
 

 

 University of Groningen

Clinical outcome in anti-neutrophil cytoplasmic antibody-associated vasculitis and gene
variants of 11 beta-hydroxysteroid dehydrogenase type 1 and the glucocorticoid receptor
Hessels, Arno C; Tuin, Janneke; Sanders, Jan Stephan F; Huitema, Minke G; van Rossum,
Elisabeth F C; Koper, Jan W; van Beek, André P; Stegeman, Coen A; Rutgers, Abraham
Published in:
Rheumatology

DOI:
10.1093/rheumatology/key319

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Hessels, A. C., Tuin, J., Sanders, J. S. F., Huitema, M. G., van Rossum, E. F. C., Koper, J. W., van Beek,
A. P., Stegeman, C. A., & Rutgers, A. (2019). Clinical outcome in anti-neutrophil cytoplasmic antibody-
associated vasculitis and gene variants of 11 beta-hydroxysteroid dehydrogenase type 1 and the
glucocorticoid receptor. Rheumatology, 58(3), 447-454. https://doi.org/10.1093/rheumatology/key319

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1093/rheumatology/key319
https://research.rug.nl/en/publications/fc0672ec-04f9-444d-8403-82d9098c048d
https://doi.org/10.1093/rheumatology/key319


Original article

Clinical outcome in anti-neutrophil cytoplasmic
antibody�associated vasculitis and gene variants of
11b-hydroxysteroid dehydrogenase type 1 and the
glucocorticoid receptor

Arno C. Hessels1, Janneke Tuin1, Jan Stephan F. Sanders1, Minke G. Huitema2,
Elisabeth F. C. van Rossum3, Jan W. Koper3, André P. van Beek4,
Coen A. Stegeman1 and Abraham Rutgers2

Abstract

Objectives. We aimed to investigate whether five potential functional haplotypes of the glucocorticoid receptor (GR)

gene and a single-nucleotide polymorphism of 11b-hydroxysteroid dehydrogenase type 1 (HSD11B1) are associated with

clinical outcome in ANCA-associated vasculitis.

Methods. Patients diagnosed with ANCA-associated vasculitis (n = 241) were genotyped for five polymorphisms of the

GR gene and one polymorphism of the HSD11B1 gene. GR gene haplotypes were predicted based on genotyping

results. Relapse-free survival, mortality, renal survival, metabolic adverse events and infections were compared between

carriers and non-carriers of GR haplotypes and the HSD11B1 genotype.

Results. Carriers of haplotype 4 (ER22/23EK + 9b+TthIII1) of GR had a significantly higher 5-year mortality risk [hazard

ratio (HR) 4.5 (95% CI 1.6, 12.8)] and had a higher risk of developing end-stage renal disease [HR 7.4 (95% CI 1.9, 28.7)].

Carriers of a minor variant of HSD11B1 more frequently experienced relapse [HR 2.5 (95% CI 1.5, 4.1)] except if they also

carried haplotype 1 (BclI) of GR. Homozygous carriers of haplotype 1 had a higher risk of developing dyslipidaemia [HR

4.1 (95% CI 1.8, 9.6)]. The occurrence of infections did not differ between GR haplotypes and HSD11B1 genotypes.

Conclusion. Haplotypes 1 and 4 of GR and a polymorphism of the HSD11B1 gene were associated with clinically

relevant inflammatory and metabolic outcomes in ANCA-associated vasculitis.

Key words: anti-neutrophil cytoplasm antibody, biomarkers, epidemiology, genetics, inflammation, metabolic
disease, microscopic polyangiitis, vasculitis, Wegener’s granulomatosis

Rheumatology key messages

. The 11b-hydroxysteroid dehydrogenase type 1 genotype affects the risk of relapse in ANCA-associated vasculitis.

. The glucocorticoid receptor haplotype affects renal survival, mortality and the development of dyslipidaemia in
ANCA-associated vasculitis.

Introduction

ANCA-associated vasculitis (AAV) is a group of autoim-

mune diseases associated with inflammation of small

and medium-sized blood vessels. Granulomatosis with

polyangiitis, microscopic polyangiitis and eosinophilic

granulomatosis with polyangiitis are diagnoses within

this group [1].

