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Introduction: Consequences of disease and treatment in ANCA-associated vasculitis 

ANCA-associated vasculitides
ANCA-associated vasculitides (AAV) are a group of auto-immune diseases characterized by pauci-
immune necrotizing inflammation of the small to medium-sized blood vessels [1]. In the majority of 
patients antineutrophil cytoplasmic antibodies (ANCA) are present. These antibodies are thought 
to play a role in the pathogenesis of these diseases [2]. AAV encompasses three clinical defined 
syndromes: granulomatosis with polyangiitis (GPA) (formerly known as Wegener’s granulomatosis), 
microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis (EGPA) [1]. Renal-
limited vasculitis is often regarded a variant of MPA. 
ANCA directed against proteinase-3 (PR3) or myeloperoxidase (MPO) can be found in over 90% of 
GPA and MPA patients [3]. PR3-ANCA are present in the majority of patients with GPA, however 
in some patients MPO-ANCA can be found as well. Conversely, half of the MPA patients present 
with PR3-ANCA and half with MPO-ANCA [4]. EGPA patients are often ANCA negative, but if 
positive mostly directed against MPO[5]. Considering the distinct clinic presentation, including the 
association with asthma, EGPA is not further discussed in this thesis. 
Accumulating evidence suggests that patients with PR3-ANCA and MPO-ANCA differ with respect 
to genetic background, clinical presentation and outcome [4, 6, 7]. ANCA specificity has shown to 
correlate better with outcome compared to the clinical defined diagnoses. Therefore, PR3-ANCA-
associated vasculitis and MPO-ANCA-associated vasculitis are increasingly regarded separate and 
defining entities [6-8]. 

Epidemiology and risk factors
ANCA-associated vasculitis can present at any age, but is mainly diagnosed after the fourth decade 
of life [9]. A slight male predominance is seen, especially in older and PR3-ANCA positive patients 
[10, 11]. AAV have an incidence of approximately 13-20 per million in Europe [12]. Geographical 
differences between the incidence of PR3 and MPO-AAV exist. While in Northwestern Europe 
the majority of patients are PR3-ANCA positive, in Southern Europe and Asia MPO-ANCA is more 
prevalent [13, 14]. For example, MPO-ANCA are detected in over 80% of Japanese patients [13]. 
These geographical differences might be explained by both genetic as well as environmental 
factors. Genome Wide Association Studies (GWAS) have shown genetic associations with the 
clinical subtypes of AAV, but even stronger associations with ANCA specificity. PR3-ANCA and 
MPO-ANCA were associated with different loci of the major-histocompatibility complex (MHC) 
and non-MHC loci [15]. Evidence also supports an environmental influence in the development of 
AAV. Several observations have fuelled the hypothesis that infections play a role in immune-system 
dysregulation and the development of AAV [16]. This is indirectly supported by studies showing 
a higher relapse rate in chronic S. aureus nasal carriers and a reduced incidence of relapses with 
trimethoprim/sulfamethoxazole therapy [17-19]. In addition, seasonal and geographical variations 
in the prevalence of disease activity are observed [12, 20].  

Clinical presentation
Every small and medium-sized blood vessel can be involved in these diseases, giving rise to a 
multiplicity of potential clinical signs, symptoms and disease phenotypes, as seen in Figure 1. A 
phase of limited or very localised disease activity with non-specific complaints might proceed 
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overwhelming disease activity with life-threatening manifestations. 
The upper and lower respiratory tract and kidneys are frequently involved in PR3-AAV. Ear, nose and 
throat involvement often presents as nasal crusting, nasal bleeding, hearing loss or hoarseness due 
to a subglottic stenosis. Lung involvement in MPO-ANCA is more often of fibrotic nature, whereas 
patients with PR3-ANCA more often present with nodular lesions and cavities. Alveolar bleeding, 
sometimes fulminant and life-threatening, can occur in both serotypes. This fibrotic propensity of 
MPO-ANCA-associated disease is also seen in kidney biopsies, and may explain the higher risk of 

Figure 1. Possible symptoms of ANCA-associated vasculitis. 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

13

1

Introduction: Consequences of disease and treatment in ANCA-associated vasculitis 

developing end-stage renal disease in MPO-ANCA positive patients. In addition, MPO-ANCA patients 
have worse renal function at presentation and this might also contribute to worse renal outcome [21]. 
Isolated necrotizing crescentic glomerulonephritis is more common in MPO-AAV compared to PR3-
AAV, whereas more organ systems outside the kidneys are involved in PR3-AAV. These differences were 
already observed by Franssen et al. a decade ago and more recently discussed by Hilhorst et al. [4, 6].  

Treatment 
An effective treatment for granulomatosis with polyangiitis and microscopic polyangiits was not 
available until the 1960’s, making these syndromes almost invariably fatal diseases up to then. Patients 
with untreated AAV have an average survival of only several months, and less than 20% survive the 
first year of disease. Glucocorticoid treatment improved survival, but still only an estimated 34% 
survived beyond the first year [22]. Reports showed beneficial effects of azathioprine during the 
1960’s, but the introduction of oral cyclophosphamide combined with high-dose glucocorticoids led 
to a substantial improvement in patient survival, nowadays up to 75% to 83% at five years [23-25]. 
Unfortunately, increases in survival came at the expense of serious acute and long-term side-effects 
of treatment. Cyclophosphamide can cause serious side-effects, such as malignancies, opportunistic 
infections, gonadal failure and bone marrow depression [3, 26]. These severe side-effects were the 
motivation for international scientific collaboration. Multiple large studies and trials were initiated 
in which alternatives for long-term oral cyclophosphamide have been studied and more recently 
alternatives and dosing protocols for glucocorticoids [27, 28]. 

Induction treatment
A major change in treatment was introduced after publication of the CYCAZAREM study in 2003 [29]. 
This study showed that after induction of remission, early switching to azathioprine maintenance 
therapy instead of continuation of cyclophosphamide, was not associated with an increased risk 
of relapse and adverse events. The long-term extension study observed a trend towards a higher 
relapse risk within the short-course cyclophosphamide group [30]. This is in concordance with 
previous observations [31, 32]. Reduction of cumulative cyclophosphamide exposure was also 
achieved by the use of pulse intravenous instead of oral cyclophosphamide. Unfortunately, the 
CYCLOPS study showed that lower cyclophosphamide exposure was associated with an increased 
risk of relapse during follow-up [33, 34].  
Alternatives to cyclophosphamide were assessed with varying degrees of success. Studies reports 
conflicting outcomes of trimethoprim/sulfamethoxazole monotherapy for the induction of remission 
in localised AAV confined to the upper and lower respiratory tract. Whereas some studies show high 
remission rates ranging from 58-93%, others report high failure rates up to 73% [35-38]. The place of 
trimethoprim/sulfamethoxazole in the treatment of this group of patients has yet to be determined. 
Methotrexate compared to cyclophosphamide for induction of remission in early systemic disease 
showed similar remission rates at 6 months. Again, this was accompanied by a higher relapse rate 
during follow-up, necessitating subsequent treatments and longer duration to obtain remission [39]. 
Mycophenolate mofetil showed efficacy in several small case and cohort studies and in patients 
who could not be treated with cyclophosphamide [40-42]. Larger studies are needed to determine 
the role of mycophenolate mofetil in the induction treatment of AAV. In contrast, rituximab for the 
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induction of remission has shown to be equally successful as cyclophosphamide. In addition, no 
difference with respect to adverse events and relapse were reported in two large trials comparing 
rituximab and cyclophosphamide [43, 44]. These results are promising, although much has to be 
learned about this drug. The effect on B-cell depletion on the long-term, the relation with B-cell 
restitution and relapse and long-term safety are still unknown. 
Overall, it has been difficult to replace cyclophosphamide for other at least as effective drugs with 
less side-effects. It also proved to be difficult to further lower the cumulative dose to less than 
the treatment of 4-6 months as described in the CYCAZAREM study. Treatment options besides 
cyclophosphamide would be a valuable addition to standard induction treatment of AAV.  

Maintenance treatment 

After the introduction of an induction and maintenance phase in the treatment of AAV several 
options for maintenance therapy have been studied and will be discussed briefly here. Early start 
of azathioprine was not associated with and increased risk of relapses and is now often used as 
the comparative drug [29]. Mycophenolate mofetil compared to azathioprine maintenance was 
associated with a higher relapse rate during a 42-month study and is not routinely used [45].  
Methotrexate as another maintenance treatment option, was shown similarly effective compared 
to azathioprine, however, a trend towards more severe adverse events was observed in the 
methotrexate group. This suggest that methotrexate could be considered for maintenance of 
remission, although it cannot be used patients with severely impaired renal function. Although, 
trimethoprim/sulfamethoxazole has shown to reduce the incidence of relapses [18], it was shown 
inferior to methotrexate in the maintenance of remission and is therefore not recommended as a 
maintenance agent. Rituximab maintenance therapy is promising, but long-term safety, efficacy and 
cost-effectiveness have still to be addressed [46]. 
Currently, azathioprine is still the mainstay in maintenance therapy and rituximab, mycophenolate 
mofetil and methotrexate should be considered alternatives [47]. In the future, rituximab might 
become first-line, however stronger evidence has yet to come from larger trials. 

Glucocorticoids 
Glucocorticoids have been the cornerstone in treatment even before the introduction of cyclophos-
phamide[22]. For the induction of remission, high-dose glucocorticoids is started besides 
cyclophosphamide. After remission is achieved, glucocorticoids are tapered and withdrawn. There is a 
paucity of evidence to support a particular glucocorticoid regimen and the protocols used vary widely. 
Duration of therapy may be as long as 6 months up to 27 months [48]. A high inter-patient variation 
is observed with respect to tapering and many patients experience complaints during tapering or 
withdrawal. In addition, a substantial part of patients is not able to discontinue glucocorticoids [49]. 
Unclear is whether this failure to taper or withdraw the low-dose prednisolone is caused by insufficient 
control of the vasculitic disease or is more related to insufficient recovery of the hypothalamic-
pituitary-adrenal (HPA) axis. Strikingly, despite the central role of glucocorticoids in the treatment of 
AAV, no longitudinal studies have investigated the effect of tapering on the recovery of the HPA axis.  
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Outcome of AAV 

Survival
Survival after diagnosis of AAV significantly improved over the past decades [25]. Nowadays 
5-year survival rates range from approximately 75% to 83% mostly depending on severity of renal 
involvement and age [24, 25, 50]. Deaths within the first year after diagnosis are primarily from 
infections (48%) and not the result of active vasculitis (19%). After the first year, cardiovascular 
disease (26%), malignancies (22%) and infections (20%) are the main causes of death [50].

Relapse
Cyclophosphamide in combination with glucocorticoids have changed AAV from fatal diseases into 
chronic and relapsing diseases. In contrast to better survival, the relapse rate does not seem to 
decrease over time [25]. Renewed disease activity exposes patients to more immunosuppressive 
therapy, accumulating damage both due to disease and treatment and uncertainty about the 
future. Relapse occurs within 5 year in 30- 50% of patients [51, 52]. Especially PR3 positive patients 
are at risk of relapse [51]. This has questioned the need for maintenance therapy in MPO-AAV, and 
also indicates that indefinite maintenance therapy would result in overtreatment of 50% of PR3 
positive patients as well [47].  

Damage 
Increased survival comes at a price. Initial and relapsing disease leads to accumulating damage 
caused by both the disease and its treatment. In 1997 the Vasculitis Damage Index (VDI) was 
developed to score the amount of damage accrued after the diagnosis of vasculitis, irrespective of 
the causative factor [53]. It was shown that severe disease, defined as a Vasculitis Damage Index 
(VDI) of ≥5 was associated with a six-fold increase in mortality [54]. Analysis of several EUVAS 
trials showed that about a third of patients experienced severe damage within seven years after 
diagnosis, while only 8% of patients had no items of damage after long-term follow-up. Damage was 
primarily renal: eGFR<50 mL/min, proteinuria and hypertension. Nasal crusting, hearing loss and 
peripheral neuropathy were also frequently recorded. The most observed treatment-related items 
were hypertension (42%), osteoporosis (14%), malignancies (13%) and diabetes mellitus(10%) [55]. 
These findings are in line with other studies demonstrating development of ear- nose and throat 
damage and renal damage most frequent [3, 56]. The whole spectrum of damage shows great 
variety and this reflects the character of these systemic multi-organ diseases. 
Treatment-related damage has mostly been linked to cyclophosphamide and this has been the 
motivation for various trials to replace or reduce the use of cyclophosphamide, as discussed 
previously. The first reports of bladder cancer after the use of cyclophosphamide go back as early 
as the 1960’s. In the following years, it was reported that AAV patients were at increased risk of 
several malignancies. An overall 2.4-fold risk of malignancies and a 33-fold increased risk of bladder 
cancer was reported by Hoffman et al. [3]. More recently, long-term follow-up showed an increased 
risk of malignancies in a dose-dependent manner. A cumulative dose of less than 36 grams was not 
associated with a measurable increased risk of malignancies, except for non-melanoma skin cancer 
[57]. After the introduction of a short induction phase followed by a maintenance phase with less 
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toxic agents, dosages generally not exceed 36 grams. 
Cyclophosphamide is an alkylating drug and causes cross-linking of DNA strands, which interferes 
with cell division. Not surprisingly, besides malignancies, cyclophosphamide in women is also 
associated with earlier menopause and its extreme form primary ovarian insufficiency [58, 59]. 
Limited data is available on the effect of orally administered cyclophosphamide on the onset of 
menopause or the incidence of primary ovarian insufficiency in women with AAV [60]. It is plausible 
that also here cyclophosphamide affects fertility in a dose-dependent manner. AAV are mainly 
diagnosed after the fourth decade of life, reports on pregnancy in AAV patients are therefore scarce. 
Reported outcome is often poor with a high rate of complications. In men, cyclophosphamide can 
also cause infertility and gonadal damage. However, the influence on testosterone production is 
far less pronounced [61]. In AAV, only one small study reported a high prevalence of androgen 
deficiency male patients, however, causality could not be inferred with this study [62]. 
Cyclophosphamide as a cause of damage has received much attention. Looking at the results of 
the EUVAS study, it becomes apparent that other agents, namely glucocorticoids, probably account 
for a high burden of induced damage and comorbidities. Hypertension, osteoporosis and diabetes 
mellitus are present in a high number of patients, as shown by the long-term follow-up of six 
EUVAS trials [55]. This is in line with the findings of the WGET study, in which 5-10% of patients had 
hypertension, diabetes mellitus, significant muscle atrophy or weakness, osteoporosis and cataract 
after a median follow-up of two years [56]. Considering the nature of the damage and comorbidities, 
it is likely that glucocorticoids played a role in their development. In addition, glucocorticoids 
contribute to the susceptibility to infections. This notion is supported by subgroup analysis of the 
EUVAS trials showing that increased cumulative glucocorticoid use was independently associated 
with higher levels of damage and having cataract and hypertension. Patients with longer duration 
of glucocorticoid treatment were more likely to have severe damage (VDI ≥5) which has been 
associated with a six-fold increase in mortality [49, 54]. Although causality could not be inferred, 
substantial evidence suggests the importance of reducing glucocorticoid treatment. 
Finally, AAV patients are faced with an unpredictable course of disease with an uncertain prognosis. 
It is not surprising that AAV have been shown to impact emotional well-being and quality of life 
[63-65]. In addition, both physical and psychological impairments can influence role functioning and 
occupational and social participation [66, 67]. Recording damage will therefore not fully capture 
the burden of disease and the impact on patients’ lives. Indeed, patients regard fatigue as the 
major burden of disease and severe organ damage was ranked substantially lower [68]. We might 
question whether fatigue and low levels of quality of life are not forms of damage as well.  

AIMS OF THIS THESIS
Advances in treatment of AAV has led to significant improvements in survival of AAV patients. 
Nowadays, the outlook of patients is increasingly determined by the development of comorbidities, 
damage and relapses. It has been shown that AAV patients experience high levels of damage and 
health-related quality of life is substantially impaired. In this thesis the impact of disease and 
treatment are being investigated to guide future treatment strategies. 
Part 1 focuses on the consequences of disease and treatment on the reproductive system and 
gonadal function in men and women. The effect of therapy, especially cyclophosphamide, on 
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fertility is a major concern for woman in their reproductive age, warranting further investigation. 
In Chapter 2 we evaluate the outcome of pregnancies in women diagnosed with AAV. Earlier 
menopause and more severely, primary ovarian insufficiency does not only affect reproduction 
but also has considerable implications for bone mineral density, general and sexual well-being, 
and cardiovascular health. Chapter 3 investigates the influence of AAV therapy on the onset of 
menopause. Chapter 4 investigates the occurrence of androgen deficiency in male patients with 
AAV. In addition, the role of testosterone in fatigue and impaired quality of life is being examined.   
Part 2 focuses on alternative treatment options for subgroups of patients to individualize and thereby 
optimize treatment. Tailoring treatment prevents over- and undertreatment and presumably 
may prevent damage. In Chapter 5 we discuss the challenges of tapering of glucocorticoids and 
argue for an individualized treatment which takes glucocorticoid sensitivity into account. To 
expand on the hypothesis that a high inter-individual variation exists and the inability to withdraw 
glucocorticoids might be attributable to a delayed recovery of the hypothalamic-pituitary-adrenal 
axis, Chapter 6 describes the study design and rationale of the CURVE study. This prospective, 
longitudinal observational study investigates the recovery of the hypothalamic-pituitary-adrenal 
axis and its relation with commonly expressed complaints. One treatment does not fit all, and 
alternatives or additional therapeutic options are needed. Chapter 7 explores the possibility to 
use trimethoprim/ sulfamethoxazole for the induction of remission in localised and early systemic 
disease, thereby completely avoiding the toxicities if treatment with glucocorticoids, methotrexate 
or cyclophosphamide. Chapter 8 investigates the efficacy and safety of mycophenolate mofetil 
compared to oral cyclophosphamide for the treatment of non-severe relapses in ANCA positive 
patients. 
Chapter 9 summarizes and discusses the main findings of the previous chapters in the context of 
the current literature. Implications for future treatment and research are discussed. 
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Abstract
Objective. Antineutrophil cytoplasmic antibody–associated vasculitis (AAV) is infrequently seen in 
women of childbearing age. Only a limited number of pregnancies in women with AAV have been 
reported, and often they were associated with complications. 

Methods. This was a single-center retrospective observational study. All pregnancies in women 
with granulomatosis with polyangiitis (Wegener’s) (n= 13) and microscopic polyangiitis (n= 1) were 
included. Women of childbearing age were counseled to abstain from pregnancy during or shortly 
after disease activity or <1 year after cyclophosphamide treatment.

Results. We described 22 pregnancies in 14 women with AAV (median age at diagnosis was 25 
years [range 19–36 years]) diagnosed between 1982–2008. The ear, nose, and throat region (71%) 
and kidneys (50%) were predominantly involved. All women were in remission at conception and 
cyclophosphamide had been administered to 9 women (15 pregnancies). The median gestational 
age was 39+4 weeks, including 2 preterm deliveries. The median birth weight was 3,400 gm 
(1,860–3,890 gm). Hypothyroidism occurred in 1 newborn and a cleft palate in 1 newborn of a 
twin pregnancy. Otherwise, the fetal outcome was excellent. Preeclampsia was diagnosed in 2 
pregnancies. A caesarean section was performed in 2 patients. The median followup after the last 
conception was 98 months (range 11–307 months). Eight women experienced a relapse 21 months 
(range 7–62 months) after conception, 1 during pregnancy, and 7 after delivery. 

Conclusion. In this study, the pregnancy outcome in patients with AAV in remission was excellent. 
Pregnancy in women with AAV in remission does not seem to be associated with increased risk of 
relapse. Counseling, careful management, and close followup are essential in pregnant women with 
AAV.

Significance & innovations
 Only a limited number of pregnancies in women with antineutrophil cytoplasmic antibody–associa- 
 ted vasculitis (AAV) have been reported, predominantly case reports and small series, often with a  
 complicated outcome.
 A small cohort of consecutive pregnancies in women with AAV with good outcome is added to the  
 existing literature.
 Using strict criteria when considering pregnancy (or planning a pregnancy) in women of childbearing  
 age with AAV may be associated with good fetal and maternal outcome.
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Outcome of Pregnancy in ANCA-Associated Vasculitis

Introduction
Antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis (AAV) is a systemic autoimmune 
disease causing small vessel vasculitis and inflammatory damage with predilection for the kidneys, 
lungs, and the upper airways (1). ANCA against proteinase 3 (PR3) and myeloperoxidase are present 
in most patients with active disease and are thought to play a role in its disease pathogenesis (2). 
Treatment consists of immunosuppressive drugs, primarily cyclophosphamide in combination with 
high-dose corticosteroids, and is able to induce remission in most patients. During followup, AAV has 
a clear tendency to relapse necessitating renewed treatment. With increased survival rates, long-
term treatment side effects are now of increasing importance. Among the various serious side effects 
of immunosuppressive drugs such as cyclophosphamide are gonadal toxicity and teratogenicity. 
Since AAV is predominately diagnosed in the fifth to seventh decade of life (3), the disease is not 
frequently observed in women of early childbearing age. Until now, only 58 pregnancies in women 
with granulomatosis with polyangiitis (Wegener’s) (GPA) and microscopic polyangiitis (MPA) have 
been reported, of whom at least 35 conceived while in remission (4-16). Pregnancies occurring 
in active disease or pregnancies complicated by new-onset disease or recurrent disease have a 
documented unfavourable outcome for both the mother and the child (4). However, pregnancies 
occurring during remission also seem to be associated with increased risk of complications. When 
a pregnancy is complicated by  recurrent) disease activity, therapy may threaten fetal and maternal 
health. 
The main goal at our center was to minimize risk for renewed disease activity during pregnancy 
and optimize pregnancy outcome for the mother and the child. Therefore, women of childbearing 
age were counseled, and if an active pregnancy wish was present, they were managed with close 
followup. This study outlines the outcome of 22 pregnancies in 14 women with GPA or MPA 
following this policy. 

Patients and methods
 
Patients
Between 1982–2008, 39 women younger than 36 years of age were diagnosed with GPA or MPA and 
treated at our center. None of these women were pregnant or had given birth within the 3 months 
prior to diagnosis. Fourteen of these women had at least 1 pregnancy reaching the third trimester 
after the diagnosis and treatment of AAV and were included in this single-center retrospective 
study. Data on patient characteristics, type of AAV, organ involvement, ANCA status, treatment 
before (induction, maintenance, and relapse) and during pregnancy, cumulative cyclophosphamide 
dose before pregnancy,  hypertension (before and during pregnancy), renal function, occurrence of 
preeclampsia and other maternal complications, gestational age at delivery, type of delivery (i.e., 
vaginal, caesarean), induction of labor, birth weight, fetal health status, and the occurrence of a 
relapse during or after the pregnancy were collected.
Patients were classified as either GPA or MPA according to the criteria adapted from the Chapel Hill 
Consensus Conference Nomenclature/Criteria for Vasculitis (1). All patients were followed until July 
1, 2011. A positive ANCA in indirect immunofluorescence was confirmed by antigen-specific enzyme-
linked immunosorbent assay. Creatinine clearance was obtained from 24-hour urine collection; if not 
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available, the Cockcroft-Gault formula was used to estimate the creatinine clearance (17). Disease 
activity at diagnosis was scored using the Birmingham Vasculitis Activity Score (BVAS) (18). Damage 
due to vasculitis presence at the time of conception was scored by the Vasculitis Damage Index (VDI) 
(19). Birth weight was expressed as median birth weight in grams and percentiles for singleton Dutch 
newborns with adjustment for sex and parity (20), and for twin newborns with adjustment for race (21). 

Definitions
Remission was defined as no clinical signs of active disease (BVAS = 0) and no biochemical evidence 
of active inflammation (C-reactive protein [CRP] level <10). A relapse was defined as clinical signs 
or biopsy-proven histologic evidence of vasculitis activity that resulted in renewed or intensified 
immunosuppressive therapy. Preexistent hypertension was defined as systolic blood pressure >140 
mm Hg, diastolic blood pressure >90 mm Hg, or receiving antihypertensive drugs. Preeclampsia was 
defined as the appearance of hypertension with systolic blood pressure >140 mm Hg or diastolic 
blood pressure >90 mm Hg accompanied by proteinuria of >300 mg/24 hours after 20 weeks of 
gestational age in a previously normotensive woman (22). Preeclampsia superimposed on chronic 
hypertension was defined as an increase in blood pressure in combination with the appearance of 
or increase in proteinuria after gestational week 20 (23). Preterm delivery was defined as delivery 
before 37 completed weeks of gestational age. A caesarean section could be planned (planned 
before delivery), primary (first caesarean section), or repeat (after a previous caesarean section).

Statistical analysis 
Disease-free survival after conception was calculated using Kaplan-Meier estimates. For data 
analysis and graphs, GraphPad Prism software (version 4.03) was used. 

Results 

Patient and treatment characteristics before pregnancy
Fourteen women (13 with GPA and 1 with MPA) in remission became pregnant once or twice after 
diagnosis at our center. A total of 22 pregnancies were identified, including 1 bichorial biamniotic 
twin pregnancy. Four of the 39 women failed to conceive and remained involuntarily childless. 
Two of the 14 women included for study reported 1 spontaneous abortion each. Due to the short 
time of gestation, 7 and 10 weeks, there was no clinical documentation of these pregnancies. An 
overview of patient, treatment, and pregnancy characteristics is shown in Table 1. The median age 
of the women at diagnosis was 25 years (range 19–36 years). Organ involvement was variable, but 
there was a high rate of ear, nose, and throat (ENT; 71%) and renal (50%) involvement. The clinical 
picture of recurrent ENT symptoms (crusting, epistaxis) together with a positive PR3 ANCA and 
characteristic histology resulted in the diagnosis of limited AAV in 4 patients. The median BVAS at 
diagnosis was 14 (interquartile range 6–19). 
Immunosuppressive induction treatment after diagnosis consisted of a combination of 
cyclophosphamide and prednisolone in 9 women. In addition, 1 patient in whom dialysis-
dependent renal failure persisted after induction therapy received prednisolone, cyclosporine, and 
mycophenolate mofetil as immunosuppressive therapy after kidney transplantation. The median 
cumulative cyclophosphamide dose before conception in these 9 women was 13.5 gm (range 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

29

2

Outcome of Pregnancy in ANCA-Associated Vasculitis

* 
AN

CA
 =

 a
nti

ne
ut

ro
ph

il 
cy

to
pl

as
m

ic
 a

nti
bo

dy
; B

VA
S 

= 
Bi

rm
in

gh
am

 V
as

cu
liti

s 
Ac

tiv
ity

 S
co

re
, a

t d
ia

gn
os

is
; V

D
I =

 V
as

cu
liti

s 
D

am
ag

e 
In

de
x,

 a
t c

on
ce

pti
on

; G
PA

 =
 g

ra
nu

lo
m

at
os

is
 w

ith
 p

ol
ya

ng
iiti

s 
(W

eg
en

er
’s)

; P
R3

 =
 p

ro
te

in
as

e 
3;

 E
N

T 
= 

ea
r, 

no
se

, a
nd

 th
ro

at
; S

VD
 =

 s
po

nt
an

eo
us

 v
ag

in
al

 d
el

iv
er

y;
 G

H
 =

 g
oo

d 
he

al
th

; K
 =

 k
id

ne
y;

 S
 =

 s
ki

n;
 N

 =
 n

eu
ro

lo
gi

c;
 A

 =
 a

rt
hr

al
gi

a;
 E

 =
 e

ye
; C

S 
= 

co
rti

co
st

er
oi

ds
; C

YC
 =

 c
yc

lo
ph

os
ph

am
id

e 
(c

um
ul

ati
ve

 d
os

e)
; A

za
 =

 
az

at
hi

op
rin

e;
 M

PA
 =

 m
ic

ro
sc

op
ic

 p
ol

ya
ng

iiti
s;

 M
PO

 =
 m

ye
lo

pe
ro

xi
da

se
; C

oT
rim

 =
 c

ot
rim

ox
az

ol
e;

 C
G

PS
 =

 c
he

ilo
gn

at
ho

pa
la

to
sc

hi
si

s;
 V

SD
s 

= 
ve

nt
ric

ul
ar

 s
ep

tu
m

 d
ef

ec
ts

; P
 =

 p
ul

m
on

ar
y;

 G
I =

 g
as

tr
oi

nt
es

tin
al

; I
VD

 =
 in

du
cti

on
 

an
d 

va
gi

na
l d

el
iv

er
y;

 T
 =

 tr
ac

he
a;

 P
F 

= 
pl

as
m

ap
he

re
si

s;
 P

SC
 =

 p
rim

ar
y 

ca
es

ar
ea

n 
se

cti
on

; C
sA

 =
 c

yc
lo

sp
or

in
e;

 M
M

F 
= 

m
yc

op
he

no
la

te
 m

of
eti

l; 
PL

CS
 =

 p
la

nn
ed

 c
ae

sa
re

an
 s

ec
tio

n;
 M

TX
 =

 m
et

ho
tr

ex
at

e.

