65 (% IeIN) XoS
(TL1) 219 (€L1)S'T9 (0'81) T'09 (z'L1) 6'65 (as ‘'uesiy) 8y
solydeabowag
6L 82L'T SvE'T y0T'T $85eD JO JqUINN
¥102-0T0Z 60025002 #002-0002 666T-S66T QYS3 [e1HU] JO Jesn

¥T0Z-S66T U9aMIag SalelS paliun ayy ul siibueA|od LI SISOTeWO|NUEBID UM Slualied YST JO SoNsLeloeeyd

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.



Page 11

Wallace et al.

‘uoneindod SN ooo.ooo.ﬂ\qN

‘diysuazig ub1aIo4 Yum G ‘A10)11181 SN & Ul T ‘0914 0MaNd Ul sjusted 42 ‘s81els panun 8yl o [je aimded suoibal Inoy asay |
*

‘Yoeny 21Wayas| Jualsuel | =v/| L

(rz1-00T) 2T'T  (LZT-€0T)STT (S0'T-€8°0) ¥6'0 (26'0-0L0) T8°0 4(@s) auaprou

08 29 99 90T (%) sisAje1q [eauoiad

8'88 916 L'16 €88 (%) sisAreipowsH

A3 f4ra LT TT (9) yuejdsues .
JUBWIRSI]L QHST [B1MU|

9'G 8'G 61 v (9%) AoueubifeN Jo A10ISIH

Sy q'e 8'c [ (%) Bupjows uaun)

GG 4 (134 8¢ (%) V1L 10 0ns

LS L'S v vy (9%) seasiQ se[naseA [eJaydiiad
¥102-0T02 6002-5002 #002-0002 666T-S66T QYS3 [enIu] JO JB3A

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.



Page 12

Wallace et al.

Auijepow 1s11y pue ‘uoibal "YAD '4HD ‘A 19¥0Ls Wa.1INd ‘UoisusuadAy ‘saragelp ‘[IAG ‘Xes ‘afe 1oy u&ws._c«p

‘oep BulIoSU2D By} Se (LIOY0ANS 6E6T-S66T S} 10} 666T 15TE J8qwisaaq “6-9) 110y0OgNS Bu} J0 pus 2y} Buisn paulLislep dn MOJ|0} [E10) PUB SUYESP JO JBqUINN
¥

5000 100°0> 100 puan-10j-d
(06°0-99°0) £L°0 (18°0-59°0) 520 (L°91-0%T) €'GT 90§ 2SL'T ¥102-0T02
(96'0-120) 280 (€6'0-69'0) 080 (L21-6%1) 29T 125 82.'T 6002-G002
(S0°'1-220) 06°0 (¥0'1-92°0) 68°0 (L'81-¥'ST) 69T o012 SYE'T ¥002-0002
(9ouaiegel) 0'T (s0ussegel) 0'T (TT2-2°L1) 0'6T G9¢ v0T'T 666T-G66T
(12 %56) o o
oney prezeH pasnipy | areleAniniy 96G6) oney paezeH paisnlpy- xas pue -aby 9%G6) sdeak uaned-00T/yread Jo sousprouy  LSUWERA# Ny uonemul @ys3 Jo esA

(¥10Z-G66T) SNBURA|Od Y1IM SISOTEWONUEBID 0} 8NP Q¥ST UMM SUOsIad Buowy yreaq Jo sty ul spuaiL [esodwa

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.



Page 13

(a0t Gan o Gan ot €51 vOT'T 666T-566T
y1eaq J0 sasned Jayi0
87'0 82°0 v€'0 pua.i-104-d
(€9'1-T€°0) TL'0 (e€'1-0€°0) €9'0 (98'1-1€'0) 59'0 G1 6T ¥T02-0T02
(e7'T-22°0) 950 (¥0'1-T2°0) L0 (60'1-22°0) 610 1 87.'T 6002-G002
(18'1-82°0) TL°0 (e€'1-92'0) 650 (9€'1-92°0) 09°0 01 Sre'T 70020002
(a0t Gan o Gan ot 6 vOT'T 666T-566T
100°0> 100°0> 1000 pua.i-104-d
(€9'0-82°0) ¢v'0 (29'0-2€°0) V0 (z2°0-5€'0) 05°0 S 6T ¥T02-0T02
(90'T-15°0) 20 (60'T-250) 620 (8T'1-19°0) 58°0 €6 87.'T 6002-G002
(9T'1-95°0) 08'0 (6T'1-65°0) ¥8'0 (€2'1-19°0) 280 2L Sre'T 70020002
(a0t Gan o Gan ot 19 vOT'T 666T-566T
100°0> 100°0> 100°0> pua.i-104-d
(08'0-Lt'0) 19°0 (z8'0-05°0) ¥9'0 (£8'0-€5'0) 89'0 6T 6T ¥T02-0T02
(TL0-T7°0) ¥50 (72'0-G7°0) 250 (62°0-870) T9°0 €T 82.'T 6002-G002
(90'1-€9'0) ¢8'0 (80'1-59'0) ¥8'0 (TT'1-29°0) 98°0 veT Sre'T 70020002
(a0t Gan o Gan ot TET vOT'T 666T-566T

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.

358351 Je|NOSeAoIpIE)

+(10 %g6) oney prezeH paisnipy s1eLBARININ. (15 o46) oney paezeH paisnipy-xag pue -aby (1D %6G6) ,0eY plezeH pawsnlpeun  gqyeaqs N uoneniu] QYS3 40 JesA

Wallace et al.

(¥T02-566T) snibueAjod Yim sisorewojnuels) 0l anp @yS3 ul yieaq Joj soney prezeH dij19ads-asned

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 14

Wallace et al.

Aujepow 1811y pue ‘uoibal "WAD ‘HHD ‘D U8yous Jusind ‘uoisuauadAy ‘seleqelp ‘|G ‘xas ‘abe Joy parsnipy

y/
‘uo1louNy pIezey UoRNQLISIPANS
v

600 100 6700 pua1i-104-d
(05'1-56'0) 02'T (9v'1-96'0) 8T'T (¥5'1-20'T) S2'T 98¢z e6L'T ¥102-0T02
(05'1-96'0) 02'T (8v'1-26'0) 0Z'T (09'1-50'T) 0E'T 982 82L'T 60025002
(86'1-98'0) 80'T (7€'1-58'0) L0'T (8€'1-88'0) OT'T 18T GYE'T ¥002-0002

1(10 %56) oney prezeH paisnlpy sjeLreAnniy

(1D 9%G6) oney paezeH paisnipy-xes pue -aby

(10 %56) ,oney prezeH paisnipeun  gesq #

N uoneniul qys3 4o Jesh

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.



	Abstract
	Patients and Methods
	Data Source and Study Population
	US Population Data
	Statistical Analysis
	Sensitivity Analysis
	Data Use

	Results
	Baseline Characteristics
	Mortality Trends
	Cause-Specific Death

	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