Regardless of further induction and maintenance ther-

apy, AAV patients are treated with high initial doses (up to

1 mg/kg/d) of the exogenous glucocorticoid (GC) prednis-

olone, because of its effectiveness in inducing disease re-

mission [2]. Unfortunately, high-dose GCs are associated
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with many immunological, cardiometabolic and other ad-

verse effects [3�5]. Furthermore, GC sensitivity differs

widely between patients [6], which may affect treatment

efficacy and toxicity in individual patients.

In recent years, personalized medicine has received

more attention in AAV research. One approach has been

to identify disease subsets and to target specific path-

ways involved in the pathogenesis of AAV [7]. Examples

include the identification of different genetic variants asso-

ciated with either PR3- or MPO-ANCA-positive patients

[8] and a clinical trial for a drug that targets the C5a re-

ceptor in the alternative complement pathway [9]. Another

approach to personalized medicine is pharmacogenetics

(i.e. identification of genetic polymorphisms related to

drug efficacy and/or toxicity) [10]. Examples for AAV in-

clude cytochrome P450 polymorphisms for CYC [11] and

Fcg receptor polymorphisms for rituximab therapy [12].

Hydroxysteroid dehydrogenase 11b type 1 (HSD11B1)

is an enzyme involved in the regulation of local GC levels.

In vivo, it predominantly converts inactive cortisone into

active cortisol [13]. Due to disadvantageous cardiometa-

bolic effects of cortisol, inhibition of HSD11B1 has been

investigated as a potential treatment for diabetes and

obesity [14]. In contrast, HSD11B1 deficiency may

worsen inflammatory diseases or hinder their resolution

[14, 15]. The latter has been demonstrated in ani-

mal studies but not yet in a clinical setting [14�16].

A common genetic polymorphism of HSD11B1,

rs11119328, is hypothesized to result in reduced expres-

sion of the enzyme [17]. The influence of rs11119328 on

inflammation has not yet been studied.

Cortisol and prednisolone bind to the glucocorticoid re-

ceptor (GR) in the cytoplasm. After binding, the resulting

complex moves to the nucleus where it affects gene ex-

pression; these genomic effects influence cardiometabolic

effects and inflammation [6]. Several polymorphisms have

been described for the GR encoding gene. Some of these

polymorphisms, such as N363S (rs6195) and BclI

(rs41423247) are associated with an increased sensitivity

to GCs. Other polymorphisms, such as ER22/23EK (rs6189

and rs6190) and 9b (rs6198), are associated with relative

GC resistance [6]. The polymorphism TthIII1 (rs10052957)

is thought to have no influence on GC sensitivity by itself

but is strongly associated with the simultaneous presence

of the ER22/23EK polymorphism [18].

In the general population, GR polymorphisms have

been associated with distinct clinical phenotypes. The

N363S and BclI polymorphisms have been associated

with obesity, insulin resistance and a reduced risk of in-

flammatory diseases such as RA [6, 19, 20]. In contrast,

ER22/23EK has been associated with higher insulin sen-

sitivity, lean mass and muscle strength and the ER22/

23EK and 9b polymorphisms have been associated with

an increased risk of RA [6, 19, 20]. In multiple sclerosis

and RA, the ER22/23EK polymorphism in particular has

been associated with a more severe disease phenotype

[21, 22]. Several studies have suggested associations be-

tween GR polymorphisms and GC treatment response

[20, 23�26].

The aim of this study was to explore the influence of five

GR polymorphisms and one polymorphism of HSD11B1

(rs11119328) on the efficacy and toxicity of high-dose

prednisolone therapy in AAV. Given their functional con-

sequences, we hypothesized that N363S and BclI would

be associated with a higher risk of cardiometabolic ad-

verse events and that ER22/23EK, 9b and rs11119328

would be associated with more severe disease activity

and a higher risk of relapse.

Methods

Study population

All 421 consecutive AAV patients diagnosed from 1990 to

2015 receiving treatment and follow-up at the University

Medical Center Groningen (UMCG) were considered for

inclusion. Patients were included if they received treat-

ment with GCs combined with another immunosuppres-

sive drug as initial treatment, according to the EULAR/

European Renal Association�European Dialysis

and Transplant Association recommendations [27].