Ta
bl

e 
1.

 P
ati

en
t c

ha
ra

ct
er

is
tic

s 
an

d 
pr

eg
na

nc
y 

ou
tc

om
e 

of
 2

2 
pr

eg
na

nc
ie

s 
in

 1
4 

w
om

en
*

Pa
tie

nt
no

./
ag

e 
at

co
nc

ep
tio

n

Di
ag

no
si

s/
ty

pe
 o

f
AN

CA
/B

VA
S

Tr
ea

tm
en

t
be

fo
re

co
nc

ep
tio

n

Tr
ea

tm
en

t
du

rin
g

pr
eg

na
nc

y

De
liv

er
y/

ge
st

ati
on

al
ag

e

Bi
rt

h
w

ei
gh

t/
he

al
th

st
at

us
 o

f t
he

ch
ild

Co
m

pl
ic

ati
on

s

Re
la

ps
e 

aft
er

co
nc

ep
tio

n,
m

on
th

s
Fo

llo
w

up
,

m
on

th
s

Lo
ca

liz
ati

on
VD

I

1/
36

1/
38

2/
24

3/
26

4/
29

5/
27

5/
33

6/
38

7/
26

7/
28

8/
28

8/
32

9/
26

10
/2

9

10
/3

1

11
/2

9

11
/3

4
12

/3
7

12
/3

9
13

/2
3

13
/2

8
14

/2
9

G
PA

/P
R 

3/
6

G
PA

/P
R 

3/
1 

9
M

PA
/M

PO
/1

2

G
PA

/P
R 

3/
5

G
PA

/P
R3

/2
2

G
PA

/P
R3

/6
G

PA
/P

R3
/3

4

G
PA

/P
R3

/1
9

G
PA

/P
R 

3/
9

G
PA

/P
R3

/3
0

G
PA

/M
PO

/1
9

G
PA

/P
R3

/1
5

G
PA

/P
R3

/6

G
PA

/P
R3

/1
2

EN
T

K,
 S

, N
, A

, E
K EN

T,
 E

EN
T,

 K
, S

, P
, G

I

EN
T

K,
 P

, N
, A

, E

EN
T,

 K
, T

EN
T

EN
T,

 K
, S

, P
, A

, E

K,
 P

, G
I

EN
T,

 N
, A

EN
T,

 S
, A

EN
T,

 S
, P

, A

1 1 3 3 0 2 2 1 2 2 2 3 0 3 3 3 3 2 2 2 2 1

Co
 T

rim
N

on
e

CS
, C

YC
 (2

2.
0 

gm
), 

Az
a

CS
, C

YC
 (4

.9
 g

m
), 

Az
a,

 C
oT

rim

Co
 T

rim
CS

, C
YC

 (2
8.

4g
m

), 
Az

a,
 

 
in

tr
av

en
ou

s 
CY

C,
 C

oT
rim

Co
Tr

im
Co

Tr
im

CS
, C

YC
 (1

4.
5g

m
), 

Az
a,

  
 

Co
Tr

im
Co

Tr
im

CS
, C

YC
 (1

3.
4g

m
), 

Az
a,

  
 

Co
Tr

im
CS

, A
za

Co
Tr

im
CS

, C
YC

 (9
.2

gm
), 

Az
a,

 C
oT

rim
,  

 
PF

Co
Tr

im

CS
, C

YC
 (8

.6
gm

), 
Az

a,
 C

oT
rim

,
 

Cs
A,

 M
M

F,
 d

ia
ly

si
s,

 P
F

CS
, A

za
, C

sA
CS

, M
TX

, A
za

, C
oT

rim
N

on
e

CS
, C

YC
 (1

3.
5g

m
), 

Az
a,

 C
oT

rim
CS

, C
YC

 (2
7.

0g
m

), 
Az

a,
 C

oT
rim

CS
, C

YC
 (1

4.
7g

m
), 

Az
a,

 C
oT

rim

N
on

e
N

on
e

N
on

e
N

on
e

N
on

e
N

on
e

N
on

e
Co

Tr
im

 (fi
rs

t m
on

th
s)

CS N
on

e
N

on
e

CS
, A

za
N

on
e

CS
, A

za

CS
 (s

in
ce

 w
ee

k 
28

)

CS
, A

za
, C

sA

CS
, A

za
, C

sA
CS N

on
e

N
on

e
N

on
e

N
on

e

SV
D

/3
9+

3
SV

D
/3

8+
2

SV
D

/4
0+

0
SV

D
/3

6+
0

SV
D

/4
1+

2
SV

D
/4

1+
0

SV
D

/3
9+

5
SV

D
/3

3+
3

IV
D

/3
7+

1

IV
D

/3
7+

2
SV

D
/4

0+
2

IV
D

/3
7+

1
SV

D
/4

1+
0

PC
S/

37
+5

SV
D

/3
8+

3

PL
CS

 (b
re

ec
h

 
pr

es
en

ta
tio

n)
/3

9+
1

IV
D

/4
0+

0
SV

D
/4

0+
0

SV
D

/4
0+

5
SV

D
/3

9+
2

SV
D

/4
0+

3
SV

D
/3

9+
5

3,
42

0 
gm

/G
H

3,
16

0 
gm

/G
H

3,
35

0 
gm

/G
H

2,
29

0 
gm

/G
H

 
pr

em
at

ur
e 

1,
86

0 
gm

/C
G

PS
,  

 
m

in
or

 V
SD

s,
 p

re
m

at
ur

e
3,

80
0 

gm
/G

H
3,

47
5 

gm
/G

H

3,
04

5 
gm

/G
H

2,
06

0 
gm

/G
H

, p
re

m
at

ur
e

2,
97

0 
gm

/G
H

2,
92

0 
gm

/G
H

3,
48

0 
gm

/G
H

3,
11

0 
gm

/G
H

3,
50

0 
gm

/G
H

2,
98

0 
gm

/i
nt

ra
ut

er
in

e 
 

in
fe

cti
on

3,
40

0 
gm

/h
yp

og
ly

ce
m

ia
, 

 
hy

po
th

yr
oi

di
sm

3,
58

0 
gm

/G
H

3,
14

0 
gm

/G
H

3,
65

0 
gm

/G
H

3,
67

0 
gm

/G
H

3,
54

0 
gm

/G
H

3,
89

0 
gm

/G
H

3,
64

5 
gm

/G
H

N
on

e
Po

st
pa

rt
ru

m
 th

yr
oi

di
tis

N
on

e
Pr

ee
cl

am
ps

ia

N
on

e
Pr

ee
cl

am
ps

ia

N
on

e
N

on
e

N
on

e

N
on

e
N

on
e

N
on

e
N

on
e

Fe
ve

r d
ur

in
g 

de
liv

er
y

Po
st

pa
rt

um
 th

yr
oi

di
tis

,
 

G
ra

ve
s’

 d
is

ea
se

N
on

e

N
on

e
N

on
e

N
on

e
N

on
e

N
on

e
An

tic
oa

gu
la

nt
s 

aft
er

  
 

de
liv

er
y 

du
e 

to
  

 
lu

ng
 e

m
bo

lis
m

 in
  

 
pr

io
r p

re
gn

an
cy

N
on

e
N

on
e

12 62 N
on

e
45 28 N

on
e

N
on

e

N
on

e
26 10 N

on
e

N
on

e

7 
(d

ur
in

g
 

pr
eg

na
nc

y)
N

on
e

N
on

e
N

on
e

N
on

e
16 N

on
e

N
on

e

17 92 30
7

11
3

18 74 10
4

66 29 15
2

43 10
9

10
6

32 16
1

58 51 24 33 56 26 11



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

30

Chapter 2

4.9–28.4 gm). The median cyclophosphamide- free period before the first conception was 47 
months (range 10–67 months). All women observed a cyclophosphamide-free period of >1 year 
before conception, with the exception of 1 woman who conceived 10 months after discontinuing 
cyclophosphamide. One  woman received cyclophosphamide therapy after her first pregnancy and 
before her second conception, resulting in a cumulative dose at the second conception of 27 gm. 
A cyclophosphamide-free period of >1 year was observed in this case as well. Methotrexate and 
prednisolone were taken by 1 woman to induce remission. Four women with limited GPA (ENT 
involvement and in 1 case additional episcleritis) were successfully treated with cotrimoxazole 
(trimethoprim/sulfamethoxazole) monotherapy, which was stopped in all 4 patients (in 3 before 
conception and in 1 after confirming pregnancy). The episcleritis was treated successfully with 
dexamethasone eye drops.
The median time between diagnosis and conception of the first pregnancy was 47 months (range 
14–82 months). The median disease-free period between the last disease episode (new-onset 
disease or relapse) and the following pregnancy was 35 months (range 6–69 months). All women 
had >1 year of stable remission before conception, with the exception of 1 woman who conceived 
6 months after attaining remission.

Conception and pregnancy 
The median age of the women at conception of the first pregnancy was 29 years (range 23–38 
years) and at the second pregnancy was 33 years (range 28–39 years; n = 8). One patient became 
pregnant with assisted reproduction (intrauterine insemination/in vitro fertilization); all others 
conceived naturally, although 2 women reported fertility problems before becoming pregnant. The 
first woman developed an irregular menstrual cycle after diagnosis and induction treatment of GPA. 
The second woman was relatively old at the time of conception of the 2 pregnancies (37 and 39 
years). In both women it took relatively longer to become pregnant, median time to conception 
was 2.5 years (range 1–3 years). At evaluation, no fertility disorders were found in both patients and 
their partners, and both women subsequently conceived naturally. 
The median VDI score at the time of conception was 2 (range 0–3) and in 20 pregnancies a VDI 
score of ≥1 was present at the time of conception. An overview of damage as scored in the VDI and 
laboratory results at the time of conception are shown in Table 2.
Fourteen pregnancies were conceived when the patient was not receiving treatment, and the 
patients remained off treatment during the pregnancy. One pregnancy was conceived when 
the patient was not receiving treatment, but due to a relapse, treatment with prednisolone was 
required at 28 weeks of gestation. One woman received cotrimoxazole in the first month of her 
pregnancy, but when her pregnancy was confirmed, the medication was stopped. In 4 pregnancies, 
immunosuppressive medication with corticosteroids (n = 4) and azathioprine (n = 2) was taken for 
maintenance therapy after attaining remission. In 2 pregnancies in 1 woman immunosuppressive 
therapy after kidney transplantation with cyclosporine and corticosteroids was continued, but 
mycophenolate mofetil was switched to azathioprine before conception, since mycophenolate 
mofetil might be teratogenic (24).
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Table 2. Patient and laboratory characteristics at time of conception*

Characteristics

* ANCA = antineutrophil cytoplasmic antibody; CRP = C-reactive protein; VDI = Vasculitis Damage Index; ENT = ear, nose, and throat.
 Number of pregnancies with ≥1 positive VDI item(s).

ANCA titer at conception, median (range) (n = 20) 80 (0-640)
CRP at conception, median (range) mg/liter (n = 19) 4 (1-9)
Serum creatinine at conception, median (range) μmol/liter (n = 22) 78 (54-181) 
Proteinuria at conception, median (range) gm/24 hours (n = 22) 0.1 (0.0-0.8)  
VDI, pregnancies (total VDI score)

 Musculoskeletal 0
 Skin/mucous membranes 0
 Ocular 0
 ENT 17 (24)
 Pulmonary 0
 Cardiovascular 3 (3)
 Peripheral vascular disease 0
 Gastrointestinal 0
 Renal 6 (11)
 Neuropsychiatric 2 (2)
 Other damage/drug reaction 3 (3)

Hypertension and hypertensive disorders 
In 20 of 22 pregnancies no gestational hypertension or (superimposed) preeclampsia was observed. 
In 2 of these 20 pregnancies preexistent hypertension was present, well controlled (<140/90 mm 
Hg), and treated around the time of conception with labetalol in 1 patient and metoprolol in the 
other. Proteinuria was present at conception in 3 of these 20 pregnancies, while a creatinine 
clearance <60 ml/minute (stage 3 chronic kidney disease) was present in one of the patients with 
preexisting hypertension. In 2 of 22 pregnancies, preeclampsia developed (week 35 and week 40), 
which included the twin pregnancy. In both cases hypertension had been present before conception 
and was treated with labetalol with an acceptable blood pressure (<140/90 mm Hg) at conception. 
Both women were managed by raising the dose of labetalol and both had spontaneous vaginal 
labor. A healthy singleton newborn was born at week 41 and the twin newborns were born at week 
36+0 (see “Outcome in child and mother” below). In addition, the mother of the twin newborns 
had reduced renal function with a creatinine clearance <60 ml/minute and proteinuria. None of the 
pregnancies were associated with acute or persistent loss of renal function in the mother.

ANCA 
In 20 of 22 pregnancies ANCAs were measured around the time of conception and during followup. 
In 5 pregnancies ANCAs were not detectable at the time of conception. ANCAs remained stable 
during pregnancy in all with an ANCA-negative titer and an ANCA-positive titer at the time of 
conception, with the exception of 1 patient who experienced fluctuating ANCA titers during 2 
pregnancies, of which the second pregnancy was complicated by a relapse at week 28. None of the 
newborns showed signs or symptoms of neonatal systemic vasculitis.
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Complications during pregnancy 
No major life-threatening complications occurred except for worsening of a preexisting tracheal 
stenosis in 1 woman. A biopsy sample showed tracheitis with nonspecific inflammation without 
signs of vasculitis activity or granulomatous inflammation, and was therefore probably of infectious 
origin. At 8 weeks of gestation high-dose intravenous prednisolone and antibiotic therapy were 
administered. At 10 weeks of gestation CO2 laser surgery of the stenosis was successfully performed 
and prednisolone was tapered. At 16 weeks of gestation an emergency tracheotomy for dyspnea 
was performed, which was followed by a microlaryngoscopy and dilation of the trachea. At 37+2 
weeks of gestation a healthy newborn was delivered.
In 1 woman, local disease activity with episcleritis developed in the fifth week of gestation. This was 
controlled with dexamethasone eye drops. At 28 weeks of gestation the disease was exacerbated 
with symptoms of arthralgia and development of glomerular erythrocyturia with stable and normal 
renal function. During pregnancy, this was treated with increasing dosages of prednisolone up to 
25 mg daily, with a cumulative dose of 922.5 mg. Directly following the delivery azathioprine (2 mg/
kg/day) was added to the therapy. One month after the delivery the patient achieved complete 
remission. ANCA titers during pregnancy varied between 1:320 and >1:640. CRP level rose from 
5 mg to 15 mg maximum and the BVAS score was 10. Shortly after the delivery the mother was 
diagnosed with postpartum thyroiditis and later with Graves’ disease.
Labor induction was required in 5 pregnancies, twice at the patient’s request, once due to the 
need for a tracheostomy insertion, once for an unknown reason, and once due to maternal fever. 
Despite labor induction in this last pregnancy, a primary caesarean section was performed, since 
fetal distress arose combined with an intrauterine infection. A planned caesarean section due to a 
breech presentation was performed in 1 woman. 

Figure 1. Disease-free survival after 22 conceptions in 14 women with antineutrophil 
cytoplasmic antibody–associated vasculitis. Women were censored when no relapse 
occurred before July 1, 2011 or when a second conception occurred.
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Outcome in the child and the mother 
All 22 pregnancies resulted in liveborn infants (n = 23). The median gestational age was 39+4 weeks 
(range 33+3–41+2 weeks). Two pregnancies ended with preterm (<37 weeks) delivery. One was a 
twin pregnancy with delivery at 36+0 weeks and the other preterm delivery at 33+3 weeks was a 
singleton pregnancy in which the mother had received cotrimoxazole in the first gestational month. 
Two of the 3 premature newborns were clinically healthy. One of the twin newborns was diagnosed 
with a bilateral orofacial cleft (cheilognathopalatoschisis) and multiple minor ventricular septum 
defects. These ventricular septum defects did not have hemodynamic consequences and gradually 
closed without interference. 
The 20 term deliveries resulted in 18 healthy newborns. One newborn was clinically suspected 
to have an intrauterine infection, despite a negative blood culture. After antibiotic therapy the 
newborn recovered completely. The second pregnancy in the same mother was complicated 
by a relapse at 28 weeks of gestation and the mother had undiagnosed Graves’ disease during 
pregnancy. The gestational age was 38 + 3 weeks and the newborn weighed 3,400 gm. This newborn 
experienced a short episode of hypoglycemia directly after the delivery and was later diagnosed 
with a hypopituitary hypothyroidism, due to an isolated thyroid-stimulating hormone deficiency. 
The thyroid axis gradually regained function at the age of 4.5 years and as a result, medication was 
able to be tapered and was eventually stopped. 
The median weight of all the newborns was 3,400 gm (range 1,860–3,890 gm). All singleton 
newborns (n = 21) had a birth weight between the 10th and 90th percentile for birth weight in Dutch 
newborns, adjusted for sex and parity. Both of the twin newborns had low birth weight (<2,500
gm), 1,860 gm (<5th percentile) and 2,290 gm (25th–50th percentile). All children were in good 
health until the end of followup, at a median age of 8 years (range 0–24 years). 
All women were referred to a gynecologist in second line at the start of their pregnancy. Complications 
in the mother were rarely seen. Two women developed postpartum thyroiditis, which was transient 
in 1, but the other woman was later diagnosed with Graves’ disease. A relapse following conception 
occurred after 8 conceptions after a median period of 21 months (range 7–62 months), with only 
1 relapse occurring during pregnancy (28 weeks), while all other relapses occurred some period 
after delivery (range 1–53 months). All remaining pregnancies were not followed by a relapse. The 
occurrence of a relapse following conception is shown in a Kaplan-Meier survival graph in Figure 1. 
The median followup after the last conception was 98 months (range 11–307 months).

Discussion
Due to the age distribution at the onset of AAV, experience with pregnancies at the time of diagnosis 
and during followup in women with this disease is very limited. The sparse data that are available 
do suggest that both with respect to maternal and fetal outcome, problems during and following 
pregnancy can occur. Given the paucity of data it is difficult to counsel women who present with 
AAV at a childbearing age and have or develop a wish to conceive. Using a very cautious policy, 
which starts with the avoidance of cyclophosphamide and, if treatment with cyclophosphamide 
is inevitable, reduction in cyclophosphamide exposure, our retrospective single-center data on 22 
pregnancies in 14 women show that pregnancies occurring in women with AAV in remission may 
have a favourable outcome for both the mother and the child. 
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The 22 pregnancies resulted in 23 liveborn infants and 20 were in excellent health. Prematurity 
occurred in 2 pregnancies (9%), which is less than previously reported in comparable study 
populations (29% [4] and 53% [5]). One of these preterm births was a twin pregnancy, which itself 
is associated with a shorter term of gestation (25). The other pregnancy was a singleton pregnancy 
in which the mother had inadvertently taken cotrimoxazole, a folic acid antagonist, in the first 
gestational month. A recent study showed that exposure to cotrimoxazole during pregnancy was 
associated with prematurity and low birth weight, although the gestational month of exposure or 
dose were not further specified in relation to the occurrence of prematurity or low birth weight 
(26). A congenital malformation occurred in one of the twin newborns, while no congenital 
malformations were observed in the other children directly after birth or during followup. One 
pregnancy was complicated by an intrauterine infection, which was successfully treated with 
antibiotics. The second pregnancy in the same mother was complicated by a relapse of AAV and the 
mother was diagnosed with Graves’ disease shortly after the delivery. Transient hypoglycaemia and 
isolated hypopituitary hypothyroidism occurred in this newborn. To our knowledge, there are no 
similar descriptions of the occurrence of ventricular septum defects, orofacial clefts, or hypopituitary 
hypothyroidisms in infants of women with AAV or in infants of pregnancies in autoimmune diseases 
with similar therapy, although, a higher incidence of ventricular septum defects has been reported 
in preterm newborns (27).
AAV remained in remission during 21 pregnancies, 1 relapse during pregnancy occurred (5%). This 
was despite the fact that in 15 pregnancies ANCAs were present at the time of conception and 
during pregnancy. In 2 study populations of young women with AAV relapse rates of 0% (5) and 
38% (4) have been reported. Although transplacental transfer of ANCA from the mother to the 
fetus has been reported in the literature (6,11,12), and has resulted in a neonatal pulmonary-renal 
syndrome in 1 case (12), none of our newborns showed signs or symptoms of AAV. Although we did 
not test for the presence or absence of ANCA in the newborn, a substantial number of women were 
ANCA positive during pregnancy and placental IgG and thereby ANCA transfer must have occurred. 
Whether this lack of clinical sequelae despite transfer of ANCA is related to the fact that the ANCA-
positive women that were pregnant with only 1 exception did not show any disease activity is 
unclear. The pathogenicity of ANCA could therefore be questioned.
In contrast to some reports in the literature, our study showed a more positive outcome for both 
the mother and the child when pregnancy occurred. Publication bias may have occurred, which 
resulted in underreporting of successful outcome of pregnancy in women with AAV. Conversely, 
the outcome could have been more favorable since our patients were young and had relatively 
limited disease- and treatment-related damage as reflected by a relatively low VDI at the time of 
conception. Additionally, in 4 patients, vasculitis was limited to the ENT and the eyes. Furthermore, 
our cohort consisted mainly of patients diagnosed with GPA (93%) and may therefore not be 
representative for patients diagnosed with MPA.
It is tempting to speculate that the outcome and lack of pregnancy- or vasculitis-associated 
complications may be related to our rather cautious and conservative approach. First, 
cyclophosphamide was not taken by all women and when treatment with cyclophosphamide 
was unavoidable, a cyclophosphamide-free period of at least 1 year had to be observed before 
conception in order to minimize any potential teratogenic effect. In addition, in this way the patient 
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had to prove to be in stable remission for at least that period without intensive immunosuppression. 
This may have induced a selection bias with women with more relapse-prone disease not reaching 
the possibility to become pregnant. Furthermore, all other therapies were evaluated before 
conception and when possible, all potentially harmful medication was stopped or tapered. Likewise, 
blood pressure was strictly regulated before conception and during pregnancy.
Future therapies of AAV with complete avoidance of cyclophosphamide, for example with rituximab, 
may further improve pregnancy chances and possibilities for women presenting with AAV at a 
childbearing age. Adequate short-term disease control has been reported, and gonadal toxicity has 
not been reported and is also not expected with this therapy (28). Rituximab could therefore be the 
first-choice treatment in young women of childbearing age to prevent gonadal toxicity and fertility-
related problems. 
Our study showed that pregnancy in women with AAV in remission can have a favorable outcome 
for both the mother and the child. It is possible that the strict selection criteria used in our center 
contributed to this positive outcome. Based on our results, we suggest the following selection 
criteria when considering a pregnancy: ideally, women should be in stable remission for >1 year. 
In addition, a cyclophosphamide-free period of 1 year is recommended. Also, other teratogenic 
medication should be avoided during pregnancy.
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Abstract

Objective. One of the side effects of cyclophosphamide is earlier menopause and primary ovarian 
insufficiency. This study was undertaken to investigate the onset of menopause and the incidence 
of primary ovarian insufficiency in women with antineutrophil cytoplasmic antibody–associated 
vasculitis (AAV), especially after treatment with orally administered cyclophosphamide.

Methods. We retrospectively studied the onset of menopause and the influence of cyclophosphamide 
in women diagnosed as having AAV in our center between 1970 and 2012.

Results. Ninety-four premenopausal women diagnosed as having AAV were included. Sixty-
seven patients received cyclophosphamide, and 27 received other, mostly immunosuppressive, 
medication. Forty-six cyclophosphamide-treated women developed menopause, 22 of whom were 
considered to have primary ovarian insufficiency. None of the patients who were not treated with 
cyclophosphamide developed primary ovarian insufficiency. There was a significant association 
between a cumulative cyclophosphamide dose of >16.6 gm, versus a cumulative dose of <16.6 gm, 
and menopause (χ²=8.72, P=0.003; odds ratio [OR] 2.60 [95% confidence interval 1.38–4.90]). In 
addition, there was a significant association between a cumulative cyclophosphamide dose of <16.6 
gm, versus no cyclophosphamide exposure, and menopause (χ²=16.37, P < 0.001; OR 7.32 [95% 
confidence interval 2.79–19.20]). Both women who received cyclophosphamide and those who did 
not experienced involuntary childlessness. 

Conclusion. Earlier menopause and primary ovarian insufficiency frequently develop after oral 
cyclophosphamide therapy in premenopausal women with AAV. Involuntary  childlessness is 
common after the development of primary ovarian insufficiency, but it also occurs in women not 
treated with cyclophosphamide. These findings emphasize the importance of the use of drugs that 
are not toxic to gonadal function in women of childbearing age.
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Menopause in Women with ANCA-associated Vasculitis

Introduction
Cyclophosphamide combined with corticosteroids has been the standard immunosuppressive 
therapy for antineutrophil cytoplasmic antibody (ANCA)– associated vasculitis (AAV) for many years. 
More than 80% of patients with granulomatosis with polyangiitis (Wegener’s) (GPA) or microscopic 
polyangiitis (MPA) who are treated with cyclophosphamide and  corticosteroids will attain remission 
(1). Despite its fundamental contribution to the survival of AAV patients, cyclophosphamide is 
associated with significant toxicity and long-term side effects, including earlier menopause and its 
extreme form, primary ovarian insufficiency (2).
Cyclophosphamide induces irreversible DNA cross-linking between and within DNA strands, 
which interferes with cell division. It is hypothesized that in the ovaries, cyclophosphamide 
induces proliferation of dormant primordial follicles and induces cell death in granulosa cells of 
larger follicles. Therefore, the recruitment of primordial follicles will be enhanced, leading to early 
depletion of the primordial follicle pool and finally menopause (3). 
Earlier menopause, and especially primary ovarian insufficiency, have considerable implications 
for reproduction, bone mineral density, general and sexual well-being, and cardiovascular 
health (4). Limited data are available on the effect of treatment, especially orally administered 
cyclophosphamide, on the onset of menopause or the incidence of primary ovarian insufficiency 
in women with AAV (5). In addition, treatment regimens have been adjusted over the years and 
possible implications of these diagnoses for fertility have hardly been evaluated. Therefore, this 
study was undertaken to study the effect of cyclophosphamide on the onset of menopause in 
women treated for AAV over the last 4 decades.