Prednisolone was slowly tapered according to the local

protocol of the UMCG starting 6 weeks after initiation of

treatment. Eosinophilic granulomatosis with polyangiitis

(formerly Churg�Strauss syndrome) patients were

excluded because they have a different clinical course,

with frequent asthma and ENT exacerbations often requir-

ing chronic GC therapy [28]. This study is part of a large

cohort study investigating biomarkers in relation to clinical

outcomes in AAV. All patients gave written informed con-

sent. The protocol for the biomarker study was approved

by the local medical ethical committee (NL29354.042.10)

and adheres to the principles of the Declaration of

Helsinki.

Data collection

Clinical data were collected from the patients’ medical

records. Disease activity at diagnosis and first relapse

were scored using the BVAS version 1 [29]. Comorbidity

at diagnosis relevant for mortality risk was scored using

the Charlson comorbidity index [30]. The primary endpoint

of the study was 10 year relapse-free survival. Secondary

endpoints were 10 year mortality, 1 year renal survival, risk

of infections (overall, severe, opportunistic) in the first year

after diagnosis and occurrence of hypertension, diabetes

and dyslipidaemia. Definitions of study endpoints are

included as Supplementary Table S1, available at

Rheumatology online. Data were collected up to October

2017.

Genotyping and determination of haplotypes

Genotyping has been performed at the Laboratory of

Clinical and Experimental Endocrinology, Department of

Internal Medicine, Erasmus Medical Center, Rotterdam,

The Netherlands. All genotypes were determined in

one batch. The following five GR polymorphisms on

chromosome 5 were determined using TaqMan allelic

discrimination assays (Applied Biosystems, Foster City,
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CA, USA): BclI (rs41423247), Tth111l (rs10052957),

9b(rs6198), N363S (rs6195) and ER22/23EK (rs6189 and

rs6190). Additionally, the presence of the HSD11B1

(rs11119328) polymorphism on chromosome 1 was deter-

mined. Haplotypes were determined based on combin-

ations of GR polymorphisms using the computer

programme PHASE [31, 32]. The haplotypes were defined

as follows: haplotype 0 (reference)—major variant of all

polymorphisms; haplotype 1—minor variant of the BclI

polymorphism; haplotype 2—minor variant of the Tth111l

and BclI polymorphisms; haplotype 3—minor variant of

the 9b and Tth111l polymorphisms; haplotype 4—minor

variant of the ER22/23EK, 9b and Tth111 polymorphisms;

haplotype 5—minor variant of the N363S polymorphism.

Detailed methods are described elsewhere [33]. As

rs11119328 was the only gene polymorphism from

chromosome 1 included in this study, it was not analysed

as part of a haplotype. In the results, it will be called

HSD11B1 minor for simplicity.

Statistical analysis

Data were analysed using SPSS Statistics version 23

(IBM, Armonk, NY, USA). The proportionality assumption

for Cox regression was tested in R version 3.2.3 (R

Project for Statistical Computing, Vienna, Austria)

using scaled Schoenfeld residuals [34]. Correction for

multiple comparisons was performed in R using the

Benjamini�Hochberg (BH) procedure with a false discov-

ery rate of 0.05 [35]. BH-adjusted P-values were

calculated, with P-values <0.05 indicating statistical sig-

nificance. Missing data were handled using complete

case analysis. Baseline characteristics were compared

between carriers and non-carriers of each haplotype and

HSD11B1 minor using Fisher’s exact test for categorical

variables and the Mann�Whitney U test for continuous

variables. Deviation from Hardy�Weinberg equilibrium

was tested using a �2 test [36]. Univariable survival ana-

lysis was performed for relapse-free, overall, renal and

adverse event-free survival using the log rank test. In

case of significant differences between GR haplotypes

or HSD11B1 genotypes, Cox regression was performed

to quantify the differences. Multivariable relapse-free and

overall survival analyses were performed using Cox re-

gression with adjustment for previously reported risk fac-

tors of relapse [37, 38] and mortality [5, 39], respectively.

Interactions between GR haplotypes and HSD11B1 minor

were checked by adding the product of both variables as

an interaction term to the regression model. Lastly, differ-

ences regarding the occurrence of infections in the first

year after diagnosis were analysed using Fisher’s exact

test.