Patients and methods

Patients 
All premenopausal female patients diagnosed as having AAV and treated at the University Medical 
Center Groningen were included. Patients were classified according to criteria adopted from the 
Chapel Hill Consensus Conference Nomenclature and the algorithm developed by Watts et al (6,7). 
Patient characteristics and laboratory results were obtained from medical records. Disease activity 
at diagnosis was scored using the Birmingham Vasculitis Activity Score (BVAS) (8). Women were 
followed up until July 2014 or until they were lost to follow-up or died. This study was conducted 
according to the principles of the Declaration of Helsinki (October 2013 version).

Treatment protocol
Standard treatment for AAV consisted of daily oral cyclophosphamide (2 mg/kg) and prednisolone 
(1 mg/kg; maximum dosage of 60 mg/day). Prednisolone was  first tapered by 10 mg every 2 weeks 
until a dosage of 30 mg was reached and thereafter by 5 mg every 2–4 weeks. Until 1996, once 
remission was induced, maintenance therapy consisted of oral cyclophosphamide, which was 
tapered by 25 mg every 3 months.
From 1996 on, cyclophosphamide therapy was switched to azathioprine maintenance therapy 
(1.5–2mg/kg body weight daily) after 3 months of stable remission. Azathioprine was tapered by 
25 mg every 3 months beginning 1 year after diagnosis. Other therapies included the standard 
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prednisolone scheme combined with mycophenolate mofetil 1,000 mg twice daily, methotrexate 
25 mg once a week, or rituximab. A few patients with localised GPA were treated with cotrimoxazole 
monotherapy (800 mg trimethoprim/160 mg sulfamethoxazole twice daily). The cumulative 
cyclophosphamide dose was calculated by adding the daily dosages of cyclophosphamide. In 
patients in whom menses ceased during the treatment period and did not resume, the cumulative 
dose was calculated over the complete treatment period.

Definitions 
Menopause was defined as the last menstrual period followed by at least 12 months of amenorrhea. 
This was preferably confirmed by follicle-stimulating hormone (FSH) and luteinizing hormone (LH) 
measurements; however, these data were lacking in part of the cohort due to the retrospective 
nature of this study. Primary ovarian insufficiency was defined as the occurrence of menopause in 
women younger than 40 years old.

Statistical analysis 
SPSS version 22.0 was used for data analysis. Data are shown as the mean ± SD or median (interquartile 
range [IQR]). Differences in various parameters between groups were tested using Student’s 
t-test, Mann-Whitney U test, or Pearson’s chi-square test for normally distributed, non-normally 
distributed, and categorical variables, respectively. Time to menopause after cyclophosphamide 
therapy was evaluated by Kaplan-Meier actuarial survival curves with log rank testing. Women were 
grouped into 2 strata, and odds ratios (ORs) were calculated. Left censoring was applied to take into 
account age at cyclophosphamide initiation; therefore, age appears on the x-axis in graphs. P values 
less than 0.05 (2-sided) were considered significant.

Results

Cohort characteristics 
Ninety-four premenopausal female patients diagnosed as having AAV were included in this study. 
The mean ± SD age at diagnosis was 34±10 years. Sixty-seven women received cyclophosphamide 
for the induction of remission, and 27 women were treated with other, mostly immunosuppressive, 
medication. A summary of patient characteristics is shown in Table 1. Women treated with 
cyclophosphamide were significantly older at initiation of therapy, were more often diagnosed with 
GPA, were more often proteinase 3–ANCA positive, more frequently had renal involvement, and 
had a higher BVAS compared to women treated with other agents. The median follow-up time 
exceeded 13 years in both groups, with a total follow-up of 1,362 patient-years. A flow chart of 
eligible patients and therapies administered is shown in Figure 1. 

Treatment 
Thirteen of the 67 women treated with cyclophosphamide were initially treated with another agent 
in order to prevent cyclophosphamide exposure. Due to therapy failure or an early relapse, these 
patients started standard treatment with oral cyclophosphamide. Sixty-six patients received oral 
cyclophosphamide, and 1 woman initially received intravenous cyclophosphamide pulse therapy, 
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Age at diagnosis, mean ± SD years 34 ± 10 36 ± 11 31 ± 8 0.033
Diagnosis    
  GPA 70 (74.5%) 56 (83.6%) 14 (51.9%) 0.001
  MPA 15 (16.0%) 8 (11.9%) 7 (25.9%) 0.094†
  EGPA 9 (9.6%) 3 (4.5%) 6 (22.2%) 0.008†
ANCA-type  
  PR-3 57 (60.6%) 48 (71.6%) 9 (33.3%) 0.001
  MPO 24 (25.5%) 15 (22.4%) 9 (33.3%) 0.271
  No specificity 13 (13.8%) 4 (6%) 9 (33.3%) 0.001†
BVAS at diagnosis, median [IQR] 15 [9- 22] 19 [12- 25] 10 [7- 14] <0.001
Organ involvement at diagnosis   
  ENT  76 (80.9%) 57 (85.1%) 19 (70.4%) 0.101
  Chest 47 (50%) 36 (53.7%) 11 (40.7%) 0.254
  Renal 49 (52.1%) 41 (61.2%) 8 (29.6%) 0.006
eGFR (ml/min) diagnosis, mean ± SD  78 ± 36  76 ± 38 84 ± 34 0.394
 (n= 69) (n= 48) (n= 21) 
BMI at diagnosis, kg/m2, median  23 [21- 26] 24 [21- 27] 22 [21-25] 0.262
[IQR]  (n= 48) (n= 31) (n= 17) 
Smoking    
  Current 11 (11.7%) 5 (7.5%) 6 (22.2%) 0.044†
  Former 15 (16%) 12 (17.9%) 3 (11.1%) 0.415†
Therapy received before menopause or 
end FU    
  Cyclophosphamide 67 (71.3%) 67 (100%) 0 (0%) 
  Azathioprine 42 (44.7%) 32 (47.8%) 10 (37%) 0.344
  Glucocorticoids 86 (91.5%) 67 (100%) 19 (70.4%) <0.001†
  Mycophenolate mofetil 14 (14.9%) 9 (13.4%) 5 (18.5%) 0.531†
  Rituximab 4 (4.3%) 1 (1.5%) 3 (11.1%) 0.037†
  Methotrexate 11 (16.4 %) 7 (10.4 %) 4 (14.8 %) 0.551†
  CT monotherapy 19 (20.2%) 7 (10.4%) 12 (44.4%) <0.001
  Other 11 (11.7%) 8 (11.9%) 3 (11.1%) 0.910†
eGFR (ml/min) menopause/ end  78 ± 28 74 ± 27 85 ± 29 0.106
follow up, mean ± SD   (n= 73) (n= 51) (n= 22) 
Renal replacement therapy at  5 (5.3%) 4 (6%) 1 (3.7%) 0.658†
menopause/ end FU    
FU after diagnosis, median [IQR]  165 [90- 232] 168 [94- 234] 160 [75- 232] 0.561
months

Table 1. Patient and treatment characteristics. 

pAll women 
(n= 94)

CYC treatment 
(n= 67)

No CYC treatment 
(n=27)

* Except where indicated otherwise, values are the number (%). CYC- cyclophosphamide; GPA-granulomatosis with  
 polyangiitis (Wegener’s); MPA-microscopic polyangiitis; EGPA-eosinophilic granulomatosis with polyangiitis (Churg- 
 Strauss); ANCA-antineutrophil cytoplasmic antibody; PR3-proteinase 3; MPO-myeloperoxidase; BVAS-Birmingham  
 Vasculitis Activity Score; IQR-interquartile range; ENT-ear, nose, and throat.

†  Expected count of <5 in statistical analysis.

‡  Data on estimated glomerular filtration rate (eGFR) at diagnosis were available for 69 patients (48 who were treated  
 with cyclophosphamide and 21 who were not treated with cyclophosphamide).

§  Data on body mass index (BMI) at diagnosis were available for 48 patients (31 who were treated with cyclophos-
 phamide and 17 who were not treated with cyclophosphamide).

¶  Data on eGFR at menopause or end of follow-up were available for 73 patients (51 who were treated with cyclo- 
 phosphamide and 22 who were not treated with cyclophosphamide).
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but was subsequently switched to oral cyclophosphamide due to an insufficient response. Thirty-
nine patients switched to maintenance therapy with azathioprine after induction therapy with 
cyclophosphamide and were exposed to a significantly lower cumulative cyclophosphamide dose 
compared to women treated with a protocol of cyclophosphamide alone (median 16.6 gm [IQR 
12.4–26] versus 47.7 gm [IQR 22.5–70]; P < 0.001). All patients received oral contraceptives in 
order to attenuate cyclophosphamide-induced ovarian insufficiency and prevent pregnancy during 
treatment.

Figure 1. Flowchart of patients included in the study and therapies administered. GC=glucocorticoid.

Assessed for eligibility (n=197)

Premenopausal women (n=94)

Excluded (n=103)
 No information available (n=48)
 Postmenopausal at diagnosis (n=35)
 Use of oral contraceptives (n=13)
 Excluded (n=7)

Treated with cyclophosphamide (n=67) Treated with agents other than
cyclophosphamide (n=27). Therapies:
 Azathioprine and GC (n=10)
 Mycophenlate mofetil and GC (n=5)
 Methotrexate and GC (n=4)
 Rituximab (n=3)
 Co-trimoxazole monotherapy (n=12)

Menses and menopause 
In 33 cyclophosphamide treated patients (49%), menses did not resume within a year after treatment 
with cyclophosphamide. Patients without resumption of menses (n=33) were significantly older 
(mean ± SD 42±9 versus 30±8 years; P < 0.001) and tended to be exposed to a higher cumulative 
dose of cyclophosphamide (median 22.7 gm [IQR 17.4–50]) compared to patients in whom menses 
did resume (median 17.3 gm [IQR 11.6–45]; n=34) (P=0.055). Menses resumed more often in 
women who switched to azathioprine maintenance therapy (n=39) than in women who did not 
switch (n=28) (61.5% versus 35.7%) (χ²[1]=4.35, P=0.037).
At the end of the follow-up period, menopause had occurred in 46 (69%) of the cyclophosphamide 
treated women, at a mean ± SD age of 41±8 years. Menopause was confirmed by FSH and LH 
measurement in 18 (39%) of 46 patients. Menopause occurred after a median cumulative 
cyclophosphamide dose of 26.5 gm (IQR 16.6–54.7). Twenty-two women (48%) were considered 
to have developed primary ovarian insufficiency, since menopause occurred before the age of 40 
years. The median cumulative cyclophosphamide dose in women with primary ovarian insufficiency 
was 48.7 gm (IQR 22.9–68.6) and was significantly higher than in patients who became menopausal 
but did not have primary ovarian insufficiency (median 19.6 gm [IQR 16.2–28.8]; n=24) (P=0.008). 
At the end of the follow-up period, menopause had occurred in 4 women who were not previously 
exposed to cyclophosphamide. Menopause occurred at the age of 47 years in 2 patients and at the 
age of 50 years in 2 patients.
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A Kaplan-Meier plot with left censoring of the cumulative proportion of subjects in menopause 
against age and the interval between therapy initiation and menopause is shown in Figure 2. 
Women were stratified according to the mean cumulative cyclophosphamide dose in patients 
who switched to sequential azathioprine maintenance, which was 16.6 gm. At the age of 40, the 
cumulative proportion in menopause was 18% for women who received <16.6 gm compared to 50% 
for women who received higher doses. None of the women who received other agents developed 
menopause at age 40.
At younger ages, the effect of cyclophosphamide dose was less pronounced. The time interval 
between initiation of therapy and menopause was considerably longer in younger women, 
especially women who received <16.6 gm of cyclophosphamide. With increasing age, the 
interval was shortened, and women older than ~44 years became menopausal promptly after 
cyclophosphamide initiation, irrespective of dosage. There was a significant association between 
cumulative cyclophosphamide doses of >16.6 gm (n=42), versus cumulative doses of <16.6 gm 

Figure 2. Cumulative proportion with menopause in women treated for antineutrophil cytoplasmic antibody–
associated vasculitis. A, Patients who were not exposed to cyclophosphamide (n=27). B, Patients who were exposed 
to a cumulative cyclophosphamide dose of <16.6 gm (n=25). C, Patients who were exposed to a cumulative 
cyclophosphamide dose of >16.6 gm (n=42). Thin lines represent age at cyclophosphamide initiation; thick lines 
represent age at menopause or age at censoring. Therefore, patients are represented twice in these graphs.
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(n=25), and menopause (χ²[1]=8.72, P=0.003; OR 2.60 [95% confidence interval 1.38–4.90]). 
In addition, there was a significant association between a cumulative dose of <16.6 gm, versus 
no cyclophosphamide exposure (n=27), and menopause (χ²[1]516.37, P<0.001; OR 7.32 [95% 
confidence interval 2.79–19.20]).

Family planning 
The number of children born after diagnosis was low in the entire cohort; 17 children were born to 
cyclophosphamide-treated women (n=62) and 9 were born to women who were not treated with 
cyclophosphamide (n=26). At least 6 women with primary ovarian insufficiency were documented 
to be involuntarily childless. In addition, at least 2 patients not treated with cyclophosphamide 
and 1 cyclophosphamide treated woman regarded pregnancy as undesirable due to the burden of 
disease and were consequently involuntarily childless as well. At the end of the follow-up period, 3 
women previously treated with agents other than cyclophosphamide were still pregnant.

Discussion
This study aimed to investigate the onset of menopause and incidence of primary ovarian 
insufficiency following therapy for induction of remission of AAV and the role of orally administered 
cyclophosphamide therein. The present study indicates that cyclophosphamide is related to earlier 
menopause and primary ovarian insufficiency in a dose- and age-dependent manner and that 
current treatment protocols reduce, but by no means eliminate, ovarian toxicity.
Our findings are consistent with those of previous studies. In systemic lupus erythematosus the risk 
of sustained amenorrhea is estimated to be 25–59% after treatment with oral cyclophosphamide and 
11–54% after treatment with intravenous cyclophosphamide (9). In our cohort, 49% of the women 
had no resumption of menses, and 48% of menopausal women were considered to have developed 
primary ovarian insufficiency. The high primary ovarian insufficiency incidence in this study might 
be explained by the fact that most of these women received high cumulative cyclophosphamide 
doses. As demonstrated in previous studies, cyclophosphamide induces menopause in a dose-
dependent manner (10). 
Several of our patients were treated in the 1970s and 1980s, and at that time, cyclophosphamide 
was continued for ~2 years with slow tapering. Over the years, treatment protocols based on 
an induction phase followed by sequential therapy have reduced cyclophosphamide exposure 
dramatically. In the present study, the odds of developing menopause were >2 times lower in women 
who received <16.6 gm of cyclophosphamide, a cumulative dose comparable to those reached in 
current treatment protocols. Our results therefore show that the introduction of induction therapy 
followed by sequential therapy, due to among others the Cyclophosphamide versus Azathioprine 
During Remission of Systemic Vasculitis (CYCAZAREM) study, led to an important improvement in 
the treatment of AAV by lowering cyclophosphamide exposure and in parallel reducing the risk of 
early menopause and primary ovarian insufficiency (11).
Besides the cumulative dose received, age at cyclophosphamide initiation is considered a risk factor 
for the development of menopause or primary ovarian insufficiency, in which age is considered 
to be a reflection of ovarian reserve. The present study clearly showed an inverse association 
between age at cyclophosphamide initiation and the onset of menopause. This supports the idea 
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that younger women have a larger follicle pool and, hence, are relatively protected against follicle 
depletion. However, there appeared to be a certain age threshold, of ~44 years, above which the 
risk of menopause was unequivocally high irrespective of the cyclophosphamide dose.
This study underscores an important dilemma in the care of women of childbearing potential with 
AAV. Is there still a place for cyclophosphamide in the treatment of these women? Fortunately, new 
treatment options such as rituximab have emerged, but cyclophosphamide is still a highly effective 
agent which might be indicated in patients who show insufficient response to other therapies. 
Despite its toxicity, insufficient treatment of severely ill patients could be more detrimental. 
Additionally, poor disease control, a higher relapse rate, or vital organ damage hamper patients’ 
abilities to fulfill their desire to have a child. This is supported by our finding that several women 
regarded pregnancy as undesirable due to the burden of disease and were involuntarily childless, 
irrespective of treatment choice.
Preserving fertility is a difficult challenge, especially with the need for early treatment in AAV. In 
this study, all women received oral contraceptives in order to attenuate cyclophosphamide-induced 
menopause and prevent pregnancy during treatment. However, a meta-analysis did not show 
beneficial effects of oral contraceptives (12). In addition, the efficacy of gonadotropinreleasing 
hormone (GnRH) analogs remains uncertain, though a recent study showed a protective effect of 
a GnRH agonist on fertility (13,14). Established preservation methods such as oocyte or embryo 
cryopreservation might take too long when early treatment is warranted. The results of experimental 
methods, for example, in vitro maturation of immature oocytes which can be harvested quickly, 
ovarian cortex cryopreservation, and neoadjuvant pharmacotherapy, should be awaited (15). In 
addition, therapies that are not toxic to gonadal function, such as rituximab, should be considered.
Obviously, our results should be interpreted with caution. A limitation of this study was the lack 
of confirmation of menopause by biomarkers such as FSH or anti–müllerian hormone in part 
of the cohort. Menopause is diagnosed when the last menstruation is followed by 12 months 
of amenorrhea, but menses might resume after a longer period of time. However, it cannot be 
unequivocally concluded that resumption of menses reflects reproductive potential. A third 
potential limitation was the inclusion of all women treated over the last 40 years. Considering the 
changes in therapy, our results might be harder to extrapolate to the current situation. However, 
we stratified the patients according to a current, relevant cumulative cyclophosphamide dose. In 
addition, these results provide insights into the declining risk of earlier menopause and primary 
ovarian insufficiency over the past decades attributable to the development of new treatment 
protocols. A fourth limitation was the assessment of cumulative cyclophosphamide doses in women 
in whom menses did not resume, since the time of menopause could not be accurately determined. 
We therefore calculated the cumulative dose over the complete treatment period, which meant 
in some cases a cumulative dose over more than 1 year. This probably led to an overestimation of 
the cumulative cyclophosphamide dose that induced menopause. A strength of this study was the 
extensive follow-up consisting of 1,362 patient-years.
This study showed that earlier menopause and primary ovarian insufficiency frequently develop 
after oral cyclophosphamide therapy for induction of remission in women of childbearing potential 
with AAV. A treatment protocol based on the CYCAZAREM study successfully increased the 
interval between therapy and onset of menopause and reduced the incidence of primary ovarian 
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insufficiency in this study. We expect further improvement with newly emerging therapeutic options 
such as rituximab. 
Women should be counseled about the risk of earlier menopause, and in women older than 44 years 
of age, resumption of menses is not to be expected. Appropriate therapy, for example, estrogen 
replacement therapy, should be considered. An issue that arises from this study is the incidence of 
involuntary childlessness due to disease activity or morbidity, irrespective of choice of therapy. This 
also emphasizes the need for better disease management, preferably without cyclophosphamide. 
Nevertheless, our findings suggest that when other drugs are unable to induce remission or are not 
well tolerated, cyclophosphamide may be used up to a cumulative dose of 16 gm, which might still 
give patients, especially younger women, a “window of opportunity” if a child is desired. Induction 
of sustained remission is still vital in these incurable and life-threatening diseases.
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Abstract
Introduction: Low testosterone levels in men are associated with fatigue, limited physical  
performance and reduced health-related quality of life (HRQOL); however, this relationship has 
never been assessed in patients with anti-neutrophil cytoplasmic antibodies (ANCA)-associated 
vasculitides (AAV). The aim of this study was to assess the prevalence of androgen deficiency and 
to investigate the role of testosterone in fatigue, limited physical condition and reduced HRQOL in 
men with AAV.

Methods: Male patients with AAV in remission were included in this study. Fatigue and HRQOL were 
assessed by the multi-dimensional fatigue inventory (MFI)-20 and RAND-36 questionnaires.

Results: Seventy male patients with a mean age of 59 years (SD 12) were included. Scores of almost 
all subscales of both questionnaires were significantly worse in patients compared to controls. 
Mean total testosterone and free testosterone levels were 13.8 nmol/L (SD 5.6) and 256 pmol/L (SD 
102), respectively. Androgen deficiency (defined according to Endocrine Society Clinical Practice 
Guidelines) was present in 47% of patients. Scores in the subscales of general health perception, 
physical functioning and reduced activity were significantly worse in patients with androgen 
deficiency compared to patients with normal androgen levels. Testosterone and age were predictors 
for the RAND-36 physical component summary in multiple linear regression analysis. Testosterone, 
age, vasculitis damage index (VDI) and C-reactive protein (CRP) were associated with the MFI-20 
subscale of general fatigue.

Conclusions: This study showed that androgen deficiency was present in a substantial number 
of patients with AAV. Testosterone was one of the predictors for physical functioning and fatigue. 
Testosterone may play a role in fatigue, reduced physical performance and HRQOL in male patients 
with AAV. 

Keywords: Fatigue, health-related quality of life (HRQOL), physical functioning, testosterone, 
androgen deficiency, ANCA-associated vasculitis
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Introduction
Granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA) and eosinophilic 
granulomatosis with polyangiitis (EGPA) are associated with anti-neutrophil cytoplasmic antibodies 
(ANCA) and, therefore, are also known as ANCA-associated vasculitides (AAV). This group of 
autoimmune diseases is characterized by inflammation of the small to medium-sized blood vessels, 
which can affect a variety of organs [1]. The upper airways, lungs and kidneys are most frequently 
involved and this may lead to organ failure with potentially life-threatening outcome. The 
combination of cyclophosphamide (CY) and high dose glucocorticoids (GC) forms the cornerstone 
of induction therapy. With this therapy life expectancy has increased significantly with current five 
year survival rates exceeding 80% [2]. Consequently, these previously fatal diseases have evolved 
into chronic relapsing illnesses. 
Fatigue and reduced physical condition are frequently expressed complaints by patients, even after 
attainment of remission. In addition, several studies have demonstrated that many patients with 
these diseases experience a reduced health-related quality of life (HRQOL) and impairments in 
daily life, work and social activities[3,4]. Since these diseases have become chronic diseases, more 
attention has been paid to the assessment of HRQOL and its contributing factors. Pain, presence 
of neuropathy, glucocorticoid treatment, neurologic involvement at diagnosis and employment 
status are considered to influence HRQOL [4-6]. Fatigue is also thought to be a major contributor to 
impaired quality of life [7].
Low testosterone levels are known to be associated with fatigue and diminished performance. 
Previously, a small study reported the prevalence of hypogonadism in 19 male patients with GPA 
[8]. More than 50% of patients fulfilled the proposed criteria of hypogonadism in that study group; 
however, the relationship between testosterone and fatigue was not assessed. 
The aim of the current study was to investigate the prevalence and determinants of androgen  
deficiency in a large group of men with AAV in stable remission and the possible relation  between 
testosterone levels and physical performance.

Methods

Patients
Male patients diagnosed with GPA, MPA or EGPA in stable remission and visiting the outpatient 
clinic of the University Medical Center Groningen (UMCG) between October 2010 and October 
2011 were asked to participate in this cross-sectional study. Patients were eligible if therapy with 
cyclophosphamide had been stopped at least six months prior to study entry. Patients were classified 
as GPA, MPA or EGPA according to criteria adopted from the Chapel Hill Consensus Conference 
Nomenclature and the algorithm developed by Watts et al. [1,9]. Data were collected on patient, 
disease and treatment characteristics through medical records. Informed consent was obtained 
at the visit to the outpatient clinic. The study was approved by the Medical Ethical Board of the 
University Medical Center Groningen as part of a larger study on biomarkers and disease activity 
and damage in ANCA-associated vasculitis (METc number 2010/057).
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Clinical assessment and questionnaires
Disease activity at time of assessment was scored using the Birmingham Vasculitis Activity Score 
(BVAS) [10]. Stable remission was defined as BVAS 0 and no signs or symptoms of disease activity. 
Chronic damage due to disease, treatment or unrelated events was scored by the Vasculitis Damage 
Index (VDI) at the time of study [11]. 
For the assessment of HRQOL the RAND- 36 health survey was used. In this self-report questionnaire 
HRQOL is divided into eight subscales: general health perception, physical functioning, social 
functioning, role limitations due to physical problems, role limitations due to emotional problems, 
pain, vitality and mental health. Normative data were derived from a screening of 1,063 persons 
in the municipality of Emmen in The Netherlands. Scores in every subscale range from 0 to 100, 
with a higher score reflecting a higher level of functioning [12]. The eight domains of the RAND-36 
were summarized resulting in the physical component summary (PCS) and the mental component 
summary (MCS), with a population mean of 50 SD 10 [13]. For the assessment of fatigue the Multi-
dimensional Fatigue Inventory (MFI-20) was used [14]. This self-report questionnaire contains 
20-items, covering five dimensions of fatigue: general fatigue, physical fatigue, reduced activity, 
reduced motivation and mental fatigue. Scores in every dimension range from 4 to 20, a higher 
score corresponding to a higher level of fatigue. The subscale of general fatigue was considered as 
the overall fatigue score encompassing both physical and mental aspects of fatigue, as proposed 
by the authors [14]. Normative data were derived from a healthy Dutch population described by 
Smets et al. [15]. Both questionnaires were in Dutch. The study cohort and reference population 
were not matched. 

Laboratory parameters
All laboratory parameters were measured at the time of the assessment. Creatinine clearance (CC) 
was obtained from 24-hour urine collection; if not available, CC was estimated using the Cockcroft-
Gault formula [16]. Normal kidney function was defined as CC of >90 ml/minute together with 
proteinuria of <0.3 g/24 hours. 
Total testosterone was analyzed by radioimmunoassay, using (1,2,6,73H)-testosterone as tracer 
(Amersham Biosciences, Buckinghamshire, UK) [17]. The coefficient of the intra-assay variation 
was 4.5%, and of the inter-assay variation was 10.5%. Sex hormone-binding globlin (SHBG) was 
measured by in-house radioimmunoassay, using a binding assay. Hemoglobin and albumin were 
obtained from routine blood investigations. SHBG and albumin were measured to calculate the free 
testosterone from total testosterone according to the formula by Vermeulen [18]. 

Definitions
Male patients were considered to have androgen deficiency when the level of total testosterone 
was <10 nmol/L or 10 to 12 nmol/L in combination with free testosterone <0.30 nmol/L (lower limit 
UMCG), as recommended by the Endocrine Society Clinical Practice Guidelines [19].

Statistical analyses
Data were analyzed using SPSS 20.0. Graphs were made with GraphPad Prism software (version 
5.0) and SigmaPlot (version 11.0). Mean plus standard deviation (SD) and median plus interquartile 
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range (IQR) were used for summary data. For the comparisons of normally distributed data the 
Student’s t-test was used. Not normally distributed data were compared using the Mann-Whitney 
U-test. If indicated, not normally distributed data were log transformed. Z-scores were calculated 
for comparison of the scores of the RAND-36 and the MFI-20 between patients with androgen 
deficiency and normal androgen levels. Backward stepwise multiple linear regression analyses were 
performed on PCS, MCS and the subscale of general fatigue. The following candidate predictors 
were included: total testosterone; age; interaction between age and testosterone; hemoglobin; 
CC; C-reactive protein (CRP); VDI; disease duration; log-transformed cumulative GC dose and log-
transformed cumulative CY dose. Backward stepwise multiple linear regression analysis was also 
performed on the level of total testosterone. The following candidate predictors were included: age; 
SHBG; VDI; body mass index (BMI); hemoglobin; current glucocorticoid use; CRP; log-transformed 
cumulative cyclophosphamide dose and the log-transformed cumulative glucocorticoid dose. 
Statistical significance was defined as a two-sided P ≤ 0.05.