Results

Baseline results

Baseline characteristics of the 241 patients in the study

are shown in Table 1, as well as differences between car-

riers and non-carriers of the different haplotypes of the GR

and the rs11119328 polymorphism of HSD11B1

(HSD11B1 minor). Patients received a median initial pred-

nisolone dose of 60 mg/d [interquartile range (IQR) 60�60].

After 6 months the median dose was 7.5 mg/d (IQR

5�10 mg/d). Discontinuation of prednisolone within 1 year

after diagnosis was achieved for 60% of patients. GC ex-

posure did not differ between GR haplotypes or between

carriers and non-carriers of HSD11B1 minor. A flowchart

of inclusion is shown in Supplementary Fig. S1, available

at Rheumatology online.

Genotype and haplotype frequencies

The minor allele frequencies of the GR gene and the

HSD11B1 gene were the following: 40% for BclI, 32%

for Tth111I, 17% for 9b, 5% for N363S, 4% for ER22/

23EK and 19% for rs11119328 (HSD11B1 minor). These

were comparable to minor allele frequencies found in the

general population [6].

Haplotypes were derived for the GR gene polymorph-

isms. The haplotype frequency was 38.6% for haplotype 0

(all major), 24.7% for haplotype 1 (minor BclI), 15.8% for

haplotype 2 (minor Tth + BclI), 13.1% for haplotype 3

(minor Tth + 9b), 3.1% for haplotype 4 (minor

ER22 + 9b+ Tth), and 4.8% for haplotype 5 (minor

N363S). This is comparable to haplotype frequencies re-

ported by Wester et al. [40] based on a large general

population cohort.

Relapse-free survival

In total, 129 of 241 (54%) patients experienced a relapse

within 10 years after diagnosis. Cumulative relapse-free

survival was 92% after 1 year, 53% after 5 years and

38% after 10 years. The median BVAS at relapse was 12

(IQR 7�16). The most frequent organ manifestations were

kidneys (56%), ENT (53%) and systemic (84%). Patients

most frequently received CYC induction therapy (68%)

and AZA maintenance therapy (47%) in addition to pred-

nisolone in a high initial dose. Plasmapheresis was

required for 7% of patients and 5% needed (temporary)

haemodialysis therapy.

When accounting for multiple comparisons, there was

no statistically significant difference in the risk of relapse

between carriers and non-carriers of rs11119328 (BH ad-

justed P = 0.18; Fig. 1), haplotype 1 (P = 0.97), haplotype 2

(P = 0.68), haplotype 3 (P = 0.91), haplotype 4 (P = 0.77)

and haplotype 5 of GR (P = 0.77).

In the Cox regression, the HSD11B1 genotype showed

a significant interaction with haplotype 1. Carriers of

HSD11B1 minor without a concomitant haplotype 1

[n = 42/227 (19% of patients)] had a significantly higher

risk of relapse [hazard ratio (HR) 2.5], while this risk was

compensated (HR 1.0) by the simultaneous presence of

haplotype 1 [n = 38/227 (17% of patients)]. This remained

true after correction for age, gender, serum creatinine,

ENT and pulmonary involvement, ANCA specificity and

AZA maintenance therapy (Table 2, Fig. 1).

Mortality

In total, 58 of 241 (24%) patients died within 10 years of

diagnosis. Cumulative survival was 97% after 1 year (n at

https://academic.oup.com/rheumatology 449
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risk = 241), 88% after 5 years (n = 209) and 72% after

10 years (n = 136). The log rank test showed no significant

differences in the risk of mortality between carriers and

non-carriers of haplotype 1 (BH adjusted P = 0.97), haplo-

type 2 (P = 0.97), haplotype 3 (P> 0.99), haplotype 4

(P = 0.35) and haplotype 5 (P = 0.99) or the HSD11B1

genotype (P = 0.42). In univariable Cox regression, haplo-

type 4 did not meet the proportionality assumption. After

stratification by time, haplotype 4 was a significant pre-

dictor of mortality only in the first 5 years following diag-

nosis. In multivariable Cox regression, after adjusting for

age, gender, serum creatinine, BVAS, requirement of

plasmapheresis, AZA maintenance therapy and ANCA

specificity, haplotype 4 remained a significant predictor

of 5 year mortality (Table 3, Fig. 2).