Results

Patient characteristics at diagnosis and study 
Seventy male patients diagnosed with GPA (n = 54), MPA (n = 14) and EGPA (n = 2) between 1984 
and 2009 were included. The mean age at diagnosis was 50 years (SD 14). In five patients the 
disease was limited to the ear, nose and throat (ENT) region, eyes, orbits or a combination; in all 
others generalized vasculitis had been present during the course of the disease. The ENT region 
(63%), kidneys (56%) and lungs (51%) were most frequently involved. ANCA against proteinase 

Table 1. Patient and laboratory characteristics at time of study

Characteristics

Age at study (years), mean (SD)
Diagnosis to study (months), median (IQR)
Last relapse to study (months), median (IQR)
BVAS = 0, n
VDI, median (IQR)
Cum. CY (g.), median (IQR)
Cum. GC (g.), median (IQR)
TT (nmol/L), mean (SD)
FT (pmol/L), mean (SD)
SHBG (nmol/L), mean (SD)
Hb (mmol/L), mean (SD)
CRP (mg/L), median (IQR)
CC ml/min), mean (SD)

BVAS, Birmingham Vasculitis Activity Score; CC, creatinine clearance; CRP, C-
reactive protein; Cum. CY, cumulative cyclophosphamide; Cum. GC, cumulative 
glucocorticoid; FT, free testosterone; Hb, hemoglobin; SHBG, sex hormone- 
binding globulin; TT, total testosterone; VDI, Vasculitis Damage Index.

59 (12)
79 (44 to 149)
39 (19 to 68)
70
3 (2 to 4)
27.5 (17.2 to 57.8)
15.3 (7.0 to 26.0)
13.8 (5.6)
256 (102)
39 (14)
8.7 (1.0)
<5 (<5 to 6)
90 (30)

All patients
(number = 70)
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3 (PR-3) were present in 50 patients, ANCA against myeloperoxidase (MPO) were present in 18 
patients and ANCA without specificity were present in two patients. Sixty-seven patients had been 
treated with cyclophosphamide, two patients with rituximab and one had been treated only with 
co-trimoxazole monotherapy prior to this study. One of the included patients developed a transient 
reduction of total testosterone at diagnosis. A second patient experienced a testicular infarction 
with extensive hemorrhage and inflammation resulting in a one-sided orchidectomy. A third patient 
had involvement of the testes at diagnosis. Testosterone levels in all three patients had returned 
or were proven to be within the normal range after induction of remission in a period prior to this 
study. None of the included patients was or had been treated with androgen substitution therapy. 
Forty-three patients experienced one or more relapse(s) and 27 patients had no relapse before 
inclusion in the current study. An overview of patient and laboratory characteristics at the time of 
study is presented in Table 1.

Androgen status
Mean total and free testosterone levels were 13.8 nmol/L (SD 5.6) and 256 pmol/L (SD 102), 
respectively (Figure 1). Thirty-three patients (47%) had androgen deficiency according to the 
definition of the Endocrine Society Clinical Practice Guidelines [19]. Seven percent of patients under 
50 years of age (n = 14) and 57% of patients over 50 years of age (n = 56) had androgen deficiency. 
The mean level of SHBG was 39 nmol/L (SD 14), and 51 patients (73%) had SHBG levels above 
the upper reference of our center, 30 nmol/L. No known SHBG-increasing conditions, for example, 
hepatic cirrhosis, hepatitis, hyperthyroidism, use of anticonvulsants or HIV, were present in any 
of our patients [19]. The use of glucocorticoids at the time of the assessment was significantly 
associated with lower levels of SHBG, a known effect of glucocorticoid use. 

Figure 1. Mean total and free testosterone. Normal values are represented by the dashed lines, 
respectively at 10 nmol/L for total testosterone and 300pmol/L for free testosterone.
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Figure 2. Mean scores in the subscales of the RAND-36 of all patients and references. A P value of P < 0.010 
is shown as * and P < 0.001 as **.

Figure 3. Mean scores in the subscales of the MFI-20 of all patients and references. A P value of P < 0.010 is 
shown as * and P < 0.001 as **.
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Scores on the RAND-36 and MFI-20 
Scores in every subscale of the RAND-36, except for the subscale of mental health, were significantly 
lower in patients with AAV compared to the control population (P values ranged from < 0.001 to 
0.009) (see Figure 2). The mean PCS score was 41.4 (SD 11.4) which is significantly lower than in the 
mean population (P < 0.001). The mean MCS score was 47.8 (SD 9.5) which is not significantly lower 
than that of the mean population (P = 0.055). 
Scores in the subscales of general fatigue (P = 0.001), physical fatigue (P < 0.001) and reduced 
activity (P = 0.001) of the MFI-20 were significantly higher compared to the reference scores. The 
subscales of reduced motivation and mental fatigue were not significantly higher (see Figure 3). 
Z-scores of the PCS, subscale of general health perception and subscale of physical functioning 
(RAND-36) were significantly lower and scores in the subscale of reduced activity (MFI-20) were 
significantly higher in patients with androgen deficiency compared to patients with normal androgen 
levels. In addition, scores in the subscales of social functioning (P = 0.052), role limitations due to 
physical problems (P = 0.081), general fatigue (P = 0.081), physical fatigue (P = 0.062) and reduced 
motivation (P = 0.064) tended to be worse in patients with androgen deficiency (see Figure 4). 
The patient characteristics for patients with (n = 33) and without (n = 37) androgen deficiency are 
presented in Table 2. Additional file 1, Table S1 shows a broad overview of scores of the RAND-36 
and MFI-20 questionnaires.

Figure 4. Z-scores of the RAND-36 and MFI-20 questionnaires. Grey circles represent mean and SD of patients with 
normal androgen levels (n=37) and black squares represent mean and SD of patients with androgen deficiency (n= 33). 
Mean population score is represented by a Z-score of zero. P < 0.05 is indicated with*. Note that higher Z-scores on the 
MFI-20 mean more fatigue and lower Z-scores on the RAND-36 signify poorer quality of life. 
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0.005
0.041
0.403

0.045
0.049
0.001
<0.001
<0.001
0.029
0.009
0.072
0.811

P

Table 2. Patient, treatment and laboratory characteristics of patients with androgen deficiency and patients with 
normal androgen levels

Characteristics

Age at study (years), mean (SD)
Diagnosis to study (months), median (IQR)
Last relapse to study (months), median (IQR)
BVAS = 0, n
VDI, median (IQR)
Cum. CY (g.), median (IQR)
Cum. GC (g.), median (IQR)
TT (nmol/L), mean (SD)
FT (pmol/L), mean (SD)
SHBG (nmol/L), mean (SD)
Hb (mmol/L), mean (SD)
CRP (mg/L), median (IQR)
CC (ml/min), mean (SD)
Treatment at study
No treatment, number
CT, number
GC (+ CT), number
Aza (+ CT), number
MMF (+CT), number
GC and Aza (+CT), number
GC and MMF (+CT), number

Aza, azathioprine; BVAS, Birmingham Vasculitis Activity Score; CC, creatinine clearance; CRP, C-reactive protein; CT, co-trimoxazole, 2 
dd 800/160 mg; Cum. CY, cumulative cyclophosphamide; Cum. GC, cumulative glucocorticoid; FT, free testosterone; Hb, hemoglobin; 
MMF, mycophenolate mofetil; SHBG, sex hormonebinding globulin; TT, total testosterone; VDI, Vasculitis Damage Index.

55 (13)
75 (39 to 119)
36 (19 to 67)
37
3 (2 to 4)
22.4 (15.5 to 39.8) 
10.6 (6.1 to 18.4)
17.4 (5.5)
313 (103)
43 (12)
9.0 (1.0)
<5 (<5 to <5)
91 (27)

11
9
3 (1)
8 (6)
3 (3)
1 (1)
2 (2)

64 (10)
129 (70 to 168)
49 (19 to 73)
33
4 (2 to 5)
46.6 (18.0 to 92.0)
21.7 (13.5 to 33.0)
9.8 (1.9)
193 (51)
35 (15)
8.4 (0.9)
<5 (<5 to 9)
89 (39)

7
5
7 (2)
2 (1)
2 (1)
6 (6)
4 (3)

Normal androgen levels
(number = 37)

Androgen deficiency
(number = 33)

Table 3. Multiple linear regression model predicting for PCS

PCS

Age, years
Total testosterone, nmol/L
Interaction age and total testosterone

Adjusted R square 0.092; intercept 89.32 (95% CI, 51.572; 127.071). PCS, physical 
component summary.

-0.917 (-1.569; -0.266)
-2.837 (-5.293; -0.381)
0.57 (0.013; 0.102)

0.007
0.024
0.013

B (95% CI) P Value

The predictors for physical functioning (PCS), mental functioning (MCS) and fatigue (subscale 
of general fatigue) were assessed in multiple linear regression analyses. Testosterone, age and 
the interaction between age and testosterone were predictors for the PCS (see Table 3). The 
subscale of general fatigue was associated with testosterone, age, the interaction between age 
and testosterone, CRP and VDI (see Table 4). None of the candidate predictors was significantly 
associated with the MCS. Figure 5 demonstrates the nature of the interaction between age and 
testosterone levels on PCS.



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

60

Chapter 4

Determinants of levels of testosterone
Patients with androgen deficiency had a significantly longer disease duration, higher VDI scores and 
higher cumulative cyclophosphamide doses compared to patients with normal androgen levels, 
reflecting a higher disease burden and more immunosuppressive therapy (Table 2).
In multiple linear regression analysis total testosterone was significantly associated with the 
predictors age, SHBG and the log transformed cumulative glucocorticoid dose (Table 5).

Figure 5. Association between the physical component score and levels of total testosterone for patients under and 
above the median age of 61.3 years. Open squares represent total testosterone levels and PCS scores of patients 
under the median age and the blue circles represent total testosterone levels and PCS scores of patients above the 
median age. PCS, physical component summary.
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Table 5. Multiple linear regression model predicting for level of total 
testosterone

Age, years
SHBG, nmol/L
Ln cum GC

Adjusted R square 0.302; intercept 34.92 (95% CI, 19.16; 50.68). Ln cum GC; 
log-transformed cumulative glucocorticoid dose; SHBG, sex hormone-binding 
globulin;

-0,15 (-0.25; -0.06)
0,16 (0.07; 0.24)
-1,89 (-3.38; -0.40

0.002
0.000
0.014

B (95% CI) P Value

Table 4. Multiple linear regression model predicting for general fatigue

General fatigue

Age, years
Total testosterone, nmol/L
Interaction age and total testosterone
VDI
CRP

Adjusted R square; 0.117 intercept -6.523 (95% CI, -22.426; 9.380). CRP, C-
reactive protein; VDI, Vasculitis Damage Index.

0.301 (0.026; 0.575)
1.045 (0.017; 2.073)
-0.019 (-0.038; 0.000)
0.642 (0.061; 1.223)
-0.123 (-0.238; -0.008)

0.032
0.046
0.045
0.031
0.037

B (95% CI) P Value
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Discussion
Fatigue and limited physical condition are frequently expressed complaints by patients with AAV. 
Our data confirm the finding that AAV patients show considerably reduced HRQOL and increased 
fatigue. Several studies identified contributing factors to reduced HRQOL and fatigue; however, the 
role of sex hormones has not been studied. Here, we showed that there was a high prevalence of 
androgen deficiency among male patients with AAV and that testosterone levels were associated 
with physical functioning and fatigue in multiple linear regression analyses. Furthermore, we 
found indications that longer duration of disease and treatment, especially long-term use of 
glucocorticoids, was associated with reduced androgen concentrations in male patients with AAV. 
Androgen deficiency was more prevalent in this study (47%) compared to the normal population 
[20]. Aging is associated with a decline of testosterone levels; however, this physiological decline 
is rather subtle and is estimated to be -0.4% to -0.8% per year in cross-sectional studies [21,22]. 
Patients with androgen deficiency were significantly older compared to patients with normal 
androgen levels, and, therefore, an age-related decline of a few percent was expected. However, 
testosterone levels in patients with androgen deficiency were more than 40% lower. 
Besides age and SHBG, the cumulative glucocorticoid dose was associated with the level of total 
testosterone, suggesting a role for treatment with glucocorticoids in this decline. It is unknown 
whether glucocorticoids themselves, as toxic drugs, reduce androgen production or whether a 
higher cumulative dose reflects severe disease, which may be associated with reduced testosterone 
production. Previous research showed that chronic glucocorticoid therapy can result in a decrease 
of testosterone [23-26]. In addition, disease related damage reflected by the VDI, disease 
duration and the cumulative cyclophosphamide dose were significantly higher in patients with 
androgen deficiency. These variables, especially the cumulative cyclophosphamide dose, were not 
significantly associated with levels of testosterone in multiple linear regression analyses. Over time, 
the cumulative cyclophosphamide dose has been reduced; therefore, a possible relation between 
cyclophosphamide and testosterone might be difficult to demonstrate.
Our findings are in line with the findings of Richter et al. who reported a high prevalence of 
hypogonadism in a small cohort of male patients with AAV [8]. In contrast to Richter et al., we found 
indications that the cumulative glucocorticoid doses were associated with levels of testosterone. 
It is not clear what caused the opposite finding; however, our cohort consisted of more patients, 
patients had a longer disease duration and twice as high median cumulative glucocorticoid doses. 
To our knowledge, Richter et al. were the first to report data on sex hormones in a cohort of men 
with AAV; in patients with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) sex 
hormones have been studied before. In RA several studies reported low levels of testosterone, 
often with an increase of testosterone after attaining remission [27-29]. In SLE the results are 
not conclusive, with some studies showing suppression of testosterone levels and some not [30]. 
However, both disease courses and treatment strategies are different from AAV.
Finally, SHBG was raised in over 70% of patients, possibly due to raised production of SHBG in 
the liver in response to low levels of free testosterone. Levels of free  testosterone, which are 
biologically active, decrease due to binding of SHBG and, subsequently, relatively normal total 
testosterone levels are measured. This could even underestimate the number of patients with 
androgen deficiency in a patient population in which only total testosterone levels are measured. 
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Scores of the RAND-36 and the MFI-20 of patients were significantly worse compared to the control 
population, except for the subscales of mental health (RAND-36), reduced motivation and mental 
fatigue (MFI-20). This finding is consistent with the studies of Koutantji et al. [5] and Basu et al. 
[7], in which the subscale of mental health of the SF-36 was not significantly reduced. Patients 
with androgen deficiency scored worse on several subscales of both questionnaires; however, 
this difference was most evident in subscales reflecting physical functioning, including the PCS. In 
addition, total testosterone was an important predictor for physical functioning, especially in older 
patients. Total testosterone, age, VDI and CRP were predictors for fatigue. This demonstrates that 
both testosterone and damage due to disease activity may play a role in fatigue. In conclusion, this 
suggests an influence of testosterone on physical performance and fatigue in male patients with 
AAV.
Our study has several limitations. Fatigue and reduced HRQOL are multifactorial problems and the 
group of patients is too small to identify all the contributors to these problems. This heterogeneous 
cohort consisted of patients diagnosed with GPA, MPA and EGPA. With only two EGPA patients, this 
cohort is probably not representative of patients with EGPA. Additionally, fatigue is also a common 
complaint among female patients, but they have been excluded from this study, due to the focus 
on testosterone. 
We measured the testosterone levels only once and we did not measure levels of luteinizing hormone 
(LH) or follicle stimulating hormone (FSH). Therefore, further research is needed to specify if the low 
testosterone levels are caused by primary testicular failure, by hypopituitary hypogonadism or by a 
combination of both. Furthermore, we have not evaluated other relevant consequences resulting 
from low levels of testosterone in this study, in particular sexual dysfunction, which might be more 
strongly associated with testosterone levels than fatigue is [31].

Conclusions
This study showed that a substantial number of male patients with AAV in remission have androgen 
deficiency. Furthermore, we demonstrated that reduced levels of testosterone were associated 
with reduced physical performance and increased fatigue. Since testosterone is one of the few 
contributing factors that could be modified, testosterone substitution might be considered in these 
patients.
We also found evidence that treatment with glucocorticoids might influence androgen production 
in male patients with AAV. Our findings stress the need for new therapies with less toxic drugs 
which could not only replace cyclophosphamide but also reduce the need for treatment with 
glucocorticoids.
Further research should study the effect of testosterone substitution on fatigue, physical 
performance and health-related quality of life in male patients with AAV.
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List of abbreviations
AAV: ANCA-associated vasculitides; ANCA: anti-neutrophil cytoplasmic antibodies; BVAS: 
Birmingham Vasculitis Activity Score; CC: creatinine clearance; CRP: C-reactive protein; CY: 
cyclophosphamide; EGPA: eosinophilic granulomatosis with polyangiitis; ENT: ear, nose and throat; 
FSH: follicle stimulating hormone; GC: glucocorticoid; GPA: granulomatosis with polyangiitis; HRQOL: 
health-related quality of life; LH: luteinizing hormone; MCS: mental component summary; MFI-20: 
Multi-dimensional Fatigue Inventory; MPA: microscopic polyangiitis; MPO: myeloperoxidase; PCS: 
physical component summary; PR-3: proteinase 3; RA: rheumatoid arthritis; SHBG: sex hormone-
binding globulin; SLE: systemic lupus erythematosus; UMCG: University Medical Center Groningen; 
VDI: Vasculitis Damage Index.

COMPETING INTERESTS
The authors declare that they have no competing interests.

AUTHORS’ CONTRIBUTIONS
JT, BB, JS, CS and AB all contributed to the conception and design of the study. JT and BB collected the 
data necessary for this study and JT, BB, JS, CS and AB made substantial contributions to the analyses and 
interpretation of the data. JT, BB, JS, CS and AB contributed to the drafting and revising of the content of 
the manuscript. All authors read and approved the final manuscript.



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

64

Chapter 4

References
1. Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F, Flores-Suarez LF,  Gross WL, Guillevin L, Hagen EC,  
 Hoffman GS, Jayne DR, Kallenberg CG, Lamprecht P, Langford CA, Luqmani RA, Mahr AD, Matteson EL, Merkel PA,  
 Ozen S, Pusey CD, Rasmussen N, Rees AJ, Scott DG, Specks U, Stone JH, Takahashi K, Watts RA: 2012 revised Inter- 
 national Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013, 65:1-11.

2.  Mukhtyar C, Flossmann O, Hellmich B, Bacon P, Cid M, Cohen-Tervaert JW, Gross WL, Guillevin L, Jayne D, Mahr  
 A, Merkel PA, Raspe H, Scott D, Witter J, Yazici H, Luqmani RA, European Vasculitis Study Group (EUVAS):  
 Outcomes from studies of antineutrophil cytoplasm antibody associated vasculitis: a systematic review by the 
 European League Against Rheumatism systemic vasculitis task force. Ann Rheum Dis 2008, 67:1004-1010.

3.  Hoffman GS, Drucker Y, Cotch MF, Locker GA, Easley K, Kwoh K: Wegener’s granulomatosis: patient-reported  
 effects of disease on health, function, and income. Arthritis Rheum 1998, 41:2257-2262.

4.  Reinhold-Keller E, Herlyn K, Wagner-Bastmeyer R, Gutfleisch J, Peter HH, Raspe HH, Gross WL: Effect of Wegener’s  
 granulomatosis on work disability, need for medical care, and quality of life in patients younger than 40 years at  
 diagnosis. Arthritis Rheum 2002, 47:320-325.

5.  Koutantji M, Harrold E, Lane SE, Pearce S, Watts RA, Scott DG: Investigation of quality of life, mood, pain, disability,  
 and disease status in primary systemic vasculitis. Arthritis Rheum 2003, 49:826-837.

6.  Walsh M, Mukhtyar C, Mahr A, Herlyn K, Luqmani R, Merkel PA, Jayne DR: Health-related quality of life in patients  
 with newly diagnosed antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Care Res (Hoboken)  
 2011, 63:1055-1061.

7.  Basu N, Jones GT, Fluck N, MacDonald AG, Pang D, Dospinescu P, Reid DM, Macfarlane GJ: Fatigue: a principal  
 contributor to impaired quality of life in ANCA-associated vasculitis. Rheumatology (Oxford) 2010, 49:1383-1390.

8.  Richter JG, Becker A, Specker C, Schneider M: Hypogonadism in Wegener’s granulomatosis. Scand J Rheumatol  
 2008, 37:365-369.

9.  Watts R, Lane S, Hanslik T, Hauser T, Hellmich B, Koldingsnes W, Mahr A, Segelmark M, Cohen-Tervaert JW, Scott  
 D: Development and validation of a consensus methodology for the classification of the ANCA-associated vascu- 
 litides and polyarteritis nodosa for epidemiological studies. Ann Rheum Dis 2007, 66:222-227.

10.  Luqmani RA, Bacon PA, Moots RJ, Janssen BA, Pall A, Emery P, Savage C, Adu D: Birmingham Vasculitis Activity  
 Score (BVAS) in systemic necrotizing vasculitis. QJM 1994, 87:671-678.

11.  Exley AR, Bacon PA, Luqmani RA, Kitas GD, Gordon C, Savage CO, Adu D: Development and initial validation of  
 the Vasculitis Damage Index for the standardized clinical assessment of damage in the systemic vasculitides.  
 Arthritis Rheum 1997, 40:371-380.

12.  VanderZee KI, Sanderman R, Heyink JW, de Haes H: Psychometric qualities of the RAND 36-Item Health Survey  
 1.0: a multidimensional measure of general health status. Int J Behav Med 1996, 3:104-122.

13.  Ware JE, Koskinski M, Keller S: SF-36 Physical and Mental Health Summary Scales: A User’s Manual. 2 edition.  
 Boston, MA: The Health Institute; 1994.

14.  Smets EM, Garssen B, Bonke B, De Haes JC: The Multidimensional Fatigue Inventory (MFI) psychometric qualities  
 of an instrument to assess fatigue. J Psychosom Res 1995, 39:315-325.

15.  Smets EM, Visser MR, Willems-Groot AF, Garssen B, Schuster-Uitterhoeve AL, de Haes JC: Fatigue and radiotherapy 
 (B) experience in patients 9 months following treatment. Br J Cancer 1998, 78:907-912.

16.  Cockcroft DW, Gault MH: Prediction of creatinine clearance from serum creatinine. Nephron 1976, 16:31-1641. 

17.  Pratt JJ, Wiegman T, Lappohn-a RE, Woldring MG: Estimation of plasma testosterone without extraction and  
 chromatography. Clin Chim Acta 1975, 59:337-346.

18.  Vermeulen A, Verdonck L, Kaufman JM: A critical evaluation of simple methods for the estimation of free testos- 
 terone in serum. J Clin Endocrinol Metab 1999, 84:3666-3672.



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

65

Androgen Deficiency in Male Patients with ANCA-associated Vasculitis 

4

19.  Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder PJ, Swerdloff RS, Montori VM, Task Force Endocrine  
 Society: Testosterone therapy in men with androgen deficiency syndromes: an Endocrine Society clinical practice  
 guideline. J Clin Endocrinol Metab 2010, 95:2536-2559.

20.  Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR, Baltimore Longitudinal Study of Aging: Longitudinal  
 effects of aging on serum total and free testosterone levels in healthy men. Baltimore Longitudinal Study of Aging.  
 J Clin Endocrinol Metab 2001, 86:724-731.

21.  Wu FC, Tajar A, Pye SR, Silman AJ, Finn JD, O’Neill TW, Bartfai G, Casanueva F, Forti G, Giwercman A, Huhtaniemi IT,  
 Kula K, Punab M, Boonen S, Vanderschueren D, European Male Aging Study Group: Hypothalamic-pituitary- 
 testicular axis disruptions in older men are differentially linked to age and modifiable risk factors: the European Male  
 Aging Study. J Clin Endocrinol Metab 2008, 93:2737-2745.

22.  Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB, Coviello AD, Bremner WJ, McKinlay JB: Age trends in  
 the level of serum testosterone and other hormones in middle-aged men: longitudinal results from the  
 Massachusetts male aging study. J Clin Endocrinol Metab 2002, 87:589-598.

23.  Schaison G, Durand F, Mowszowicz I: Effect of glucocorticoids on plasma testosterone in men. Acta Endocrinol  
 (Copenh) 1978, 89:126-131. 

24.  Reid IR, Ibbertson HK, France JT, Pybus J: Plasma testosterone concentrations in asthmatic men treated with  
 glucocorticoids. Br Med J (Clin Res Ed) 1985, 291:574.

25.  MacAdams MR, White RH, Chipps BE: Reduction of serum testosterone levels during chronic glucocorticoid  
 therapy. Ann Intern Med 1986, 104:648-651.

26.  Kamischke A, Kemper DE, Castel MA, Luthke M, Rolf C, Behre HM, Magnussen H, Nieschlag E: Testosterone levels  
 in men with chronic obstructive pulmonary disease with or without glucocorticoid therapy. Eur Respir J 1998,  
 11:41-45.

27.  Gordon D, Beastall GH, Thomson JA, Sturrock RD: Prolonged hypogonadism in male patients with rheumatoid  
 arthritis during flares in disease activity. Br J Rheumatol 1988, 27:440-444.

28.  Tengstrand B, Carlstrom K, Hafstrom I: Gonadal hormones in men with rheumatoid arthritis–from onset through  
 2 years. J Rheumatol 2009, 36:887-892.

29.  Spector TD, Ollier W, Perry LA, Silman AJ, Thompson PW, Edwards A: Free and serum testosterone levels in 276  
 males: a comparative study of rheumatoid arthritis, ankylosing spondylitis and healthy controls. Clin Rheumatol  
 1989, 8:37-41.

30.  McMurray RW, May W: Sex hormones and systemic lupus erythematosus: review and meta-analysis. Arthritis  
 Rheum 2003, 48:2100-2110.

31.  Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, O’Neill TW, Bartfai G, Casanueva FF, Forti G, Giwercman A,  
 Han TS, Kula K, Lean ME, Pendleton N, Punab M, Boonen S, Vanderschueren D, Labrie F, Huhtaniemi IT, EMAS  
 Group: Identification of late-onset hypogonadism in middle-aged and elderly men. N Engl J Med 2010, 363:123- 
 135. 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

66

Chapter 4

Additional material

Scores of all patients and references have been compared and scores of patients with androgen 
deficiency and normal androgen levels have been compared. Scores of patients with androgen 
deficiency and patients with normal androgen levels have also been compared to the reference 
population in which a significant difference is demonstrated by the following superscripts; † 
significantly worse than reference population (p <0.05); ‡ significantly worse than reference 
population (p<0.010); ¶ significantly worse than reference population (p<0.001). 

Additional file 1: Table S1. Scores of the RAND-36 and MFI-20 questionnaires.

       
 Mean (SD) Mean (SD) p Mean (SD) Mean (SD) p
RAND-36      
 General health 43.0 (21.1) 72.7 (22.7) <0.001 48.1 (21.2) ¶ 37.2 (19.8)¶ 0.030
 perception   
 Physical functioning 67.3 (26.3) 81.9 (23.2) <0.001 76.5 (22.6) 57.1 (26.5)¶ 0.002
 Social functioning 71.9 (23.3) 86.9 (20.5) <0.001 77.0 (22.9)† 66.2 (22.7)¶ 0.052
 Role limitations
 physical problems 50.7 (44.4) 79.4 (35.5) <0.001 59.5 (44.6)† 40.9 (42.8)¶ 0.081
 Role limitations 
 emotional problems 71.2 (39.7) 84.1 (32.3) 0.008 74.3 (36.1) 67.7 (43.7)† 0.489
 Pain 71.0 (26.5) 79.5 (25.6) 0.009 74.1 (27.3) 67.4 (25.4)† 0.294
 Vitality 55.1 (20.2) 67.4 (19.9) <0.001 58.2 (22.7)† 51.7 (16.6)¶ 0.176
 Mental health 75.0 (15.8) 76.8 (18.4) 0.351 76.8 (15.1) 73.1 (16.6) 0.336
 PCS 41.4 (11.4) 50 (10) <0.001 44.7 (11.1) 37.8 (10.9) 0.012
 MCS 47.8 (9.5) 50 (10) 0.055 48.3 (9.0) 47.2 (10.2) 0.650
MFI-20      
 General fatigue 11.93 (4.8) 9.91 (5.2) 0.001 11.0 (5.2) 13.0 (4.3) ¶ 0.081
 Physical fatigue 11.81 (4.6) 8.79 (4.9) <0.001 10.8 (4.9)† 12.9 (4.1) ¶ 0.062
 Reduced activity 10.69 (4.6) 8.69 (4.6) 0.001 9.1 (4.2) 12.5 (4.6) ¶ 0.002
 Reduced motivation 8.93 (3.9) 8.23 (4.0) 0.141 8.1 (3.3) 9.8 (4.4)† 0.064
 Mental fatigue 8.77 (4.5) 8.33 (4.8) 0.414 8.9 (4.9) 8.7 (4.0) 0.855

All patients 
(n= 70)

Reference Normal 
androgen 
level (n= 37)

Androgen
deficiency 
(n= 33)
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Abstract
Glucocorticoids have been a mainstay in the treatment of ANCA-associated vasculitis (AAV) and 
other rheumatologic diseases for many years. However, the optimal duration and dosage of therapy 
have not been established. Research is on the way to add to the body of knowledge regarding 
these aspects. Even less is known about the optimal regimen to withdraw glucocorticoids. Clinical 
experience shows that a considerable number of patients do not tolerate tapering well and a part of 
patients included in trials with a zero glucocorticoid target fail to reach this end-point, and therefore 
remain glucocorticoid dependent. Whether this is due to ongoing disease activity, failure to achieve 
adequate adrenal function after suppressive doses of glucocorticoids or other reasons remains 
unanswered. In spite of this, tapering regimes are not high on the research agenda. 
Many questions therefore remain: what is the reason for differences in tapering? Might secondary 
adrenal insufficiency explain difficulties in tapering? What is the role of glucocorticoid sensitivity?  
We aimed in this viewpoint to add new insights and developments which are relevant to the 
discussion on optimal glucocorticoid therapy, focussing on glucocorticoid tapering and with a 
critical view on glucocorticoid sensitivity. 
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Glucocorticoids in AAV
Glucocorticoids play a central role in the treatment of ANCA-associated vasculitides (AAV) as in many 
inflammatory or auto-immune diseases. AAV were almost invariably fatal before the introduction of 
glucocorticoids in the fifties. Their introduction increased survival up to 34% at one year [1]. Survival 
further improved after the addition of cyclophosphamide to a current 5-year survival rate of 78% 
to 83% [2, 3]. Standard therapy in AAV include high dose glucocorticoids as part of the induction 
treatment besides cyclophosphamide, or even new therapies like rituximab. Despite its importance, 
optimal duration and dosage are still unknown and treatment protocols vary widely. In clinical trials 
tapering regimes vary from 6- 27 months as shown in the overview of Walsh and colleagues [4]. 
Clearly no international consensus exists to date.   
In rheumatoid arthritis (RA) it is stated that long-term low-dose glucocorticoids (< 5mg/day) 
is beneficial on outcomes in RA [5]. It has shown to retard the progression of joint damage and 
increase remission rates in RA [6]. In addition, it is postulated that low-dose glucocorticoid therapy 
has an acceptable low level of harm. However, AAV have a different aetiology and a beneficial 
effect of glucocorticoid treatment duration and intensity on relapse rate has not yet been proven 
in prospective trials. Only one meta-analysis suggested a beneficial effect on relapse rate with 
prolonged low-dose glucocorticoid treatment [4]. In contrast, one retrospective study and one 
randomized controlled trial showed no beneficial effect on relapse rate, but prolonged glucocorticoid 
therapy was accompanied by more adverse events and a greater incidence of infections [7, 8].  
Side-effects and potential permanent damage limit the therapeutic benefits of glucocorticoids. 
Metabolic complications, cardiovascular disease and infections are a major concern not only during 
but also after glucocorticoid therapy for AAV. Deaths within the first year of AAV are primarily from 
infections (48%) and not the result of active vasculitis (19%). After the first year, cardiovascular 
disease (26%), malignancies (22%) and infections (20%) are the primary causes of death [2]. 
Besides mortality, AAV carry a high burden of morbidity. Hypertension (42%), osteoporosis (14%), 
malignancies (13%) and diabetes mellitus (10%) were the most prevalent treatment-related forms 
of damage at long-term follow-up after six EUVAS RCTs [9]. This is in line with the findings of the 
WGET study, in which hypertension, diabetes mellitus, significant muscle atrophy or weakness, 
osteoporosis or vertebral collapse and cataract were all reported in 5-10% of patients after a 
median follow-up of two years [10]. Glucocorticoids may have played an important role in the 
development of these forms of damage and may have contributed to susceptibility to infections. 
Subgroup analysis of the EUVAS trials revealed that increased cumulative glucocorticoid use was 
independently associated with higher levels of damage and having cataract and hypertension. 
Patients with longer duration of glucocorticoid treatment were more likely to have severe damage 
as defined by a Vasculitis Damage Index (VDI) of 5 or more, which has been associated with a six-fold 
increase in mortality [11, 12]. It should be acknowledged that with adjustment for disease severity 
and relapse rate confounding through more severe or more frequent disease activity on damage 
may still be present in this study. Still, the nature of reported damage strongly advocates a role for 
glucocorticoids therein. 
Thus, the benefits of treatment should be weighed against the potentially adverse events and risk of 
irreversible damage. To prevent (progression of) damage tapering and withdrawal of glucocorticoids 
should be strived for in the majority of AAV patients.

Tapering of Glucocorticoids in ANCA-Associated Vasculitis 
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Tapering of glucocorticoids
It is widely recognized that the optimal duration of therapy is unknown. As a result, new trials 
are underway to examine therapy duration with optimal disease control and the least possible 
side-effects (clinicaltrials.gov TAPIR NCT01933724; PEXIVAS NCT00987389) [13, 14]. In addition, 
glucocorticoid-sparing therapies like C5a receptor inhibitors are being studied to completely replace 
or reduce the doses of glucocorticoids needed (clinicaltrials.gov NCT01363388) [15]. However, less 
attention has been paid to the tapering itself, while this deserves more attention in order to reduce 
treatment toxicity.      
In literature, problems during tapering are not systematically reported. However, a considerable part 
of patients do not discontinue glucocorticoids within the time frame of several studies or guidelines 
[7, 16]. A little less than 10% was not able to discontinue glucocorticoids within 6 months in the 
RAVE trial while in another study almost half of the patients did not discontinue glucocorticoids 
within 6 months according to their local protocol [7, 17]. It is striking that 25% of patients included 
in the CYCLOPS study still received glucocorticoids 4 years after study entry [18]. Similarly, subgroup 
analyses on the EUVAS trials showed that 21% of patients used prednisolone 3 to 4.5 years and 
28% of patients used prednisolone for the duration of 5 years [11]. These observations make it 
evident that for whatever reason, many physicians and patients will fail to adhere to the  treatment 
protocols. 
In general, the initial glucocorticoid dose during induction treatment will be around 1 mg/kg/day 
prednisolone. Patients with severe disease may start with methylprednisolone 1000 mg for three 
consecutive days and switch to oral glucocorticoids thereafter. Tapering is usually initiated 2-6 weeks 
after initiation of therapy and normally a daily dose of 10 mg is reached within 4-5 months. After this 
point, great protocol variation is observed international. Our local protocol leads to glucocorticoid 
discontinuation within 7 months. Currently, we conduct a study to monitor recovery of HPA axis 
function during tapering from 10 mg to complete withdrawal (Dutch Trial Register NTR4966). During 
tapering the patients with AAV is observed for signs and symptoms of disease reactivation and dose 
reduction may be postponed or glucocorticoid dose may be increased. Further tapering after a long 
period on glucocorticoids should be performed carefully in order to prevent reactivation of disease 
on the one hand and prevent adrenal insufficiency to occur on the other.
At a certain point during tapering the ‘physiological glucocorticoid dose’ will be reached. At this 
point, especially after a long period on exogenous glucocorticoid (relative) adrenal insufficiency may 
occur due to a hypo-functional HPA axis. However, the dose which can be considered physiological 
is highly controversial. Some studies suggest that 7.5 mg of prednisolone and the bio-equivalent 
of 30 mg of hydrocortisone are physiological. This is based on cortisol production rate estimates in 
healthy individuals and in primary adrenal insufficiency this is thought to substitute the daily need 
[19]. Within patients with functional HPA axis a dose of 7.5 mg is not likely to result in full suppression 
of the endogenous cortisol production and the fusing of (partially) suppressed endogenous cortisol 
with the exogenous glucocorticoids cannot be considered physiological. To what extent exogenous 
glucocorticoids exert a suppressive effect on the HPA axis is difficult to predict. Some studies have 
shown that even low-dose glucocorticoids (<5mg/day) for a short period of time can result in 
impaired adrenal function [20]. HPA axis function varies widely when doses 5- 7.5 mg and higher 
are discontinued [21, 22]. These findings are supported by a meta-analysis and a recently published 
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systematic review, both showing a high incidence of adrenal insufficiency after glucocorticoid 
therapy but no dosing, no therapy duration or route of administration could be identified for which 
the occurrence of adrenal insufficiency could be safely excluded [23, 24]. Therefore, the occurrence 
of adrenal insufficiency cannot be predicted reliable based on these factors. 
Further considerations while tapering are age and ethnicity. Clearance of glucocorticoids declines 
with ageing and Afro-Americans were shown to have slower glucocorticoid clearance and an 
increased frequency of adverse effects [25, 26].
Lastly, the circadian rhythm of the HPA axis should be considered while tapering. Synthetic 
glucocorticoids do not mimic the circadian rhythm of the HPA axis with high cortisol levels early in 
the morning and a low level during the evening and early night. In this view alternate-day dosing have 
been suggested to be beneficial, though clear evidence for this is lacking. Long-term suppression of 
the HPA axis may be the consequence of disruption of the circadian rhythm especially when bed-
time doses of glucocorticoids are used [27]. 
It should be noted that glucocorticoids are involved in numerous processes and the effects of 
glucocorticoids are not restricted to the HPA axis necessarily. Other hormonal axes and systems 
such as the gonadal axis and proopiomelanocortin (POMC) derived peptides like β-endorphin are 
known to be affected [28, 29]. β-endorphin plays a role in pain mediation and mood[30]. Studies 
have shown that glucocorticoid administration suppresses β-endorphin production and increases 
pain perception in humans[28, 31]. To our knowledge, the effect of long-term suppression and 
subsequent tapering of glucocorticoids on pain mediation and mood via β-endorphin have not been 
investigated. It is interesting to speculate whether low levels of β-endorphin may play a role in pain 
and symptom perception during tapering after high-dose long-term glucocorticoid therapy. 
It is also suggested by Hochberg and colleagues that a general withdrawal syndrome could 
account for some of the complaints experienced during glucocorticoid therapy [32]. Complex 
interactions between the HPA axis, the amygdala and the dopaminergic and noradrenergic system 
was hypothesized to be the underlying mechanism. According to this hypothesis, symptoms 
during tapering may be due to dysregulation of the central nervous system or due to inadequate 
glucocorticoid levels for other endocrine organs to function, though hard evidence is lacking.
In our experience, tapering of glucocorticoids can be challenging. A substantial number of patients 
report complaints while tapering, especially at lower doses of glucocorticoids (~2.5- 7.5 mg/day) or 
early after withdrawal. There appears to be a high inter-individual variation with respect to tapering, 
whereas some patients tolerate tapering well, others do not. The majority of these complaints 
are non-specific, like arthralgias, myalgias, malaise and fatigue, and difficult to distinguish from 
AAV disease activity. Most of these complaints promptly resolve after increasing the dose of 
glucocorticoids. This gives rise to the hypothesis that some patients may have developed a chronic 
central adrenal insufficiency, but with glucocorticoid levels that are high enough to prevent an 
adrenal crisis. Similar complaints after tapering in concordance with subnormal adrenal tests have 
already have been described by Graber in 1965 [33].   
The high inter-individual variation with respect to glucocorticoid tapering has not yet been 
elucidated. As described above, neither dosing, nor duration can fully predict the extent of HPA axis 
suppression. As already suggested by Livanou in the Lancet in 1967, a factor of individual sensitivity 
to suppression by corticosteroids appears to be involved [21]. This is supported by the study of 
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Neidert who showed that cortisol levels after a dexamethasone suppression test were predictive 
for the development of adrenal insufficiency 7 days after discontinuation of a two-week course of 
high-dose prednisolone therapy [34]. This suggests that glucocorticoid sensitive individuals have a 
higher susceptibility for adrenal insufficiency. It will not come as a surprise that this glucocorticoid 
sensitivity not only affects tapering, but all aspects of glucocorticoid therapy, including the 
development of side effects and therapy success. 

Glucocorticoid sensitivity
Research on glucocorticoid sensitivity is a rapidly growing field. The complexity of glucocorticoid 
regulation is impressive, partly due to the involvement of glucocorticoids in a myriad of metabolic and 
immune-modulatory processes. Due to their involvement in numerous mechanisms, small variations 
at different levels of regulation might eventually result in larger effects in the end. Glucocorticoid 
sensitivity has been extensively discussed by Quax et al and more recently by Ramamoorthyand and 
Cidlowski [35, 36]. Here, we briefly outline some important levels of glucocorticoid regulation giving 
rise to varying glucocorticoid sensitivity.
Glucocorticoid availability is regulated by cortisol binding globulin (CBG) and albumin. Approximately 
ninety per cent of endogenous cortisol is bound by CBG and albumin leaving 10% as free and 
therefore biologically active [37]. The affinity of synthetic glucocorticoid to CBG varies. Prednisolone 
competes with cortisol for binding sites of the CBG, while dexamethasone does not bind to CBG at 
all [38]. It is now evident that tissue levels of free cortisol are buffered by two responsive plasma 
pools, intact CBG with a high binding-affinity and, particularly in inflammation and sepsis, a further 
pool of cleaved-CBG with a ten-fold lower affinity. Another insight, is that the proteolytic cleavage 
of CBG in inflammation results in a partial loss of cortisol binding, (thus offering a targeted release 
of cortisol at the right place [39]. 
Glucocorticoids are lipophilic and enter the cells through passive diffusion. Subsequent binding of 
glucocorticoids to the intracellular glucocorticoid receptor (GR) is partly direct and partly regulated 
by the enzymes 11β hydroxysteroid dehydrogenase (11β-HSD) type 1 and 2 [40]. 11β-HSD1 mainly 
metabolizes inactive cortisone to bioactive cortisol [41]. 11β-HSD 2 can only convert cortisol to 
cortisone [42]. They exert counterbalancing actions and over- or underexpression of one of the 
two will affect glucocorticoid availability to the receptor. For example, overexpression of 11β-HSD1 
in adipose tissue of mice is associated with insulin resistant diabetes and hyperlipidemia [43]. The 
importance of 11β-HSD1 is underlined by a clinical observation of a patient with pituitary-dependent 
Cushing’s disease that did not develop the phenotypically characteristics. A defect in the function of 
11β-HSD1 was found to be the underlying cause for the absence of symptoms [44]. This observation 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

77

5

Tapering of Glucocorticoids in ANCA-Associated Vasculitis 

Figure 1. Glucocorticoid regulation and the hypothesized relation between glucocorticoid sensitivity and outcome. 
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was reproduced in 11β-HSD1 knock-out mice, whom were protected against the phenotypical and 
metabolic side effects of excess glucocorticoids [45]. This suggests that the direct activation of the 
glucocorticoid receptor by cortisol might be subordinate to metabolization of inactive cortisone or 
prednisone by 11β-HSD1. Polymorphisms of the gene encoding for the 11β-HSD1 and 2 enzymes 
may contribute to differences in cortisol regulation and have been shown to be associated with 
for example essential hypertension, bone mineral density, and cognitive function [46-48]. Tissue-
specific up and down regulation of 11β HSD 1 and 2 further influences glucocorticoid bioavailability 
and enables tissue-specific glucocorticoid availability. 
The glucocorticoid receptor adds to the complexity of glucocorticoid regulation. Studies suggest 
that that the number and affinity of available binding sites for glucocorticoids to the GR vary within 
the healthy population [49]. Alternative splicing of the gene coding for the glucocorticoid receptor 
leads to multiple GR isoforms which have independently been associated with several diseases and 
glucocorticoid resistance [50]. Additional alternative translation to translational isoforms give rise 
to more heterogeneity. These translational isoforms are thought to regulate distinct sets of genes.    
Lastly, glucocorticoid receptor polymorphisms result in increasing or decreasing glucocorticoid 
sensitivity in individuals [51]. This has been shown in multiple clinical studies to result in clinically 
relevant effects on body mass index, bone mineral density, fasting insulin levels and muscle mass, 
strength and duration of adrenal insufficiency within patients with various diseases and the healthy 
population [36, 52]. An overview of the hypothesized relation between glucocorticoid sensitivity 
and outcome is shown in Figure 1. 

Conclusion
The optimization of glucocorticoid treatment for the treatment of AAV receives increasing attention. 
Current evidence points to an important influence of glucocorticoids in the development of 
morbidity after the diagnosis of AAV. On the contrary, evidence that supports favourable outcome 
with long-term glucocorticoid treatment is lacking, or at best scarce. In that view we would state 
that complete glucocorticoid withdrawal should be aimed for within 6 to 12 months after therapy 
initiation. 
Within this growing research field, much is still unknown, especially about tapering and withdrawal. 
A high inter-patient variation is observed with respect to tapering and complaints are frequently 
reported. We hypothesize that to a great extent the HPA axis is involved in the problems encountered 
during tapering of which the role of glucocorticoid sensitivity (a broad term which includes 
pharmacokinetics, chronotherapy, enzyme activity, and gene polymorphism) appears important. 
This offers opportunities to individualize treatment in the future. Patient-tailored therapy which 
considers glucocorticoid sensitivity could be physiological more sound and might show better 
outcome in terms of efficacy, occurrence of side-effects, damage and the development of secondary 
adrenal insufficiency.
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Abstract

Background. 
Glucocorticoids are the mainstay in the treatment of ANCA-associated vasculitides. High-
dose glucocorticoids are administered to control disease activity. These supra-physiological 
glucocorticoid doses suppress the endogenous cortisol production and disrupt the circadian rhythm 
of the hypothalamic-pituitary-adrenal (HPA) axis. After induction of remission, a tapering protocol is 
required to prevent damage secondary to glucocorticoid use and to prevent adrenal insufficiency to 
occur. There is a high inter-patient variation with respect to tapering and many patients experience 
complaints suggestive for adrenal insufficiency. No longitudinal studies have investigated the effect 
of tapering on the recovery of the circadian rhythm of the HPA axis and the relation with complaints 
compatible with chronic central adrenal insufficiency.

Study design. 
This study is a prospective, longitudinal observational pilot study. 
Participants. Fifteen patients with a first diagnosis of granulomatosis with polyangiitis and microscopic 
polyangiitis or a relapse of these diseases on a standard glucocorticoid tapering protocol during 
induction therapy will be enrolled. Patients should not be exposed to glucocorticoids for more than 
4 consecutive weeks 6 months prior to diagnosis (of a relapse). For each patient a healthy age and 
sex-matched control will be included. 
Outcomes. The primary study outcome is change in peak cortisol levels at acrophase at 10 mg of 
prednisolone and after complete withdrawal. Secondary outcomes include: assessments of cortisol 
ratios or indices of cortisol production at different sampling time points as prognostic markers for 
impaired recovery of the HPA axis or adrenal insufficiency and the effect of the tapering on somatic 
and mood complaints, melatonin rhythm, dopaminergic and serotonergic and immunological 
variations, quality of life, fatigue and sleep quality.
Measurements. On six different prednisolone doses participants will collect saliva approximately 
every one or two hour during a 24-hour period. The 24-hour sampling will take place at prednisolone 
dosages of 10 mg, 7,5 mg, 5 mg, 2,5 mg and 4 weeks and 12 weeks after complete withdrawal. 
In addition, subjects will collect 24-hour urine during these 24-hour periods. Blood samples will 
be drawn at the following visits to the outpatient clinic. Somatic complaints, anxiety, depression, 
quality of life, fatigue and sleep will be assessed by questionnaires at the outpatient clinic. At the 
last visit a conventional ACTH stimulation test will be performed to test adrenal function. 
Analysis. Collected samples will be analyzed with liquid chromatography mass-spectrometry (LCMS-
MS). Results will be analyzed with appropriate statistical software. 

Conclusion. 
Individual variation in HPA axis recovery might be observed early during tapering. Monitoring 
recovery by saliva sampling might enable us with a tool to predict recovery of the HPA axis, 
individualize tapering and improving both safety and efficacy of glucocorticoid treatment.   

Clinical trial register. NTR4966 (Dutch Trial Register). 
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Introduction
ANCA-associated vasculitides (AAV) are a group of chronic auto-immune diseases which cause 
inflammation of the small-to-medium-sized blood vessels [53]. Until the 1960’s no effective 
treatment was available and patients were faced with dismal prognosis with survival of only several 
months. Survival improved with the use of glucocorticoids, but only 34% survived beyond the first 
year [1]. The introduction of oral cyclophosphamide in the 1960’s led to a substantial improvement 
in patient survival [54]. Glucocorticoids are still valued in the treatment of AAV and the combination 
of cyclophosphamide with glucocorticoids has been the cornerstone of therapy for generalized 
disease since. Minor relapses of AAV can be treated with glucocorticoids alone. With these 
treatment options the five-year survival rate is 75% to 83% nowadays [3, 55]. 
The use of glucocorticoids is limited by their acute and long-term side effects. Metabolic 
complications, cardiovascular disease and infections frequently develop during and after therapy 
and are accountable for a high rate of comorbidities in AAV patients [9-11]. Glucocorticoids are 
therefore tapered and withdrawn after remission is attained. 
After treatment with high-dose glucocorticoids a tapering protocol is required to prevent reactivation 
of disease and to prevent adrenal insufficiency to occur. Since there is a paucity of evidence that 
supports a particular glucocorticoid tapering protocol, different protocols are used world-wide [4, 
7]. Notable, a substantial part of patients do not discontinue glucocorticoids within the time frame 
of study protocols or guidelines. A large subgroup analysis of several trials initiated by the European 
Vasculitis Study group (EUVAS) showed that 21% of patients continued prednisolone for 3 to 4.5 
years and 28% of patients used prednisolone for a duration of 5 years. For whatever reason, many 
physicians and patients fail to adhere to the treatment protocol and discontinue glucocorticoids. 
In our experience tapering of glucocorticoids can be challenging. A high inter-individual variation with 
respect to tapering is observed, some tolerate tapering well, whereas others do not. A substantial 
number of patients report non-specific complaints like myalgias, arthralgias and fatigue during 
tapering or early after withdrawal. Most of the complaints promptly resolve after increasing the 
glucocorticoid dose. This gives rise to the hypothesis that a central adrenal insufficiency secondary 
to glucocorticoids might have developed. In 1965, Graber and colleagues already observed similar 
complaints in combination with subnormal adrenal tests [33]. Of note, these symptoms are difficult 
to distinguish from disease activity and this might (falsely) be the motivation for both the physician 
as well as the patient to not further reduce the glucocorticoid dose.
The hypothalamic-pituitary-adrenal (HPA) axis is a complex feedback mechanism and influenced by 
many biological and psychological factors. Genetics, inflammation, drugs, psychological stress and 
also the dopaminergic system are thought to influence the HPA axis [32, 56]. The HPA axis shows 
a circadian rhythm with peak cortisol levels early in the morning [57]. Exogenous glucocorticoids 
suppress HPA axis function and the endogenous production of cortisol. Suppression of cortisol 
production can occur even at doses considered to be physiological and can last for an uncertain 
period of time [23, 24, 58-60]. Low dose glucocorticoid treatment does not exclude the presence 
of adrenal insufficiency [23, 24].
Whether AAV patients experience a delayed recovery of the HPA axis and whether this is related to 
the observed complaints remains unclear. To prospectively study recovery of the HPA axis during 
tapering of glucocorticoids in the treatment of AAV, we designed a longitudinal observational study. 
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Circadian recovery of the HPA axis will be monitored through saliva sampling at various time points 
and at various doses during tapering. Recovery after discontinuation will be assessed by ACTH 
stimulation test. Complaints and symptoms will be monitored by questionnaires, laboratory and 
urine assessments, including assessments of multiple endocrine axes. Individual variation in HPA 
axis recovery might be observed early during tapering. Monitoring recovery by saliva sampling will 
enable us with a tool to predict recovery of the HPA axis, individualize tapering and improving both 
safety and efficacy of glucocorticoid treatment.   

Study protocol

Study setting & approval 
This study prospective, longitudinal, observational study will be performed in the University Medical 
Centre Groningen at the departments of Nephrology and Rheumatology. The study is approved 
by the Institutional Review Board (IRB) (METc2014/247) and registered in the Dutch Trial register 
(identifier: NTR 4966). This study will be conducted in accordance with the principles of Helsinki 
(Brazil, version October 2013) and in accordance with the Medical Research Involving Human 
Subjects Act (WMO) in the Netherlands. 

Participants
Patients with a new diagnosis or a relapse of granulomatosis with polyangiitis or microscopic 
polyangiitis diagnosed based on the Chapel Hill Consensus nomenclature, receiving standard 
induction treatment with cyclophosphamide or rituximab both in combination with glucocorticoid 
treatment will be enrolled. For each patient a healthy age- and sex-matched control will be enrolled. 
In order to be eligible to participate in this study, a patient or healthy control must meet all of 
the listed inclusion criteria presented in table 1. A patient or healthy control meeting any of the 
exclusion criteria listed in table 1 will be excluded. 

Study design 
Individuals meeting the inclusion criteria will collect 24-hour urine and saliva samples at 11 different 
time points during a 24-hour period during tapering of prednisolone starting at 10 mg. Subsequent 
sampling will take place at 7,5 mg, 5 mg, 2,5 mg and four and twelve weeks after complete 
withdrawal (figure 1). The following day after saliva and urine collection, participants will visit the 
outpatient clinic. Here early morning fasting blood samples will be drawn, 24-hour urine and saliva 
collection will be handed in and blood pressure, waist-to-hip ratio (WHR) and weight and length will 
be measured. Participants will complete a short set of questionnaires. 
Fifteen healthy age- and sex-matched controls will collect urine and saliva at 11 different time points 
during one 24-hour period. They will not undergo invasive procedures, e.g. venipuncture. General 
health information will be collected by a questionnaire. 
The planned recruitment period is 24 months. A summary of all study procedures is shown in table 
2.  
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Table 1. Eligibility criteria CURVE study. 

Patients with GPA or MPA
 Newly diagnosed or relapsing GPA or MPA receiving standard GC induction protocol

Healthy control
 Age and sex-matched control (max. age difference 5 years)

Both
 Providing written informed consent

Inclusion criteria

Exclusion criteria

Patients with GPA or MPA
 Use of >7,5 mg of GC for >4 consecutive weeks <6 months prior to study entry

Healthy control
 GC use of any dose, incl. oral, inhaled or nasal administration <6 months prior to study entry

Both 
 Age <18 years
 Premenopausal women 
 Postmenopausal women using oral contraceptives or estrogen replacement therapy  
 A history of endogenous hypocortisolism or hypercortisolism prior to study entry
 Work in shifts or documented severely disturbed sleep pattern 
 Not able to perform saliva sampling 
 Traveling through time zones (>2h difference) <1 month prior to study entry
 Use of melatonin <6 months prior to study entry
 Documented depression
 Significant medical condition (e.g. hepatic, respiratory, cardiovascular or gastrointestinal) which, in  
 the opinion of the investigator, may interfere with the interpretation of results
 Stressful situation (i.e., death of a relative), which in the opinion of the investigator, may interfere with  
 the interpretation of results

Abbreviations: GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; GC: glucocorticoids

Figure 1. Study design. 