Renal survival

In total, 26 of 241 patients (11%) developed end-stage

renal disease within 10 years after diagnosis. Relatively

many events (10/26) of end-stage renal disease occurred

in the first year after diagnosis. Carriers of haplotype 4,

even after correction for multiple comparisons, had a sig-

nificantly worse 1 year renal survival compared with non-

carriers [HR 7.4 (95% CI 1.9, 28.7), BH adjusted P = 0.007]

(see Supplementary Fig. S2, available at Rheumatology

online). One-year renal survival did not differ significantly

between carriers and non-carriers of haplotype 1 (BH ad-

justed P = 0.68), haplotype 2 (P = 0.96), haplotype 3

(P = 0.97) or haplotype 5 (P = 0.60), nor between carriers

and non-carriers of a minor variant of HSD11B1 (P = 0.97).

Because of the limited number of events, multivariable

Cox regression was not performed.

Infections

Overall, 103/241 (43%) patients had an infection requiring

antimicrobial treatment during the first year after diagno-

sis. A severe infection occurred in 48 (20%) patients, an

opportunistic infection in 49 (20%), varicella zoster in 9

(4%) and CMV in 21 patients (9%). There were no signifi-

cant differences between GR haplotypes or HSD11B1

genotypes regarding the occurrence of any severe or op-

portunistic infections in the first year after diagnosis.

Metabolic adverse events

There were no significant differences between haplotypes

of the GR or HSD11B1 genotypes for prevalence of dia-

betes or hypertension at diagnosis, although homozygous

carriers of haplotype 1 tended to have diabetes more fre-

quently at baseline [4/15 (27%)] compared with heterozy-

gous [6/89 (7%)] and non-carriers [10/135 (7%)].

After 10 years of follow-up, 156 patients (67%) had

hypertension (77 new onset), 75 (31%) had diabetes (57

new onset) and 68 (29%) had dyslipidaemia (49 new

onset). When accounting for multiple comparisons, haplo-

type 1 was significantly related to the development of

new-onset dyslipidaemia (BH adjusted log rank

P = 0.007), but not hypertension (P = 0.18) or type 2 dia-

betes (P = 0.68). Homozygous carriers of haplotype 1 [HR

4.1 (95% CI 1.8, 9.6)], but not heterozygous carriers [HR

0.9 (95% CI 0.5, 1.6)], had an increased risk of new-onset

dyslipidaemia compared with non-carriers (see Fig. 3).

There were no significant differences in the risks of new-

onset hypertension, diabetes or dyslipidaemia between

other GR haplotypes or HSD11B1 genotypes.

TABLE 1 Baseline characteristics

Variable
All

(n = 241)
HT 1

(n = 104)
HT 2

(n = 70)
HT 3

(n = 60)
HT 4

(n = 15)
HT 5

(n = 22)
rs11119328

(n = 80)a

Male, % 56 58 49 60 60 55 65
Age at diagnosis,

median (IQR), years
56 (44�66) 57 (44�66) 53 (43�65) 55 (44�64) 59 (50�77) 62 (46�71) 55 (44�65)

Follow-up, median (IQR),
years

10 (6�15) 10 (6�14) 9 (6�15) 10 (5�17) 12 (3�13) 10 (8�17) 9 (6�19)

GPA, % 75 73 79 72 73 68 75

PR3 ANCA, % 73 71 80 70 73 64 74
CYC induction, % 88 88 87 92 100 82 89

Plasmapheresis, % 19 26 16 13 40 14 16

Haemodialysis, % 8 11 9 7 13 9 10

AZA maintenance, % 60 64 63 58 60 64 51
ENT activity, % 63 64 67 60 53 41 63

Pulmonary activity, % 46 52 40 38 33 50 50

Renal activity, % 69 70 73 70 80 73 70
Serum creatinine,

median (IQR), mmol/l
100 (79�227) 106 (77�247) 112 (72�234) 105 (80�209) 180 (100�350) 101 (87�215) 106 (81�236)

BVAS at diagnosis,
median (IQR)

18 (12�24) 19 (12�25) 20 (13�25) 16 (12�22) 18 (13�20) 19 (15�24) 18 (13�26)

Charlson index score 1 (0�3) 2 (0�3) 1 (0�3) 1 (0�3) 2 (1�4) 2 (0�3) 2 (0�3)

aAvailable for 227 of 241 patients. GPA: granulomatosis with polyangiitis; HT: haplotype.
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Discussion

In this retrospective study in a large cohort of AAV pa-

tients, we found that haplotype 4 of the GR gene (ER22/

23EK + 9b+ Tth111l), related to relative GC resistance,

was associated with an increased risk of 5 year mortality

and the development of end-stage renal disease.