Abbreviations: mg: milligram; Scr.: screening; T: time point
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Table 2. Overview of study procedures. 

Visit T -1 T0 T1 T2 T3 T4 T5

Weeks of study  2 4 6 8 12 20

GC dose (mg) 15-20 10 7,5  5 2,5 0 0

Start sampling on day x  Scr. at  Day 13 +/- Day 13 +/- Day 13 +/- Day 13 +/- Day 27 +/- Day 81 +/-
 15- 20 mg 1 on 10 mg 1 on 7,5 mg 1 on 5 mg 1 on 2,5 mg 1 on 0 mg 2 on 0 mg

Visit outpatient clinic  X  1 (+ max 2)  1 (+ max 2) 1 (+ max 2) 1 (+ max 2) 1 (+ max 2) 1 (+ max 2)
day x after saliva 
sampling

Check inclusion and  X
exclusion criteria 

Receive informed  X
consent forms 

Study instructions X       

Demographics  X     

Medical history  X      

VDI  X     X  X

BVAS  X    X  X  X 

Concomitant medication  X  X  X  X  X  X 

Record Adverse Events  X  X  X  X  X  X 

Saliva samples  X X X X X X

Blood samples  X  X   X  X  X   X 

24-hour urine collection  X  X    X  X  X  X 

Physical exam  X  X    X  X  X  X 

Questionnaires*  X X  X X  X X

ACTH stimulation test       X

*Questionnaires: somatic complaints (VAS); anxiety and depression (PHQ-9; GAD-7); fatigue (CIS-20); health-related quality 
of life (RAND-36); sleep quality (PSQI; GSQS). 

 
Saliva sampling 
Saliva cortisol measurements are highly correlated with serum cortisol levels[61, 62]. Salivary cortisol 
measurement has the advantages that it reflects the plasma free cortisol, which is considered 
biologically active[62].  Saliva samples will be collected using the Salivette®. Participants will collect 
samples during a 24-hour period at the 11 time points: after awakening (before 08.00 a.m.); 08.00 
a.m.; 09.00 a.m.; 10.00 a.m.; 12 p.m.; 02.00 p.m.; 04.00 p.m.; 07.00 p.m.; 22.00 p.m.; 03.00 a.m.; 
after awakening; before blood withdrawal at the outpatient clinic at 08.00 a.m. The prednisolone 
dose is taken immediately after the 09.00 h sampling.

Laboratory measurements
Samples are stored at -80°C and analyses will be performed after completion of the study, except 
for plasma adrenocorticotropic hormone (ATCH), which will be analyzed immediately with 
luminescence-immunoassay.  All stored samples will be analyzed in one run to minimize inter-assay 
variation. Cortisol and melatonin in saliva and urine will be analyzed with liquid chromatography 
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mass-spectrometry (LCMS-MS). This method can differentiate between endogenous cortisol 
production and exogenous glucocorticoid administration. A steroid profile, catecholamines such as 
dopamine and  tryptophan and its metabolites including kynurenine will be measured in 24-hour 
urine. Blood measurements include serum cortisol, ACTH, corticosteroid-binding globulin (CBG), 
Hemoglobin A1C (HbA1C), fasting glucose, C-reactive protein (CRP) and a full blood count. At three 
time points T cell and B cell subsets distribution will be measured. 

Questionnaires
Somatic complaints and symptoms will be assessed by a questionnaire derived from the PHQ-
15. Depression and anxiety will be assessed by validated questionnaires, the PHQ-9 and GAD-7 
respectively. Health-related quality of life will be assessed by the RAND-36 version 2. Fatigue will be 
assessed by the Checklist Individual Strength. Quality of sleep will be assessed by two questionnaires 
the extensively validated Pittsburgh Sleep Quality Index and the Groningen Sleep Quality Scale. 

Physical examination
Patients will undergo a short physical examination at the outpatient clinic. Physical examination 
includes measurement of length (only at T0), weight, WHR  and blood pressure. Blood pressure will 
be measured twice in supine position.  

ACTH stimulation  test
The conventional ACTH stimulation test will be conducted 12 weeks after complete glucocorticoid 
withdrawal. The conventional ACTH stimulation test is the standard diagnostic test to diagnose 
adrenal insufficiency in the UMCG. The adrenal glands will be stimulated with 250 µg synthetic 
ACTH (Synacthen©) to study the capacity of the glands to produce a maximum level of cortisol. 
After infusion, cortisol levels will be measured after 30 and 60 minutes. The standard protocol used 
at the outpatient clinic in the UMCG will be used, see appendix 1 for the standard protocol. This test 
will take one and a half to two hours. 

Figure 2. Overview of the CURVE glucocorticoid protocol. 

0

10

20

30

40

50

60

0 4 8 12 16 20 24 28

Start CURVE study

Weeks of treatment

Pr
ed

ni
so

lo
n 

do
se

 (m
g/

da
y)



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

90

Chapter 6

Assessments for healthy controls
Healthy controls will collect saliva and urine during one 24-hour period. Demographic data and 
general health will be assessed by a short questionnaire. 

Standard care 
Patients with active disease start with prednisolone 1 mg/kg/day once daily in the morning with a 
maximum of 60 mg until six weeks of treatment. When complete remission is attained and sustained 
for 2 weeks during the first 6 weeks of therapy, tapering can start earlier. Thereafter, prednisolone 
will be tapered with 10 mg every two weeks until a daily dose of 30 mg/d, subsequently with 5 
mg every two week until 15 mg daily and with 2.5 mg every two weeks until complete withdrawal 
(Figure 2). In case of severe disease activity, methylprednisolone 1000mg can be administered on 3 
consecutive days at start of therapy followed by the standard tapering protocol. 
Induction treatment further consists of oral cyclophosphamide 2 mg/kg/d (age >65  or diminished 
bone marrow reserve start with 1.5 mg/kg/d) or rituximab 4 doses of 375 mg/m2 BSA at weekly 
intervals. All patients will be switched to maintenance therapy with azathioprine (1.5 mg/kg/d) 
after three months of stable remission and will continue on azathioprine until 12 months. After 12 
months the dose will be tapered with 25 mg every 3 months. 
 
Outcome
The primary outcome is change in acrophase saliva cortisol concentration during and after 
glucocorticoid withdrawal. Secondary outcomes include assessments of cortisol ratios or indices of 
cortisol production at different sampling time points as prognostic markers for impaired recovery of 
the HPA axis or adrenal insufficiency. Adrenal insufficiency is defined as a morning cortisol level <175 
nmol/L after complete withdrawal or a cortisol level of < 375 nmol/L after the conventional ACTH 
stimulation test with 250 µg ACTH, based on out in-house references validated using the LCMS-MS. 
Secondary end points include the relation between somatic complaints, mood complaints and sleep 
disturbance and the recovery of the HPA axis and melatonin rhythm during and after glucocorticoid 
withdrawal. Further investigations include analyses of dopaminergic and serotonergic variations and 
immunological variations during glucocorticoid withdrawal. The CURVE study offers the possibility 
to perform several post-hoc studies assessing recovery of the HPA axis functioning and biological 
changes during glucocorticoid withdrawal. 

Statistical analyses and sample size
The data will be presented quantitative. Participants will not be excluded and data will not 
be imputed in case of missing data. The change in cortisol levels at the acrophase, nadir and 
the change in amplitude will be described with descriptive statistics, area under the curve and 
analysed in relation to change in other parameters especially somatic and mood complaints. This 
will be analysed with appropriate statistical analyses for longitudinal data with repeated measures, 
which takes into account the correlation of different measurements within one subject. Repeated 
measurements for laboratory measurements and scores of the questionnaires will be analysed with 
appropriate statistical analyses for longitudinal data with repeated measures. 
This study is a hypothesis generating pilot study and will be used as a fundament for future studies 
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and sample size calculations. Until now, no longitudinal data regarding the recovery of the circadian 
rhythm of the hypothalamic-pituitary-adrenal axis during glucocorticoid tapering in patients with 
AAV, or other diseases, are known in literature. During a two year period, we will include 15 patients 
and 15 healthy controls and estimate that 20% will withdraw from study participation during the 
study. The small sample size is considered justifiable, since this is a pilot study and sequential 
measures will collected which increases statistical power.   

Safety  
The risk of participating in this study is considered low. Urine and saliva collection is safe and no 
invasive. Subjects will undergo additional blood sampling at two time points, the others are in 
concurrence with standard patient care. 
Adrenal function will be assessed once by a conventional ACTH stimulation test (Synacthen) using 
250 µm ACTH. This ACTH stimulation test is the standard diagnostic test to diagnose adrenal 
insufficiency. It is commonly used in general clinical practice and in research. The test will be 
performed under strict conditions. Participants will be under supervision during the complete test 
by specialized trained staff. Most common side-effects are of allergic nature: skin reaction at infusion 
side, rash, dizziness, nausea, vomiting or anaphylactic reaction. Severe side-effects develop rarely. 
Subjects will be instructed to what to do when complaints or symptoms develop. The test will give 
insight in the capacity of the adrenal glands to produce a maximum level of cortisol. An insufficient 
response to the ACTH stimulation test might warrant extra patient care to prevent consequences of 
a secondary adrenal insufficiency, especially in situations of stress.   

Study status
Patient enrollment started March 2015 and is still recruiting. At time of this writing, seven participants 
completed the study protocol and 1 age and sex-matched healthy control completed the study 
protocol. We expect this study to end by the end of 2017. Results are expected in the second half 
of 2018. Results will be presented at international congresses and results will be submitted for 
publication in peer-reviewed scientific journals. 
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Abstract
Background. In a selected group of granulomatosis with polyangiitis (GPA) patients, disease is limited 
to the upper and/ or lower airways without organ- or life-threatening symptoms. The literature 
suggests that these patients can be treated successfully with trimethoprim/ sulfamethoxazole (T/S). 
However, data remain conflicting about its effectiveness. 
Aim. The aim of this study was to evaluate effectiveness and safety of T/S therapy. 
Design. Retrospective cohort study. 

Methods. We evaluated effectiveness and safety of T/S therapy in 55 patients with localised (n= 31) 
and early systemic (n= 24) GPA treated at our center between 1989 and 2013. 

Results. Fifty patients were treated with T/S monotherapy 800/160 mg twice daily and five received 
T/S as add-on to other immunosuppressive medication. With T/S therapy 36 patients (66%) attained 
remission. A relapse developed in 18 patients (50%) after a median disease free survival of 21 [IQR 
10-26] months. In 19 patients (34%) therapy failed, 14 patients had refractory disease and started 
additional immunosuppressive therapy, 5 patients stopped T/S due to adverse drug reactions, 
primarily rash and nausea. A CRP threshold of 12.5 mg/L, calculated from the ROC curve, yielded 
a sensitivity of 76.9% and specificity of 68.6% for therapy response. Below this threshold, 89% of 
patients (n=24) attained remission, whereas 11% had refractory disease (n=3). 

Conclusions. T/S therapy can induce remission in a substantial number of GPA patients with 
localised and early systemic disease. T/S can be considered as first-line therapy in these patients if 
at presentation CRP is low. 
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Background
Granulomatosis with polyangiitis (GPA) is an autoimmune disease causing granulomatous 
inflammation in the respiratory tract and systemic necrotizing vasculitis of the small to medium 
sized blood vessels. In the majority of patients antineutrophil cytoplasmic antibodies (ANCA) are 
present, mostly directed against proteinase 3 (PR3) and in the minority against myeloperoxidase 
(MPO) (1,2). 
Generalized disease with widespread inflammation is often preceded by an initial phase of localised 
or early systemic disease. However, in approximately 5% of patients, GPA will remain confined to the 
respiratory tract without the development generalized disease during long-term follow-up (3,4).
Several case-reports and small series have demonstrated that trimethoprim/sulfamethoxazole 
(T/S) monotherapy can successfully induce remission in this selected group of patients, including 
one prospective study (5-8). However, others report poor effectiveness with T/S monotherapy (3). 
Patients treated with T/S will not be exposed to the side-effects of standard immunosuppressive 
induction therapy, comprising cyclophosphamide, rituximab or methotrexate in combination with 
glucocorticoids (9). T/S could be an attractive alternative for these patients. 
Data are scarce on the effectiveness of T/S monotherapy. Therefore, the objective of this study was 
to analyse the effectiveness and safety of T/S as induction therapy for patients with localised and 
early systemic GPA. 

Patients and methods

Patients 
All consecutive patients treated with T/S monotherapy or as add-on for the induction of remission 
of newly diagnosed and relapsing GPA in the University Medical Center Groningen between 1989 
and 2013 were included in this retrospective cohort study. Patients were classified as having GPA 
according to definitions adopted from the Chapel Hill Consensus Conference Nomenclature and 
the algorithm developed by Watts et al (1,10). Patient and clinical characteristics were collected 
from medical records. For this study no formal IRB approval was required. Patients who attained 
remission were followed until a relapse developed, death or lost to follow-up, whichever came first. 

Treatment
Induction therapy was T/S 800/160 mg twice daily for at least 2 years. One minor (11 years) received 
600/120 mg daily. Most patients with episcleritis received additional local therapy. Patients on 
low dose maintenance immunosuppressive therapy after generalized diseased, who developed 
a localised or early systemic relapse were also included, provided that the immunosuppressive 
therapy was not changed, making it plausible that the observed outcome was attributable to T/S. 
T/S was stopped in consultation with the patient after two years.

Measures
Disease activity at diagnosis was scored using the Birmingham Vasculitis Activity Score (BVASv.3) 
(11). ANCA were detected by indirect immunofluorescence and through antigen specific enzyme-
linked immunosorbent assay (ELISA).
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Definitions
Localised disease was defined as GPA confined to the ENT tract or lungs without vasculitis outside 
these regions, without threatening vital organ functions and serum creatinine <120 μmol/L. Patients 
who only experienced malaise as a constitutive symptom in addition to ENT or pulmonary symptoms 
were classified as localised disease. Early systemic disease was defined as GPA involving the ENT 
tract or lungs and systemic vasculitis outside these regions without threatening vital organ functions 
and serum creatinine <120 μmol/L. In addition, to be considered for therapy with T/S  only, signs of 
active renal (erythrocyturia > 25/ul, proteinuria, change in renal function) or peripheral neurologic 
involvement (sensible/motoric neuropathy) had to be absent. Generalized disease was defined as 
systemic vasculitis outside the ENT tract and lungs, and with threatening vital organ functions, but 
serum creatinine <500 μmol/L, whereas severe disease was accompanied by organ failure or serum 
creatinine >500 μmol/L. These definitions were adopted from the EUVAS study group (12).  
Effectiveness of T/S therapy was defined by induction of remission (BVAS=0). Refractory disease was 
defined as persistent or increased disease activity necessitating immunosuppressive medication. 
A relapse was defined as the worsening, or new onset of disease activity attributable to active 
inflammation. Adverse drug reactions were defined as symptoms or signs possible attributable 
to, and occurring after the start  of T/S, and improving after discontinuation of T/S. Nasal swabs 
were performed in patients during follow-up. Patients with at least two cultures testing for 
Staphylococcus aureus (S. aureus) were considered persistent carrier when all tested positive for 
S. aureus, patients were considered non- carrier when none tested positive, and the remaining 
patients were considered intermittent carriers.    

Statistics
Statistical analysis were performed using SPSS 22.0 and GrapPad Prism (version 5.00). Parametric 
data are reported as mean and standard deviation (SD) and nonparametric data as median and 
interquartile range [IQR]. Differences between groups were tested using the Student’s T-test, 
Mann-Whitney U or the Fisher’s exact test as appropriate. Disease free survival was calculated 
using Kaplan-Meier curves with log-rank testing. Receiver operating characteristics (ROC) showing 
sensitivity and 1- specificity were used to determine cut-off levels of CRP with significant difference 
between therapy outcome. Sensitivity reflects the proportion of patients with refractory disease 
and high CRP, whereas specificity reflects the proportion of patients with remission and low CRP. 
The optimal cut-off value was determined by the Youden index (13). A two-sided p value of < 0.05 
was considered statistically significant. 

Results

Patient characteristics 
Fifty-five GPA patients were included in this study. Twenty-seven presented with localised disease 
and 20 with early systemic disease at diagnosis. Four presented with a localised relapse and four 
with an early systemic relapse. Five out of eight relapsing patients received immunosuppressive 
therapy at the time of presentation. Two received low dose (≤10mg) prednisolone, one received 
cyclophosphamide 25 mg and two received azathioprine 50 and 25 mg daily, respectively. A 
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flowchart of all assessed (n= 644) and eligible patients is shown in supplementary figure 1.
The median follow-up was 10 [IQR 4-14] years, with a total follow up of 564 patient years. Baseline 
characteristics of all participants are shown in table 1. Symptoms of disease activity at start of T/S 
therapy are shown in supplementary table 1. 

Table 1. Baseline characteristic of all included patients. 

Age (years)    49 (18)
Sex (female), n (%)   33 (60%) 
T/S therapy for diagnosis/ relapse, n 47/8
Diagnostic histology, n   35 (64%)
BVAS    7 [6-8]
  Localised disease   6 [6-7] (n=31)
  Early systemic disease  8 [6-10] (n= 24)
ANCA staining IF, titre at diagnosis  1:80 [1:40; 1:160]
  cANCA, n    1:80 [1:80-1:160], n=38
  pANCA, n    1:160 [1:80-1:320], n= 10
  Atypical/ negative ANCA, n  n= 5/ n=2
ANCA specificity 
  Anti-PR3, n   39
  Anti-MPO, n   8
  Negative, n   8
S. aureus, n 
  Positive    24
  Negative    21
  Not tested   10
CRP (mg/L) 11 [3-17]
Hemoglobin (mmol/L)   8.2 (0.8)
Serum creatinine (µmol/L)  85 (20)
MCV (fL)    87.2 (5.0)

Abbreviations: SD: standard deviation; T/S: trimethoprim/sulfamethoxazole; BVAS: 
Birmingham Vasculitis Activity Score; ANCA: antineutrophil cytosplasmic antibodies; 
IF: immunofluorescence;Anti-PR3: anti-proteinase 3; Anti-MPO: anti-myeloperoxidase; 
IQR: interquartile range; S. aureus: Staphylococcus aureus; CRP: C-reactive protein; 
MCV: mean corpuscular volume 

Characteristics   n= 55

Effectiveness 
Remission was induced in 36 patients (65.5%). Fourteen patients (25,5%) had refractory disease 
and five patients (9%) discontinued therapy due to T/S -related adverse drug reactions. T/S as add-
on induced remission in four patients (80%), and one patient (20%) had refractory disease. Median 
time to remission was 14 weeks [IQR 11-20] (figure 1). 
Treatment was switched in patients with refractory disease after a median time of 14 weeks [IQR 
3-36]. In eight patients with refractory disease there was no or insufficient reduction of symptoms 
and in six there was progression of disease. The majority of patients were subsequently treated 
with cyclophosphamide and glucocorticoids (Table 2). 
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Table 2. Therapy and outcome after refractory disease with trimethoprim/sulfamethoxazole monotherapy. 

7 remission; 1 persistent episcleritis; 
1 died 

2 remission

1 remission

1 remission after long course 
of treatment; 1 persistent ENT 
complaints, but further treatment 
refused

Number  Treatment  Outcome 
of 
patients  

9

2

1

2

Abbreviations: CY: cyclophosphamide; AZA: azathioprine; MTX: methotrexate; ENT: ear- nose and throat 

Cyclophosphamide (n= 4) and CY and 
maintenance AZA (n= 4) or MTX (n=1)

Methotrexate and glucocorticoids

Prednisolone added to T/S monotherapy

T/S monotherapy continued

100
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Figure 1. Time to remission after start of 
trimethoprim/sulfamethoxazole. 

Of note, one 86 year old patient improved clinically with T/S therapy until three months later rapidly 
progressive glomerulonephritis developed. Prompt immunosuppressive therapy could not induce 
remission. The patient died of combined renal failure, malnutrition, a gastro-intestinal bleeding, 
and infections of the respiratory and urinary tract. 
 
Predictors of therapy outcome 
We investigated predictors associated with therapy outcome (table 3). Patients who attained 
remission had a significantly lower CRP at start of treatment compared to patients with refractory 
disease (8 mg/L [IQR <3-17] vs. 15 mg/L [IQR 13-79]; p= 0.007). The area under the ROC curve for 
CRP and therapy response (remission or refractory disease) was 0.754 ([95% CI 0.600- 0.908], p= 
0.007, figure 2). The optimal cut-off value was 12.5 mg/L with a sensitivity of 76.9%, a specificity of 
68.6%, and a Youden Index of 0.455. Remission was attained in 89% of patients with CRP ≤12.5 mg/L 
(n= 24), whereas 11% had refractory disease (n=3). In contrast, 52% of patients with CRP >12.5 
mg/L attained remission (n= 11), and 48% of patients had refractory disease (n= 10). 
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Table 3. Patients with refractory disease and remission.

Newly diagnosis, n (%) 13 (93%)  29 (81%)  0.414
Histological confirmation  9 (64%)  23 (64%)  1.000
  of diagnosis, n (%)
Localised disease, n (%) 7 (50%)  16 (44%)  0.761
CRP (mg/L) 15 [13-79]  8 [<3-17]  0.007
ANCA positive(IF)   11 (85%)   29 (81%)  1.000
at diagnosis, n (%) n=13, 1 missing  
Anti-PR3 positive  11 (79%)  24 (67%)  0.507
  at diagnosis, n (%)
S. aureus positive  4 (36%)  16 (57%)  0.301
  before start 
T/S, n (%) n= 11, 3 missing  n= 28, 8 missing

Characteristics Refractory disease   Remission   p
 (n= 14)   (n= 36) 

Abbreviations T/S: trimethoprim/sulfamethoxazole; vs: versus; CRP: C-reactive protein; IQR: 
interquartile range; ANCA: antineutrophil cytosplasmic antibodies; IF: immunofluorescence; anti-
PR3: proteinase 3; S. aureus: Staphylococcus aureus; UMCG: University Medical Center Groningen

Staphylococcus aureus 
Forty patients had at least two nasal cultures for S. aureus during remission induction. Fifteen 
patients (37,5%) were non-carriers, 21 (52,5%) intermittent carriers and 4 (10%) persistent carriers. 
These differences did not affect remission rate (Figure 3). Resistance to T/S therapy developed in at 
least four patients during the remission induction phase, of whom three attained remission. 

Figure 2. ROC curve for CRP and therapy outcome: 
remission or refractory disease. The Youden Index 
optimum indicates a sensitivity of 76.9% and 
specificity of 68.6%.  
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Relapse 
Eighteen of the 36 patients in remission did not develop a relapse until the end of follow-up, with 
a median follow-up of 151 [IQR 54-165] months. Fifty per cent of patients relapsed after a median 
disease free survival of 21 [IQR 10-26] months. Eleven relapses occurred during T/S use. Five 
relapses were localised, nine early systemic, two generalized and two severe. Disease free survival 
was similar for patients with localised disease and early systemic disease (p= 0.717). 

Adverse drug reactions 
T/S-related adverse drug reactions occurred in 12 patients and consisted primarily of nausea and 
rash, which were transient in most (supplementary table 2). However, therapy had to be stopped in 
five patients before remission could be attained. All adverse reactions were reversible within 1 day 
to 2 weeks after discontinuation of therapy. 

Localized disease
(n=27)

Localized disease
83 months [IQR 35-178] (n=17)

Severe disease
11 months (n=1)

Generalized disease
13 months [IQR 7-26] (n=4)

Early systemic disease
45 months [IQR 28-67] (n=5)

Early systemic disease
(n=20)

Early systemic disease
129 months [IQR] 97-172] (n=14)

Severe disease
4 and 17 months (n=2)

Generalized disease
16 months [IQR 3-41] (n=4)

Figure 4. Disease stage at the end of follow-up, including median and interquartile range of follow-up in months.

Figure 3. S. aureus carriage and 
therapy outcome.
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As expected, serum creatinine and mean corpuscular volume significantly increased and hemoglobin 
significantly decreased after the start of T/S. These effects were small, did not necessitate therapy 
adjustment and were reversible after discontinuation of therapy (data not shown). 

Disease progression and mortality 
Disease stage at the end of follow-up for newly diagnosed patients is shown in figure 4. This includes 
patients with refractory disease and progression, who developed early systemic (n=1); generalized 
(n=3) and severe disease (n=2) shortly after diagnosis. 
Twelve patients died during follow up. One patient died of exacerbated GPA 4 months after start 
of therapy, as described above. One patient died of a relapse 19 months after T/S therapy. Four 
patients died of treatment-related comorbidity, especially cyclophosphamide-related; 2 urothelial 
cell carcinoma (230, 245 months after start T/S), 1 myelodysplastic syndrome (223 months after 
start T/S), 1 systemic varicella-zoster virus infection (61 months after start T/S). All 4 patients had 
received one or more courses of cyclophosphamide and other immunosuppressive therapies in 
addition to the disease episode treated with T/S. One patient died 174 months after start of T/S of 
a squamous cellular carcinoma. Five patients died of unrelated causes after a median period of 94 
months [IQR 86- 97] after therapy. 

Discussion
This study showed that trimethoprim/sulfamethoxazole therapy can successfully induce long-term 
remission in approximately two-third of patients with localised and early systemic GPA in a cohort of 
consecutive patients. The remission rate was substantially higher, up to 89%,  in patients with CRP 
less than 12.5 mg/L at start of therapy. CRP as a reflection of systemic inflammation appears to be 
a good predictor of therapy success and a better predictor than disease stage. A similar percentage 
of patients with localised and early systemic disease attained remission. 
In the literature the reported effectiveness of T/S monotherapy varies widely with some reports 
showing an insufficient response in 73%, whereas others show improvement in 58% up to 93% 
of patients (3,5,8,14). These contradicting results might be explained by various factors; most 
reported studies are small, different definitions of remission or improvement are used and cohorts 
are heterogeneous. In addition, one of the biggest challenges is to await the therapeutic effect of 
T/S. In half of the patients remission can be expected after three to four months, but can take up to 
5 or 6 months in some. This requires considerable patience of both patient and treating physician 
and necessitates close clinical monitoring for signs of disease progression during this period. 
Fifty per cent of patients in remission relapsed, most within two years after induction of remission. 
This is in accordance with the relapse rate found by Holle et al. and similar as the relapse rate 
described in patients with generalized disease (3,15). 
T/S monotherapy could be regarded a safe therapy. All adverse drug reactions were quickly 
reversible and almost all patients with refractory disease reached remission after switching to 
immunosuppressive therapy. Still, close monitoring remains necessary. 
Finally, we showed that of all assessed GPA patients an estimated percentage of 4% (27/ 644) 
presents with localised disease, which is consisted with literature (3,4,16). In our study more patients 
showed disease progression to a generalized state. We did not exclude patients who progressed to 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

104

Chapter 7

generalized disease within one year, in contrast to the studies of Pagnoux et al and Holle et al (3,4). 
In addition, we had an extensive follow-up of ten years, compared to 58 months and 4 years in both 
before mentioned studies, respectively.  
Researchers have already speculated about an etiological role of infections in the development of 
GPA for many years. This is indirectly supported by studies showing reduced incidence of relapses 
with T/S therapy (17,18). With ensuing research, several microbes and viruses have been suggested 
to cause or worsen the course of disease (19-22). Up to now, the role of S. aureus has been the 
most convincing and various mechanisms by which S. aureus induces or exacerbates GPA have 
been proposed (23). For example, through super antigens of S. aureus which promote extensive 
T-cell proliferation, priming of neutrophils or by S. aureus derived cationic enzymes such as acid 
phosphatase, which bind to endothelial cells and might induce glomerulonephritis (24). However, 
the exact mechanism has yet to be elucidated. 
Considering the evidence linking bacteria to the course of GPA, the use of an antimicrobial agent, 
such as T/S seems rational. However, it has been hypothesized that this folate antagonist similar 
to other sulfonamides and sulfones not only possess antimicrobial properties, but also exerts an 
anti-inflammatory effect (25). This has been supported by in vitro studies showing inhibition of the 
myeloperioxidase (MPO)-hydrogen peroxide-halogen (MHPH) system of neutrophils. Inhibition of 
the MHPH system diminishes the generation of reactive oxygen species and lysosomal enzymes 
(26). These are necessary for effective phagocytosis in situations of infections, but cause tissue 
destruction and macromoleculair alterations such as antiproteinase inactivation in normal tissue 
(27). This is an interesting mechanism of action, especially in a disease such as GPA in which 
neutrophils are thought to play a central role. We did not find evidence that T/S acts merely trough 
eradication of S. aureus since, persistent non-carriers, persistent carriers and patients with a S. 
aureus strain resistant to T/S attained remission. The potential anti-inflammatory properties of T/S 
are interesting for further research. 
Obviously, our study has a number of limitations. This is a retrospective cohort study. It might be 
questioned whether all patients without diagnostic histology had GPA. Patients were diagnosed 
using the Chapel Hill Consensus nomenclature and the algorithm of Watts, which means that 
patients with histology compatible with GPA needed additional signs or symptoms, like a positive 
ANCA in ELISA (1,10). The assessment of treatment effectiveness is challenging, especially due to the 
considerable period of time before a treatment effect can be observed. The EULAR recommends to 
assess treatment effectiveness after a predetermined period of time (28). For T/S this has yet to be 
determined, but should until than be patient-tailored during close monitoring. Selection bias might 
have occurred, since the UMCG is a tertiary referral center. We therefore do not think our results to 
be overestimated. Unfortunately, our cohort is underpowered for extensive analyses; however it is 
a fairly large cohort with extensive follow-up in comparison with other studies in literature.  