Furthermore, the rs11119328 polymorphisms of the

gene encoding HSD11B1, hypothesized to be associated

with reduced local GC activation, in the absence of haplo-

type 1 (BclI) of the GR gene, was associated with an

increased risk of disease relapse. Lastly, homozygous

carriers of haplotype 1, previously shown to be associated

with increased GC sensitivity, had an increased risk of

developing dyslipidaemia after diagnosis of vasculitis.

GC resistance due to haplotype 4 seems to be a two-

sided coin. In the general population, it is associated with

improved overall survival [41]. This might be mediated by

beneficial metabolic effects of GC resistance (i.e. higher

insulin sensitivity, lower cholesterol levels) [42]. In case of

an inflammatory disease, haplotype 4 is potentially disad-

vantageous. This has been shown for RA [21], multiple

sclerosis [22] and now for AAV. In RA patients, patients

with the ER22/23EK polymorphism more frequently had

erosive disease and more frequently required anti-TNF

therapy [21]. This is in line with our finding that haplotype

4 carriers more frequently developed end-stage renal dis-

ease and had a higher risk of 5 year mortality, suggesting

more severe inflammation in these patients. Contradictory

to these results, we found no association of haplotype 4

with relapse-free survival. This could be explained, at least

in part, by the higher risk of severe renal disease in haplo-

type 4 carriers, which has been associated with a lower

risk of relapse in AAV [37]. This might counteract an

increased risk of relapse due to GC resistance in haplo-

type 4, resulting in no net effect on relapse. Also, as

haplotype 4 is relatively uncommon (n = 15) and is asso-

ciated with an increased risk of mortality in our population,

the number of haplotype 4 carriers with long-term data on

relapse might not be sufficient to detect an association.

To our knowledge, we are the first to report the relation

between a genetic polymorphism of HSD11B1 and clinical

outcomes of an autoimmune inflammatory disease in

humans. While GR gene polymorphisms have also been

studied for RA and multiple sclerosis patients [21, 22],

polymorphisms of HSD11B1 have not previously been

studied in human patients with an inflammatory disease.

In a mouse model of inflammatory arthritis, HSD11B1-

deficient mice had earlier onset and later resolution of in-

flammation [16]. This is in accordance with the increased

risk of relapse of patients with an HSD11B1 minor

FIG. 1 Relapse-free survival per genotype of HSD11B1

Relapse-free survival for carriers (grey dashed line) and

non-carriers (black solid line) of the HSD11B1 minor allele.

P-values shown are BH adjusted. (A) Overall relapse-free

survival. (B) Non-carriers of haplotype 1 (glucocorticoid

receptor). (C) Carriers of haplotype 1. *Significant after

adjustment for multiple comparisons.

TABLE 2 Cox regression analysis for 10 year relapse-free survival

Variable

Model 1 Model 2a

HR (95% CI) BH adjusted P-value HR (95% CI) BH adjusted P-value

HSD11B1 minor carrier 2.9 (1.8, 4.7) <0.001* 2.5 (1.5, 4.1) 0.005*

HT1 carrier 1.5 (0.9, 2.4) 0.42 1.4 (0.8, 2.2) 0.60

HT1 * HSD11B1 minor 0.2 (0.1, 0.5) 0.005* 0.3 (0.1, 0.6) 0.02*

Cox regression analyses of the HSD11B1 genotype, haplotype 1 (BclI) of the GR and their interaction for 10 year relapse-free

survival. aAdjusted for age, gender, serum creatinine, ENT and pulmonary involvement, ANCA specificity and AZA mainten-

ance therapy. *Significant after adjustment for multiple comparisons. HT: haplotype.
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(rs11119328) genotype in our study, which suggests a

pro-inflammatory phenotype due to reduced local activa-

tion of cortisone in carriers of this polymorphism.