Conclusion
In conclusion, trimethoprim/sulfamethoxazole monotherapy might be considered a first-line therapy 
in patients with localised or early systemic GPA if at presentation CRP is low. Ideally a multicenter 
prospective study would confirm our results and determine the optimal treatment of this small 
subset of patients and the place of trimethoprim/sulfamethoxazole therein. 
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Supplementary material

Supplementary figure 1. Flowchart of all assessed and analysed patients. 

Assessed for eligibility (n=644)

Excluded (n=589)
 Generalized disease (n=577)
 Not meeting Chapel Hill consensus  

 criteria or algorithm of Watts (n=5)
 Cocaine-induced vasculitis (n=2)
 Insufficient documentation (n=5)

Analyzed (n=55)

New diagnosis of GPA
(n=47)

Relapse
(n=8)

Localized disease
(n=27)

Early syst. disease
(n=20)

Localized disease
(n=4)

Early syst. disease
(n=4)
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Supplementary table 1. Disease activity at start of trimethoprim/sulfamethoxazole therapy 
and therapy outcome.

  Therapy outcome 
  Cohort Rem. Ref. dis. SE
Total number  55 36 14 5
Localised disease    
Nasal symptoms* (+ malaise)  13 (+11) 10 (+6) 1 (+3) 2 (+2)
Hearing loss, malaise, nasal symptoms,   1 1 0 0  
Hearing loss, conductive hearing loss malaise   1 0 1 0
Hearing loss, malaise, nasal symptoms,   1 0 1 0
  significant subglottic inflammation 
Significant subglottic inflammation,  2 2 0 0
  hoarseness stridor, nasal symptoms  
Malaise, nasal symptoms, hoarseness   1 0 1 0
  stridor, cough, dyspneu or wheeze 
Nodules fibrosis, haemoptysis  1 1 0 0
Early systemic disease    
Nasal symptoms +    
  Malaise, arthralgia/arthritis (MA)  3 3 0 0
  Hearing loss, MA/ fever (≥ 38.5˚C)  2 0 0/1 1/0
  Headache, weight loss (≥2 kg)    1 0 1 0
  Malaise, fever (<38.5 ˚C)    1 1 0 0
Lung infiltrate, nasal symptoms +    
  MA, weight loss ≥2 kg    1 1 0 0
  Malaise, weight loss ≥2 kg, cough  1 0 1 0
  Arthralgia/arthritis, dyspneu/ weeze,  1 1 0 0
Other skin vasculitis, nasal symptoms +   1 1 0 0
  MA     1 0 1 0
  Malaise, episcleritis    1 0 1 0
Episcleritis +    2 2 0 0
  Nasal symptoms, MA    1 1 0 0
  Nasal symptoms, mouth ulcer    1 1 0 0
Conjunctivitis, arthralgia/arthritis, nasal symptoms 1 1 0 0
Conjunctivitis, blurred vision, infiltrate malaise  1 0 1 0
Dacryocystitis     1 1 0 0
Cutaneous ulcer    1 1 0 0
Significant proptosis (+ blurred vision)  2 1 0 (+1) 0
Haematuria, arthralgia/arthritis, nasal symptoms  1 1 0 0

Abbreviations: Rem.: remission; Ref. dis.: refractory disease; SE: side-effects; MA: malaise and 
arthralgia/ arthritis. *Nasal crusting, bloody nasal discharge, crusting and sinus involvement are 
grouped together as ‘nasal symptoms’ in order to improve readability and interpretation of the data. 
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 Supplementary table 2. Side-effects of trimethoprim/sulfamethoxazole therapy.

Male  Nausea Stopped after 3 weeks
Male  Nausea, rash Stopped after 2 weeks
Female  Fever, rash, itch Stopped after 1 week
Male  Rash, itch Stopped after 2 weeks
Female  Erythematous papular lesions,  Stopped after 4 days
 perivascular inflammatory 
 infiltrate, leucopenia, myalgia 
Female  Transient nausea  Continued
Female  Transient rash and itch Continued
Male Transient diarrhoea  Continued
Female  Transient nausea Continued
Male  Rash Stopped after 2 years
Male  Rash Stopped after 2 years 9 months
Female Dubious abdominal pain*  Stopped after 7 years  

Patient Symptoms Therapy stopped or continued

*Dubious side-effect since the relation with trimethoprim/ sulfamethoxazole could not univocally 
be proven.
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Abstract
Introduction. Cyclophosphamide (CYC) has been the mainstay of treatment of ANCA-associated 
vasculitis (AAV). However, CYC has unfavorable side-effects and alternatives are needed. Evidence 
suggests that mycophenolate mofetil (MMF) can induce sustained remission in non-life-threatening 
disease. The purpose of this study is to compare the efficacy and safety of MMF versus CYC for the 
induction treatment of non-life-threatening relapses of PR3 and MPO-AAV. 

Methods. We conducted a multi-center randomized controlled trial. Patients with a first or second 
relapse of AAV were randomized to induction treatment with CYC or MMF, both in combination with 
glucocorticoids. Maintenance therapy consisted of azathioprine in both arms. Primary outcome was 
remission at six months and disease free survival at 2 and 4 years. 

Results. Eighty-four patients were enrolled of whom 41 received MMF and 43 CYC. Eighty-nine per 
cent of patients were PR3-ANCA-positive. At six months, 66% of MMF treated patients versus 81% 
of CYC treated patients were in remission (χ2 (1) = 2.62, p= 0.11). There was a significant interaction 
between treatment and disease severity at study entry on successful remission induction. The 
hazard ratio for failure of MMF therapy compared to CYC in the highest tertile (BVAS>19) was 7.79 
(95% CI 1.6- 48.3). Disease-free survival at 24 and 48 months was 61% and 39% for CYC, and 46% 
and 34% for MMF, respectively (logrank test, p= 0.26). 

Conclusion. MMF is a viable alternative to CYC for the treatment of non-life-threatening relapses 
of AAV, with the exception of patients with a higher BVAS (> 19), as the efficacy of MMF in this 
subgroup seems significantly lower.
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Introduction
Antineutrophil cytoplasmic antibody-associated vasculitides (AAV) are a group of autoimmune 
diseases, which are associated with the presence of circulating antineutrophil cytoplasmic 
antibodies (ANCA). Three types of AAV can be distinguished: (1) microscopic polyangiitis, (2) 
granulomatosis with polyangiitis, and (3) eosinophilic granulomatosis with polyangiitis [1]. These 
chronic multisystem pathologies can be life-threatening due to amongst others acute renal failure 
or pulmonary hemorrhage. Therefore most AAV patients require significant immunosuppression 
during remission induction and long-term maintenance treatment. The introduction of the 
alkylating agent cyclophosphamide (CYC) in the 1960’s improved survival substantially; however, 
at the expense of serious acute and long-term side effects, such as bone marrow depression, 
opportunistic infections, gonadal failure, haemorrhagic cystitis and bladder cancer [2]. These 
pressing issues called for alternatives with lower toxicity with at least-equal potency.
Literature suggests that mycophenolate mofetil (MMF), a non-alkylating pro-drug which selectively 
inhibits lymphocyte proliferation, can safely induce sustained remission in AAV [3-7].  Instead of 
damaging DNA, mycophenolate mofetil inhibits the enzyme inosine monophosphate dehydrogenase 
and thereby reduced the guanine triphosphate synthesis, which is necessary for lymphocyte 
proliferation [8]. Comparative studies for induction of remission with mycophenolate mofetil are 
limited. This prompted us to test the efficacy and safety of mycophenolate mofetil compared to 
cyclophosphamide for the induction of remission in non-life-threatening relapses, including both 
proteinase 3 (PR3) and myeloperoxidase (MPO)-ANCA associated vasculitis. We report the results 
of our multi-center randomized controlled  trial. 

Patients & methods

Study design and patients 
This multi-center randomized trial was conducted between 2005 and 2014 at eight centers in The 
Netherlands. The study protocol was reviewed and approved by the local IRB of every participating 
center. The study was registered on www.clinicaltrials.gov with identifier: NCT00103792. 
Patients were classified as GPA or MPA according to criteria adopted from the Chapel Hill Consensus 
Conference Nomenclature [1]. Consecutive patients with a first or second non-life-threatening 
relapse of PR3-ANCA or MPO-ANCA positive ANCA-associated vasculitis were eligible for study 
inclusion. The diagnosis was preferably histological proven. All patients had to provide written 
informed consent to participate. Patients were not eligible for study inclusion if any of the following 
criteria was present: life-threatening disease, defined as serious alveolar bleeding or (threatening) 
respiratory insufficiency, serum creatinine >500µmol/l, or new dialysis dependence; ongoing high-
dose maintenance therapy at the time of the relapse, more specifically cyclophosphamide ≥100mg/
day and prednisolone ≥25mg/day; known intolerance to cyclophosphamide, mycophenolate 
mofetil or azathioprine; pregnancy; desire to have children or inadequate contraception; inability 
to provide informed consent; age <18 years.

Enrollment and randomization
Participants were recruited from the outpatient clinic from the participating centers. Patients 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

116

Chapter 8

were enrolled by the treating physician. Patients were randomized to receive open-label oral 
cyclophosphamide or mycophenolate mofetil in a 1:1 ratio as induction treatment. Randomization 
took place centrally in the UMCG and was performed with the use of permuted blocks of 4 or 6. 
Patients were stratified according to ANCA-specificity (PR3 or MPO) and whether this was a the first 
or second relapse. 
 
Treatment protocol
Group A received induction treatment with oral cyclophosphamide 2 mg/kg/d (age >65 1.5 mg/
kg/d) for 6 months. Group B received induction treatment with mycophenolate mofetil 1000 mg 
twice daily for 6 months. Both treatment groups received prednisolone in a tapering regime during 
induction treatment. All patients received initially prednisolone 1 mg/kg/d (max 60 mg) until six 
weeks after start of treatment. Thereafter, prednisolone was tapered with 10 mg every two weeks 
until a daily dose of 30 mg/d, subsequently with 5 mg every two week until 15 mg daily and with 
2.5 mg every four weeks until discontinuation of prednisolone. With this regimen, by 6 months 
prednisolone should be 10 mg daily and should be discontinued by 9,5 months after study entry. 
All patients were switched to maintenance therapy with azathioprine 1.5 mg/kg/d after six months, 
provided that the patient was in stable remission for at least three months. If not, switch of therapy 
could be postponed to a maximum of nine months after start of therapy. When remission was 
not attained within 6 months, therapy was considered to have failed. Azathioprine maintenance 
therapy was tapered after 12 months and completely withdrawn 2 years after study entry. 
If the following events occurred, dosages had to be adjusted as it follows: leukocytopenia 
(<4,0x109/L) prompted for a 25% reduction of cyclophosphamide, mycophenolate mofetil and 
azathioprine; if the leukocyte count dropped below 3.0x109/L, medication had to be stopped 
temporarily until leukocyte counts normalized, and treatment had to be resumed with at least 25% 
decrease. The treatment protocol was stopped after 4 years of follow-up, or if remission was not 
achieved within 6 months, a relapse developed, the patient experienced unacceptable side-effects 
or withdrawal of informed consent. 

Concomitant medication
Both groups received additional therapy, entailing prophylaxis against Pneumocystis pneumonia 
(co-trimoxazole for 6 months), osteoporosis prophylaxis, candida prophylaxis (until prednisolone 
dose reached ≤15 mg/day), and prophylaxis of dyspeptic symptoms (as required).

Outcomes and definitions
Primary end point was remission at six months and disease free survival at 2 and 4 years. Secondary 
end points were time to induction of remission, cumulative organ damage, renal function and 
adverse events. 
Remission was defined as the absence of manifestations attributable to active disease (BVAS=0) and 
CRP<10mg/dl. Induction therapy was considered to have failed when remission was not attained 
within six months or when remission was not sustained throughout the first six months. A relapse 
was defined as the reoccurrence or new appearance of organ involvement attributable to active 
vasculitis and requiring increase in or reintroduction of immunosuppression. A major relapse was 
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defined as the reoccurrence or new onset of potentially organ- or life threatening disease activity 
that cannot be treated with an increase of glucocorticoids alone and requires further escalation of 
therapy (i.e. the administration of cyclophosphamide). All other relapses were classified as “minor”. 
A leukocyte count lower than 4,0x109/l was defined as leukocytopenia and a lymphocyte count 
below 0,8x109/l as lymphocytopenia. Infection was defined as disease requiring antibacterial or 
antiviral treatment, with or without the need for hospital admission; i.e. the term does not apply to 
a presumably viral respiratory tract infections that did not require medical treatment. 

Disease assessments 
Patient evaluation was conducted upon start of treatment, once every four weeks during the 
first 6 months, and then once every 3 months for up to 4 years. Physical examination entailed 
measuring blood pressure and weight. Routine laboratory included: a full blood count, C-reactive 
protein, estimated sedimentation rate, urea and ANCA titers. In addition, 24hour urine analysis was 
performed to monitor creatinine clearance and proteinuria. Spot urine was collected for analysis 
of hematuria and erythrocyte cylinders. Chest X-rays or CT scans were obtained when clinical 
indicated. Disease activity was assessed using the Birmingham Vasculitis Activity Score (BVAS) [9]. In 
addition, the Vasculitis Damage Index (VDI) was used to quantify the cumulative organ damage [10]. 
Adverse events were graded according to National Cancer Institute’s NCI Common Terminology 
Criteria for Adverse Events version 4.0. 

Statistical analyses
SPSS version 23.0 (SPSS IBM, New York, U.S.A.) was used for data analysis. Data are shown as mean ± 
standard deviation (SD) for normal distributed data and as median and interquartile range (IQR) for 
nonnormal distributed data. Comparisons between groups were tested using the Student’s t-test 
and Mann Whitney-U as appropriate. Correlations were analyzed with Spearman’s rho correlation 
coefficient or Pearson’s correlation coefficient as appropriate.
The primary analysis was tested based on an intention-to-treat method. Patients who dropped out 
of the study for any reason before 6 months were considered having treatment failure. 
Disease free survival was estimated by Kaplan-Meier actuarial survival curves with log-rank testing 
to compare groups. To investigate treatment efficacy for remission induction a multivariable 
analysis was performed using Cox proportional hazards models adjusting for the baseline covariates 
age at inclusion, ANCA specificity, BVAS at study entry and renal function at study entry. Statistical 
significance was defined as a two-sided p< 0.05.
Based upon our previous study we expected successful induction of remission in 90% of patients 
treated with cyclophosphamide. We considered mycophenolate mofetil to be similar effective when 
the relative difference in remission rate would be less than 25%. Randomization of 90 patients was 
required to achieve a power of 0.8 with an α of 0.05. 

Results

Patients
Eighty-four patients with relapsing PR3 and MPO-AAV were enrolled in this multi-center randomized 
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controlled trial between 2005 and 2014. A list of patient inclusion by participating center is shown 
in supplement 1. A flowchart of all randomized and analyzed patients is shown in Figure 1. The 
target inclusion was 90 patients based on the power calculation. Enrollment proceeded slower 
than anticipated and it was decided to discontinue the study prematurely in August 2014. At that 
time, 84 patients were enrolled. Forty-one patients were randomized to mycophenolate mofetil 
and 43 patients received cyclophosphamide. Demographic and clinical characteristics were similar 

Table 1. Baseline characteristics of all included patients at study entry. 

Age (years)  60 (±12) 60 (±11)  60 (±13)  0.84
Sex (male)  57 (68%) 30 (70%)  27 (66%)  0.70
ANCA specificity (PR-3) 75 (89%) 38 (88%)  37 (90%)  0.78
First relapse 62 (74%) 31 (72%)  31 (76%)  0.71
Organ involvement at 
study entry    
  ENT 40 (48%) 19 (44%)  21 (51%)  0.52
  Pulmonary 42 (50%) 24 (56%)  18 (44%)  0.28
  Renal 63 (75%) 32 (74%)  31 (76%)  0.90
BVAS  15 [13- 19] 16 [13-20]  15 [13- 19]  0.70
CRP (mg/L)  36 [12- 85]  40 [13- 125] 33 [10- 57]  0.24
Creat µmol/L  103 [85- 153] 100 [83- 160] 112 [86- 148] 0.45
VDI  1 [1-2]  1 [1-3]  1 [1-2]  0.73

Patient characteristic All patients  CYC (n= 43) MMF (n= 41) p-value

Except where indicated otherwise, values are the number (%).

Figure 1. Flowchart of randomized 
and analyzed patients. 

84 eligible patients underwent randomization

41 assigned for MMF 43 assigned for CY

41 evaluated for the
primary end point
 27 attained and remained in  

 remission at six months
 10 therapy failure
 2 died of active disease and  

 sepsis
 2 withdrawn due to 

 unacceptable side-effects

43 evaluated for the
primary end point
 35 attained and 

 remained in remission at  
 six months
 6 therapy failure (1 died)
 1 withdrawn from study  

 due to SAE unrelated to   
 the study
 1 died of sepsis after   

 initial remission

41 included for analysis 43 included for analysis
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in patients randomized to cyclophosphamide and mycophenolate mofetil at time of randomization 
(Table 1). The majority of included patients were PR-3 ANCA positive (89%). Sixty-two percent had 
experienced their first relapse (74%) at time of inclusion. The median BVAS at study entry was 15 
[IQR 13- 19]. Sixty-three patients had renal involvement (75%) and the median creatinine level was 
103 µmol/L [IQR 85- 153]. 

Efficacy assessments

Remission induction
Twenty-seven of 41 patients (66%) treated with mycophenolate mofetil as compared to 35 of 43 
patients (81%) treated with cyclphosphamide were in stable remission at six months (χ2 (1) = 2.62, 
p= 0.11). The relative risk for therapy failure with mycophenolate mofetil therapy was 1.8 [95% CI 
0.9- 3.9]. Eight patients treated with cyclophosphamide were not in remission at six months due 
to progression of disease which required escalation of therapy (n= 6) and resulted in death in one 
patient, occurrence of an adverse event unrelated to the study for which the patient was withdrawn 

Figure 2. Time to stable remission according to treatment allocation. 

from the study (n= 1) and death due to sepsis after achieving stable remission (n= 1). Therapy failed 
to induce stable remission within 6 months in 14 patients treated with mycophenolate mofetil. In 
10 patients disease progressed and of them 2 patients improved initially but experienced increasing 
disease activity within six months. Two patients died due to exacerbated disease combined with 
sepsis and two patients discontinued therapy due to unacceptable side-effects (Figure 1). All 
failures related to disease progression in the cyclophosphamide treated group occurred within 5 
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weeks. Failure related to disease progression in the mycophenolate mofetil group was observed in 
8 patients within 5 weeks, one patient after 7 weeks, one patient after 12 weeks and two patients 
showed improvement initially but had renewed disease activity after 16 weeks of therapy. 
Time to stable remission did not differ significantly between mycophenolate mofetil and 
cyclophosphamide treated patients, median time to remission was 7.3 weeks [IQR 3.7- 11.7] versus 
median 6.4 weeks [IQR4.0- 11.9], p= 0.85, respectively (Figure 2). One cyclophosphamide treated 
patient did attain stable remission, but died of sepsis before the primary end point was attained.
A logrank test showed that treatment with mycophenolate mofetil was not significantly associated 
with therapy failure within 6 months (HR 2.24 [95% CI 0.90- 5.55], p= 0.08) (Table 2, model 1). 

Table 2. Cox proportional hazard analysis for treatment failure within 6 months.

Number of events 21 
Treatment (MMF)  2.24 (0.90- 5.55) 0.08
Treatment (MMF)* 2.27 (0.91- 5.63) 0.08
Treatment (MMF)**  3.34 (1.21- 9.24) 0.02

 HR (95% CI) p- value

*Treatment (MMF), adjusted for age. ** Treatment (MMF), 
adjusted for age, ANCA specificity, BVAS at study entry, eGFR 
at study entry. 

Figure 3. Interaction between treatment and disease severity at study entry and percentages of sustained 
remission at 6 months. BVAS tertile 1: BVAS< 14; BVAS tertile 2: BVAS 14- 19; BVAS tertile 3: BVAS > 19.

In multivariable Cox proportional hazard analysis, after adjustment for age, ANCA specificity, 
BVAS and GFR at study entry treatment with mycophenolate mofetil was significantly association  
with therapy failure within 6 months (HR 3.34 [95% CI 1.21- 9.24], p= 0.02) (Table 2, model 3). 
There was a significant interaction between BVAS and treatment (p= 0.03). Patients treated with 
mycophenolate mofetil and high disease severity were less likely to attain remission compared to 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

121

Mycophenolate mofetil versus Cyclophosphamide for Relapsing ANCA-Associated Vasculitis

8

patients with cyclophosphamide. The hazard ratio for failure of mycophenolate mofetil therapy 
compared to cyclophosphamide in the highest tertile (BVAS>19) was 7.8 (95% CI 1.6- 48.3).  The 
efficacy of cyclophosphamide appeared to be unrelated of disease severity at study entry (Figure 3). 

Relapse
Thirteen of 27 mycophenolate mofetil treated patients in remission at six months (48%) compared 
to sixteen of 35 cyclophosphamide treated patients in remission at six months (46%) developed a 
relapse during follow-up (Logrank test, p= 0.95, HR 1.03 [95% CI 0.49- 2.14], Figure 4). The median 
C-reactive protein at time of relapse was 32 mg/L [IQR 18- 74] for cyclophosphamide treated 
patients and 27 mg/L [IQR 11- 100] for mycophenolate mofetil treated patients (Mann-Whitney 
U, p= 0.98). The median BVAS at time of relapse was 11 [IQR 5- 16] for cyclophosphamide treated 
patients and 12 [IQR 8- 12] for mycophenolate mofetil treated patients (Mann-Whitney U, p= 0.91).
For all patients, disease-free survival at 24 and 48 months was 61% and 39% for cyclophosphamide, 
and 43% and 32% for mycophenolate mofetil, respectively (24 months logrank test, p= 0.10, HR 1.70 
[95% CI 0.91- 3.20]; 48 months logrank test, p= 0.17, HR 1.49 [95% CI 0.84- 2.62]) (Supplementary 
figure 1). Three cyclophosphamide treated patients and 1 mycophenolate mofetil treated patient 
were still in follow-up at 24 to 32 months and 28 months respectively. 

Protocol violation
Not all patients received the maintenance therapy according to protocol. One patient randomized 
to cyclophosphamide induction therapy was azathioprine intolerant and switched back to 
cyclophosphamide in a tapering regimen. One patient treated with cyclophosphamide induction 
therapy received methotrexate maintenance therapy after a prolonged period of leucopenia on 

Figure 4. Disease free survival in patients in remission at six months. 
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cyclophosphamide. One patient treated with cyclophosphamide induction therapy was  erroneously 
switched to mycophenolate mofetil maintenance after induction of remission. Three patients who 
were treated with mycophenolate mofetil induction therapy were azathioprine intolerant and were 
switched back on mycophenolate mofetil as maintenance therapy. Three patients were erroneously 
not switched from induction to maintenance therapy and continued on mycophenolate mofetil. After 
exclusion of these patients disease free survival remained not significantly different (data not shown).   

Renal function
Thirty-two patients treated with cyclophosphamide (74%) compared to 31 patients treated with 
mycophenolate mofetil (76%) had active renal involvement at study entry. In this subgroup, the 
estimated glomerular filtration rate (eGFR) was similar for both treatment groups at baseline 
(mean eGFR mycophenolate mofetil group 49.2 (±23.4) ml/min/1.73m2 versus cyclophosphamide 
group 53.1 (±26.9) ml/min/1.73m2, p= 0.55). eGFR increased with 3.8 ml/min/1.73m2 in the 
mycophenolate mofetil treated group versus 5.8 ml/min/1.73m2 in the cyclophosphamide treated 
group from baseline to 6 months. End stage renal disease (ESRD) developed in 1 patients during 
follow-up.  

Organ damage
At study entry, the majority of relapsing patients already had damage. The VDI at study entry of 
mycophenolate mofetil and cyclophosphamide treated patients were 1.6 (SD1.2) and 1.8 (SD1.6) 
(p= 0.50), respectively. Twenty-one patients in the cyclophosphamide group had no increase in the 
VDI from study entry to 6 months and 18 had no increase until 12 months. Twenty-two patients in 
the mycophenolate mofetil group had no increase in VDI from baseline to 6 months and 18 had no 
increase until 12 months. The mean VDI at 6 months for cyclophosphamide treated patients was 
2.2 (SD 1.7) and for mycophenolate mofetil treated patients 2.1 (SD 2.0)(p= 0.72). At 12 months the 
mean VDI for cyclophosphamide patients was 2.3 (SD 1.8) and for mycophenolate mofetil patients 
2.3 (2.1) (p= 0.94). 

Adverse events
A total of 102 adverse events occurred during this study, excluding leukopenia, trombocytopenia 
and anemia (see Table 3). Four patients died during remission induction as described above. Two 
patients were withdrawn from the study, one mycophenolate mofetil treated patient because of 
a lung carcinoma and one cyclophosphamide treated patient because of a pancreas carcinoma of 
which both patients subsequently died. 
Three malignancies in each treatment group developed. One pancreas carcinoma (see above), one 
esophagus carcinoma and one bladder carcinoma developed in the cyclophosphamide treated 
group. The patient who developed a bladder carcinoma experienced chemical cystitis during 
induction of remission and had experienced a course of hemorrhagic cystitis before study entry. One 
lung carcinoma (see above), one squamous cell carcinoma of the skin and melanoma developed in 
the mycophenolate mofetil treated group. All these patients were exposed to cyclophosphamide 
and glucocorticoids previous to study inclusion (see supplementary table 2).
Seven out of 34 (21%) mycophenolate mofetil treated patients versus 6 out of 40 (15%) 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

123

Mycophenolate mofetil versus Cyclophosphamide for Relapsing ANCA-Associated Vasculitis

8

Table 3. Adverse events. 