Interestingly, we found that the increased risk of relapse

by the minor variant of HSD11B1, which would theoretic-

ally decrease local availability of cortisol to bind GR [15],

can be compensated by the simultaneous presence of

haplotype 1, which is associated with increased sensitivity

of GR to active GC [43]. Nevertheless, 19% of the study

population belonged to the group with increased risk (i.e.

rs11119328 and no haplotype 1), which is a considerable

number of patients.

Our finding of an increased risk of dyslipidaemia in

homozygous carriers of haplotype 1 is in accordance

with similar findings in the literature [19, 44, 45], although

associations of the BclI polymorphism with metabolic

FIG. 2 Overall survival for carriers and non-carriers of

haplotype 4 (ER22 + 9b+Tth)

Kaplan�Meier curve for overall survival of carriers (grey

dashed line) and non-carriers (black solid line) of haplo-

type 4 of GR. P-values shown are BH adjusted. (A) 10 year

mortality. (B) 5 year mortality. (C) Mortality between 5 and

10 years of follow-up. *Significant after adjustment for

multiple comparisons. HT: haplotype.

FIG. 3 Adverse event-free survival and haplotype 1 (BclI)

Kaplan�Meier curves for 10 year event-free survival vs

haplotype 1 of the GR. P-values shown are BH adjusted.

(A) Hypertension-free survival. (B) Dyslipidaemia-free

survival. (C) Diabetes-free survival. *Significant after ad-

justment for multiple comparisons. HT: haplotype.

TABLE 3 Cox regression analysis for 10 year overall survival

Variable

Model 1 Model 2a

HR (95% CI) BH adjusted P-value HR (95% CI) BH adjusted P-value

Haplotype 4 (0�5 years) 4.3 (1.6, 11.3) 0.03* 4.5 (1.6, 12.8) 0.03*

Haplotype 4 (5�10 years) 0.6 (0.1, 4.5) 0.97 1.0 (0.1, 7.7) >0.99

Cox regression analyses of haplotype 4 (ER22/23EK + 9b+TthIII1) of the GR, stratified by time, for 10 year overall survival.
aAdjusted for age, gender, serum creatinine, BVAS score, requirement of plasmapheresis, AZA maintenance therapy and

ANCA type. *Significant after adjustment for multiple comparisons.
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outcomes were not consistently found in all studies [20].

Based on results from this study and the aforementioned

previous studies, two copies of haplotype 1 are required

for significant effects on metabolic adverse events (i.e. het-

erozygous carriers did not have an increased risk of de-

veloping dyslipidaemia).

This study has several limitations. First, this retrospect-

ive study spans more than a decade. Therefore differ-

ences in treatment exist between patients according to

each patient’s time of diagnosis. In particular, some pa-

tients were diagnosed before the introduction of AZA

maintenance therapy. Although we studied a cohort of

>200 AAV patients from a single centre, the cohort size

might be too small for some analyses, especially for com-

paring heterozygous vs homozygous carriers of and test-

ing for interactions with relatively uncommon haplotypes

(i.e. haplotypes 4 and 5). Furthermore, we did not include

a validation cohort to confirm our findings. Therefore the

results should be verified in other cohort studies.

Nevertheless, our analyses were based on pre-specified

hypotheses, correction was performed for multiple com-

parisons and our findings are consistent with previous

literature.

The findings of this study provide insight into the influ-

ence of GC sensitivity on clinical outcomes in AAV. They

indicate proneness to relapse in carriers of a minor variant

of HSD11B1, more severe renal disease and mortality in

carriers of haplotype 4 and an increased risk of dyslipi-

daemia in homozygous carriers of haplotype 1 of GR. This

might prove useful in guiding treatment for individual pa-

tients. Examples of potential applications, after appropri-

ate validation of these results, include the use of more

intensive induction therapy for carriers of haplotype 4

with renal disease activity, longer duration of maintenance

therapy for carriers of an HSD11B1 variant without haplo-

type 1 or more emphasis on GC-sparing treatment in

homozygous carriers of haplotype 1.
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