Adverse events (AE), n 102  47  55
  AE grade 1 or 2, n 75  34  41
  AE grade 3, n  19  8  11
  AE grade 4, n  2  2  0
  AE grade 5, n 6  3  3

Infections, n  46  19  27
  Episodes of infections on 19  8  11
  induction treatment, n 
  ≥ 1 infections during  13  7/34 (21%)  6/40 (15%)
  induction, n patients (%) 
  Grade ≥ 3, n  5  1  4

Treatment-related AE    
  Chemical cystitis, n patients   1  0  1
  Gonadal failure, n patients 1  0  1
  Diabetes Mellitus, n patients  9  1  8
Malignancies  6  3  3

Intolerance MMF 3  3  0

Intolerance AZA 4  3  1

Leukopenia   
  Episodes of leukopenia on  15  3  2
  induction treatment, n  
  ≥ 1 episode of leukopenia 11  3/35 (9%)  8/40 (20%) 
  during induction, n patients (%) 33  15  8
  Episodes of leukopenia on 
  maintenance treatment, n 
  ≥ 1 episode of leukopenia during 
  maintenance, n patients (%) 19 (23%) 7 (17%)  12 (28%)

Anemia, maximum AE grade   
  Grade 1 or 2, n patients  73  35  38
  Grade 3 2   1  1

Trombocytopenia    
  Grade 1, n patients 8  3  5
  Grade 4*, n patients  1  0  1

 Total (n= 84)  MMF (n= 41) CYC (n= 43)

*As part of a severe pancytopenia.  

cyclophosphamide treated patients experienced at least one infection during induction treatment 
(χ2 (1) = 0.40, p= 0.53). The relative risk for infection during induction with cyclophosphamide was 
0.7 [95% CI 0.3- 2.0]. One patient on mycophenolate mofetil experienced a severe generalized 
varicella zoster infection (AE grade 4) during an episode of severe pancytopenia. One patient in 
the cyclophosphamide group experienced a severe sepsis during an episode of leukopenia on 
cyclophosphamide induction and subsequently died (AE grade 5). Two patients experienced three 
grade 3 infections in the cyclophosphamide group during remission maintenance on azathioprine: 
one patient experienced both paronychia of a finger, which was complicated by osteomyelitis and 
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subsequent amputation of part of the finger and a recurrent infection of the hip after total hip 
replacement; one patient experienced an episode of cholangitis.    
Three out of 35 (9%) of mycophenolate mofetil treated patients compared to 8 out of 40 (20%) 
of cyclophosphamide treated patients experienced at least one episode of leukopenia (neutrophil 
count <4,0x 10^9/L) during remission induction (χ2 (1) = 1.95, p= 0.16). The relative risk for 
neutropenia during induction with cyclophosphamide was 2.3 [95% CI 0.7- 8.1]. 

Discussion
We investigated whether mycophenolate mofetil combined with glucocorticoids could be an 
effective and safe alternative to cyclophosphamide for the induction of remission in patients with PR3 
or MPO-ANCA positive vasculitis who experienced a non-life-threatening relapse. Mycophenolate 
mofetil induced sustained remission in a lower number of patients compared to cyclophosphamide, 
even though this difference did not reach statistical significance. Mycophenolate mofetil was less 
effective in patients with higher disease activity at study entry, whereas treatment efficacy of 
cyclophosphamide was unrelated to disease severity. After remission was attained a similar number 
of patients experienced a relapse during follow-up. No apparent difference between adverse events 
were observed.  
These findings could be interpreted from various angles. Induction of remission did not differ 
statistically significant and, therefore, mycophenolate mofetil might be regarded as a safe alternative 
for cyclophosphamide. In addition, 66% of patients attained remission and experienced sustained 
remission for a similar time period compared to cyclophosphamide treated patients and were 
therefore not exposed to cyclophosphamide. Nonetheless, a difference of 15% was observed and 
it could be debated whether this difference is in fact not clinically relevant. Mycophenolate mofetil 
might therefore be a valuable option in non-life-threatening relapses of AAV in patients previously 
treated with cyclophosphamide or patients with a contraindications for cyclophosphamide or other 
agents.
Many studies have focused on alternatives for cyclophosphamide with at least the same efficacy 
and a less (severe) side-effects over the last decades. With the exception of rituximab many of 
these therapies have failed to show both similar induction success as well as similar maintenance 
of remission. Methotrexate was limited by a lower remission rate and methotrexate and pulse 
cyclophosphamide had both a tendency towards a higher relapse rate [11-13]. Tailoring therapy 
might improve outcome. The interaction we observed between disease severity and mycophenolate 
mofetil on remission induction suggest that mycophenolate mofetil might be a favorable option for 
patients with lower disease activity i.e BVAS <19, however this was not the primary end point of 
this stuy.  
Our remission rate is a somewhat lower compared to other studies. Several studies did not 
assess remission at six months and in those studies early relapses were not considered treatment 
failure [5, 14]. Remission rates reported in studies including only or primarily MPO-ANCA positive 
patients yielded higher remission rates 76-79% [4, 6, 7]. The majority of our patients were PR3-
ANCA positive and this might have influenced the remission rate. PR3 and MPO-ANCA-associated 
vasculitis are more and more regarded separate entities since recent developments have shown 
that PR3 and MPO-ANCA-associated vasculitis differ in organ involvement, genetic background and 
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prognosis [15]. At the same time as our study, the MYCYC trial initiated by the EUVAS study group 
was conducted. The MYCYC study included newly diagnosed patients and similar to our study, they 
were randomized to cyclophosphamide or mycophenolate mofetil therapy for the induction of 
remission. At this moment, the MYCYC trial was not yet fully published, but abstract publication 
in 2013 showed a similar remission rate of 66% in the mycophenolate mofetil treated group and a 
remission rate of 69% in the pulse i.v cyclophosphamide group [16]. Full-length publication of the 
MYCYC trial is eagerly awaited. 
Our study has severable notable strengths. Our study both considered induction of remission as 
well as disease free survival during an extensive follow-up period. In addition, this study was a 
randomized controlled trial with a fairly large number of patients. Our study had some important 
limitations as well. The study was discontinued prematurely and the calculated power for analysis 
of the primary end point was not reached. 
We did not perform therapeutic drug monitoring of mycophenolate mofetil and the therapeutic 
doses are therefore not known. Previous studies have shown that AAV patients as well as healthy 
individuals exhibit a high interindividual variability with respect to the plasma concentrations of 
mycophenolic acid (MPA), the active metabolite of mycophenolate mofetil [17]. Recently, it was 
demonstrated MPA concentrations were associated with outcome in AAV [18]. Therapeutic drug 
monitoring might therefore be a valuable tool to improve therapy outcome. 
In conclusion, mycophenolate mofetil is an effective treatment for the induction of  remission 
in patients with a PR3 or MPO-ANCA positive vasculitis with a non-life-threatening relapse. 
Mycophenolate mofetil compared to oral cyclophosphamide led to a statistically non-significant 
lower number of patients achieving remission at 6 months and disease free survival at 4 years of 
follow-up was not significantly different. Mycophenolate mofetil is therefore a viable alternative 
to oral cyclophosphamide for the treatment of non-life-threatening relapses of AAV, with the 
exception of patients with a higher BVAS i.e. BVAS >19, as the efficacy of mycophenolate mofetil 
in this subgroup seems significantly lower. Tailoring therapy in combination with therapeutic drug 
monitoring might further improve outcome. 
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Supplementary material

Supplementary table 1. Inclusion sites. 

Inclusion site  Number of included patients

University Medical Center Groningen 47
Maastricht University Medical Center 20
Medisch Centrum Leeuwarden 11
Scheper Ziekenhuis Emmen 2
Ziekenhuis St Jansdal Hardenberg 2
Isala Zwolle 1
Erasmus MC 1

Supplementary figure 1. Disease free survival from study entry to end of four year follow-up. 
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Supplementary table 2. Malignancies during study follow-up. 

Randomization: CYC    
Pancreas carcinoma 4 months  Diagnosis:   Died
  CYC and CS induction, 
  AZA maintenance     
Esophagus carcinoma 2 months  Diagnosis:   Treatment: surgery,
  CYC and CS, 1 relapse recovered without  
  CYC and CS  sequelae (6-10-2016) 
Bladder carcinoma 33 months Diagnosis:   Recovered without
  CYC and CS  sequelae (July 2016) 
Randomization: MMF   
Lung carcinoma 12 months Diagnosis:   Died
  CYC and CS; 
  First relapse: 
  CYC and CS 
Squamous cell carcinoma 49 months Diagnosis:   Recovered without sequelae
  CYC and CS; 
  First relapse: CYC and CS 
Melanoma 6 months Unknown  Alive 9 years after inclusion

Malignancy 
during study

Time after study 
entry diagnosed

Previous 
treatment

Outcome, last 

information (date)
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Summary

Summary
The outlook of ANCA-associated vasculitis patients has substantially improved over the last 
decades. Whereas AAV were first fatal and patients were faced with a severely reduced life span, 
the 5-year survival rate is currently around 80% [1]. This is mainly the result of the introduction 
of cyclophosphamide in addition to glucocorticoids. Despite their fundamental contribution to 
increased survival, both drugs are associated with severe short-term and long-term side-effects. 
Only very few patients will not experience any consequences of their disease and its treatment [2, 
3]. Optimizing treatment to reduce short and long-term damage associated with both disease and 
treatment is essential.   
In chapter 1 ANCA-associated vasculitis is introduced and the important issues in the care of AAV 
patients is discussed. The work in this thesis is focused on two issues regarding ANCA-associated 
vasculitis. In Part 1, the impact of AAV on reproduction and gonadal function are investigated. In 
order to prevent damage, several treatment options to individualize and thereby optimize treatment 
are studied in Part 2. 

Part 1: Consequences of AAV
AAV is primarily diagnosed at older age (mainly beyond the 4th decade) and therefore only a limited 
number of pregnancies in AAV are reported. Many of them were associated with complications 
and poor outcome. In Chapter 2 we report successful outcome for both the mother and the child 
in 22 pregnancies in 14 women diagnosed with AAV, to our knowledge the largest cohort reported 
in literature [4]. All pregnancies resulted in liveborn infants of which 90% in good health. Only 2 
pregnancies ended in preterm delivery. Few complications during pregnancies were observed. We 
conclude that in female patients with AAV, favourable pregnancy outcome might be observed after 
counselling to conceive after at least 1 year of stable remission and no cyclophosphamide exposure 
within 1 year prior to conception.  
In Chapter 3 we studied menopause and primary ovarian insufficiency in women diagnosed with 
AAV [5]. We show that cyclophosphamide is related to earlier menopause and primary ovarian 
insufficiency in a dose- and age-dependent manner. Current treatment protocols reduce, but by no 
means eliminate, ovarian toxicity. When cyclophosphamide is inevitable, cyclophosphamide might 
be used to a cumulative dose of 16 gm., since our data show that  this dose might still give women 
a ‘window of opportunity’ if a child is desired.  Interestingly, both women treated with and without 
cyclophosphamide experienced involuntary childlessness. In women without cyclophosphamide 
exposure, their burden of disease was the main reason not to conceive. This study emphasizes 
the need for non-gonadal toxic treatment in women of childbearing age, but does also clearly 
underlines the need for better disease control, since involuntary childlessness occurred irrespective 
of treatment. 
In male patients with AAV, a concerning lack of knowledge exist with respect to gonadal function. In 
Chapter 4 we show that almost half of the male patients with AAV are to be considered androgen 
deficient. Data suggests that a higher disease burden, for example higher cumulative glucocorticoid 
dose, is inversely associated with the level of testosterone. Physical function was related to 
testosterone, especially in older patients. Fatigue was associated with testosterone, age, C-reactive 
protein (CRP) and the Vasculitis Damage Index. Treating deficient patients with testosterone might 
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improve fatigue and health-related quality of life in some patients with symptomatic androgen 
deficiency. Not screening for androgen deficiency, is a missed opportunity to treat a reversible 
contributing factor to impaired health-related quality of life and fatigue.    

Part 2: Individualized treatment for AAV
In Chapter 5 we discuss the challenges with respect to glucocorticoid withdrawal. Clinical 
experience shows that a considerable number of patients do not tolerate tapering well and a 
considerable part of the patients included in trials with a zero glucocorticoid target fail to reach 
this end-point, and therefore remain glucocorticoid-dependent. We hypothesize that in failure 
to withdraw glucocorticoids, the hypothalamic-pituitary-adrenal (HPA) axis plays a role. The high 
inter-patient variability with respect to tapering and its unpredictable nature might be explained by 
glucocorticoid sensitivity, which embodies a complex interaction between glucocorticoid regulation 
on many cellular and tissue levels. It is conceivable that both the development of side-effects as 
well as therapy efficacy are influenced by glucocorticoid sensitivity. This might result in over- and 
undertreatment of sensitive and resistant patients, respectively. Clearly, in glucocorticoid therapy 
one size does not fit all. We therefore advocate that future glucocorticoid therapy should be tailored 
to individual glucocorticoid sensitivity. 
To further investigate HPA-axis function during glucocorticoid therapy, we present our study 
design and rationale for the CURVE study in Chapter 6: ‘Recovery of the hypothalamic-pituitary-
adrenal axis during glucocorticoid treatment after the induction of remission in ANCA-associated 
vasculitis. Through saliva collection and cortisol measurement we will study HPA-axis recovery. We 
hypothesize that impaired recovery is associated with commonly expressed complaints by patients. 
Patient recruitment is currently ongoing.    
In Chapter 7 we demonstrate the effectiveness and safety of trimethoprim/sulfamethoxazole therapy 
for the induction of remission in localised disease. We show that trimethoprim/sulfamethoxazole 
can induce remission in about two-third of patients and that CRP was a prognostic factor for therapy 
success. Eighty-nine per cent of patients with CRP <12.5 mg/L at start of therapy attained remission. 
We therefore concluded that trimethoprim/sulfamethoxazole can be considered as first-line therapy 
in localised disease if at presentation CRP is low. 
In Chapter 8 the efficacy and safety of mycophonlate mofetil compared to cyclophosphamide 
is investigated in ANCA-positive patients presenting with a nonlife-threatening relapse. In the 
mycophenolate mofetil group a lower remission rate at six months was observed, though this 
difference did not reach statistical significance. There was a significant interaction between 
treatment and disease severity at study entry on successful remission induction. Patients treated 
with mycophonlate mofetil and high disease severity were less likely to attain remission compared to 
patients who received cyclophosphamide. Efficacy of cyclophosphamide appeared to be unrelated 
of disease severity at study entry. After remission was attained, a similar number of relapses 
occurred and at the end of 4 years of follow-up a similar percentage of patients was in remission. 
With this study, we showed that mycophonlate mofetil is a viable alternative for cyclophosphamide 
in relapses with mild to moderate disease severity.  
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General discussion, clinical implications and future perspectives

Consequences of AAV
AAV have changed from fatal diseases into chronic and relapsing diseases. Unfortunately, survival 
came at the expense of short- and long-term damage caused by both the treatment and the 
disease itself. Damage can manifest in every organ and present in the form of impaired quality of 
life or psychological distress. Not frequently occurring, but of major impact on patients’ lives, is the 
effect of disease and treatment on reproductive health. Firstly, the treatment can affect fertility 
and subsequently cause primary ovarian insufficiency. Secondly, both active disease as well as its 
treatment are highly undesirable during pregnancy.  
Cyclophosphamide treatment is associated with early onset of menopause and the occurrence 
of primary ovarian insufficiency (Chapter 3). The results of our cohort study confirmed previous 
studies by showing that cyclophosphamide influenced the onset of menopause in an age- and 
dose-dependent manner. No increased risk of primary ovarian insufficiency was observed in 
cyclophosphamide naïve patients. Contrary to what is expected, also women without previous 
cyclophosphamide exposure were reported to be involuntary childless. The burden of disease was 
the main reason not to conceive. This clearly highlights the need for better disease control and the 
prevention of damage. Gonadal preservation, like oocytes cryopreservation, might be considered in 
young woman who desire a child in the future [6]. However, when prompt therapy is warranted in 
severe disease, these techniques might take too much time or are not possible due to a poor clinical 
condition. As mentioned before, women can be involuntary childless irrespective of treatment. 
Therefore, improving reproductive potential should preferably be attempted by improving disease 
control with non-gonadotoxic therapy.   
In addition to mycophenolate mofetil, which may form a viable alternative to cyclophosphamide 
(see Chapter 8), rituximab could be considered as well. This monoclonal antibody directed against 
B-cell surface antigen CD20, is an attractive alternative to cyclophosphamide, since it does not 
affect ovarian reserve and has therefore not been associated with earlier menopause. Importantly, 
we must keep in mind that on the short-term rituximab was not inferior to cyclophosphamide, but 
long-term experience is scarce [7-9]. Still, rituximab might be considered first-choice in women of 
childbearing age due to the potential benefits in this patient population.  
Pregnancies in women diagnosed with AAV can have favourable outcome for both the mother and 
the child (Chapter 2). With careful management, few complications were observed during and 
after pregnancy and the vast majority of newborns were in excellent health at birth and follow-
up. Our findings are supported by a recent study, that showed excellent outcome of pregnancy in 
women with stable remission as well [10]. In contrast to our study, they found a lower relapse rate 
after delivery. This might be attributable to the higher number of women on maintenance therapy 
in their cohort compared to the low number of women on any medication during pregnancy in 
our cohort. It remains uncertain whether the postpartum period should be regarded a high-risk 
period for relapse. Considering the rarity of events, larger studies conducted within international 
collaboration are needed. Based on the current evidence, initiating therapy for relapse reduction 
post-partum is not indicated, but careful follow-up after delivery is desirable.  
In contrast to these findings, two recent studies reported higher rates of preterm delivery [11, 12]. In 
one study this was driven by medically indicated preterm delivery and in the other study it was self-
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reported. Unfortunately, both studies lack further specification and the exact medical indication is 
unknown. Chen and colleagues also reported a significant higher neonatal and maternal morbidity. 
Both cohorts included patients diagnosed with several forms of systemic vasculitis. With regard to 
pregnancy, systemic vasculitides carry individual risks related to the disease and are therefore not 
fully interchangeable [13].  For example, in Takayasu’s arteritis hypertension, pre-eclampsia and 
intra-uterine growth restriction are frequently observed, in which the nature of disease is thought 
to play a role. Both Behçet’s disease as well as AAV are primarily associated with venous thrombosis, 
whereas large vessel vasculitis is associated with arterial thrombosis and the subsequent occurrence 
of transient ischaemic attacks and stroke [14, 15]. Preferably, analysis of pregnancies should be 
disease specific.   
Rituximab is not associated with gonadal toxicity. In addition, it appears not to be teratogenic or 
embryotoxic in contrast to cyclophosphamide and mycophenolate mofetil [16, 17]. This makes 
rituximab an attractive alternative in women of childbearing age. Rituximab use prior to conception 
did not seem to be related to adverse pregnancy outcome or B-cell depletion in the newborn in 
a small series of women with AAV [18]. Data from the rituximab global safety database showed 
that pregnancy after rituximab treatment resulted in live births in the majority of cases and the 
rate of pre-term delivery was only moderately increased (19%) [16]. Rituximab was indicated for 
severe diseases including haematological malignancies and results might thereby be confounded 
by treatment indication and concomitant medication. 
IgG antibodies, like rituximab, can pass the placental barrier[19]. Rituximab use during established 
pregnancy resulted in higher rituximab levels in the newborn compared to the mother in several 
studies [16]. This can result in fetal B-cell depletion and cytopenias were present in 7 out of 11 
newborns documented in the global safety database. None of the cytopenias was associated with 
infection, but immunosuppression and subsequent infection in the newborn remain a serious 
concern. Complete B-cell reconstitution can take up to 6 months after delivery [20]. Pregnancy is 
therefore still discouraged until 12 months after the last administration of rituximab. The effect of 
rituximab exposure preconception and antepartum on pregnancy and neonatal outcome needs 
further evaluation.   
When a relapse develops azathioprine and glucocorticoids can be used and even cyclophosphamide 
could be used in the second to third trimester as last resort. Current literature is limited on 
rituximab during established pregnancy, but shows good neonatal outcome even in the presence 
of cytopenias. However, the risk of immunosuppression and infection in the newborn should be 
weighed against the benefits of treatment for the mother. Individualized treatment is necessary in 
these rare cases.   
Cyclophosphamide affects male fertility in a dose-dependent manner as well [21, 22]. Azoospermia, 
as a result of damage to the germinal epithelium, is reported in the majority, if not all, men during 
oral cyclophosphamide treatment. This can persist after discontinuation of therapy, resulting in 
infertility [23, 24]. Cryostorage of semen is the easiest approach in men who wish to preserve 
fertility an should always be offered. Other methods, like gonadal tissue cryopreservation are being 
developed [24]. Leydig cell impairment can occur after treatment with cyclophosphamide, but these 
cells appear more resistant than the germinal epithelium. Testosterone levels are normal in many 
patients undergoing cyclophosphamide treatment, and histological evidence does not show Leydig 
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cell toxicity [21]. Higher doses can result in increased levels of luteinizing hormone, suggesting a 
compensation for (partial) cell dysfunction [24]. 
In AAV, the occurrence of male hypogonadism or infertility is rarely reported. One small series 
reported a high prevalence of hypogonadism, but associations with complaints were not assessed 
[25]. We confirmed this finding, by showing that almost half of the male patients in our study is to 
be considered androgen deficient (Chapter 4). Testosterone levels were associated with, amongst 
others, the cumulative glucocorticoid dose prior to this study. High- dose glucocorticoids are known 
to suppress the hypothalamic-pituitary-gonadal axis and our results could be suggestive for a more 
persistent down regulation in part of the patients in remission [26].  
We further showed that testosterone levels were associated with fatigue and health-related quality 
of life. Rationally, impaired health-related quality of life and fatigue cannot be fully explained by 
reduced testosterone levels. Over the last years, studies have clearly shown that fatigue and quality 
of life are determined by multiple bio-psychosocial factors [27, 28]. Interestingly within quality 
of life, fatigue appears one of the most important contributing factors [29]. Androgen deficiency 
could therefore be one of the main contributing factors to impaired health-related quality of life 
and fatigue. Subsequently, testosterone replacement therapy might be indicated in some AAV 
male patients. Although recent concerns about an increased risk of cardiovascular events during 
testosterone replacement therapy might warrant cautious, testosterone itself has been inversely 
associated with cardiovascular risks in large prospective cohort studies [30-32]. The study of Basaria, 
that showed an increased cardiovascular risk during testosterone replacement therapy, had some 
methodological concerns and the severity of androgen deficiency was questionable. Subsequent 
treatment resulted in high-normal to supraphysiological testosterone levels. This is not in line with 
the recommendations of the Endocrine Society Guideline [33]. 
A multi-factorial problem demands a multi-factorial approach. Psycho-social interventions and 
physical therapy could be considered besides optimal control of disease. However, our study showed 
that not screening for androgen deficiency could be a missed opportunity to treat a contributing 
factor. Hence, prospective intervention studies investigating the effect and safety of testosterone 
replacement therapy are warranted.

Individualized treatment of AAV
Key to (future) management in vasculitis patients is improving disease control with agents exerting 
limited toxicity and minimum side-effects. This will minimize the development of damage, 
comorbidities and may reduce the impact of disease and treatment on patients’ lives. 
As already discussed in the introduction, many attempts to replace cyclophosphamide or reduce 
the cumulative dose have been undertaken [7, 8, 34-38]. However, cyclophosphamide has shown 
to be one of the most potent drugs in the treatment of AAV. The main motivation for replacing 
cyclophosphamide was its association with serious long-term side-effects as malignancies, gonadal 
failure and bone marrow depression [39-42]. However, several reports including our own study on 
the onset of menopause showed that the majority of side-effects are (cumulative) dose-dependent. 
The shortening of standard induction regimes have led to a reduction in the incidence of primary 
ovarian insufficiency (Chapter 3). In addition, cumulative cyclophosphamide dosages up to 36 
grams were not associated with an increased risk of malignancies, except for non-melanoma skin 
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cancer [5, 39, 40]. We might wonder whether replacement of cyclophosphamide should be the 
ultimate goal or finding additional treatment options and tailoring therapy?  
Two potential treatment options were studied in this thesis. Trimethoprim/sulfamethoxazole was 
investigated as induction treatment in patients with localised disease (Chapter 7). Mycophenolate 
mofetil was studied as induction treatment in patients with a non-life-threatening relapse of AAV 
(Chapter 8). Both treatment options have shown efficacy in small studies and case series, but larger 
studies are needed to explore their role in the treatment of AAV [38, 43-50]. 
Trimethoprim/sulfamethoxazole, a double-drug folate antagonist, was shown to be effective in a 
substantial part of patients diagnosed with localised disease (Chapter 7). Therapy effectiveness 
was highest among patients with a low CRP, reflecting low systemic inflammation. Trimethoprim/
sulfamethoxazole could therefore be considered first-line therapy in these patients with very limited 
disease. 
The observations that concomitant treatment with trimethoprim/sulfamethoxazole reduces the 
incidence of relapses, also supports an effect of this agent on the course of disease [51]. A reduction 
of the incidence of infections might be one of the mechanisms of action of this antibiotic agent. 
Several studies have linked infections to autoimmunity, including studies in AAV [52-54]. In addition, 
it has been shown that Staphylococcus aureus carriers have an increased risk of relapse [55]. 
Assuming that infections play a role in triggering the onset of disease or disease relapses, it would 
be interesting to study whether other antibiotics, for example nasal mupirocin, would show similar 
results. Besides the infection hypothesis, studies have shown that trimethoprim/sulfamethoxazole 
exerts anti-inflammatory effects, which might attenuate or dampen inflammation [56-58]. The 
exact mechanism of action of this drug in AAV remains to be elucidated and larger comparative, 
prospective trials should be conducted to establish the role of trimethoprim/sulfamethoxazole 
induction therapy in localised AAV. 
Mycophenolate mofetil was studied for the induction of remission in non-severe relapses in ANCA-
positive patients (Chapter 8).  Mycophenolate mofetil induced remission in a substantial part of the 
patients, but was inferior to oral cyclophosphamide in case of severe disease. After remission was 
achieved, relapses developed in a similar proportion of patients of both groups. At 4 years of follow-
up a similar percentages of patients was in remission. One could opt to only treat patients with 
mycophenolate mofetil, when initial disease is mild or moderate (i.e. BVAS<19). Based on these 
findings, it is tempting to speculate that this approach could improve treatment outcome. 
At the same time as our study, mycophenolate mofetil was studied for the induction of remission 
in newly diagnosed patients. Results have only been presented in abstract form, but the remission 
rate with mycophenolate mofetil was similar compared to our study [59].  
The rationale for tailoring glucocorticoid therapy has extensively been discussed in chapter 5 of 
this thesis. In short, glucocorticoids can cause severe short- and long-term toxicity and contribute 
the high levels of damage observed in AAV patients. Despite this association, many patients remain 
glucocorticoid-dependant for years for unclear reasons [60].  
During tapering a high inter-patient variability with respect to tapering is observed. Whereas some 
patients tolerate tapering well, others do not and experience various non-specific complaints. These 
tend to resolve quickly after increasing the glucocorticoid dose. Whether this could be attributed 
to disease activity or other causes should be investigated. We hypothesized that a delayed recovery 
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of the hypothalamic-pituitary-adrenal axis could be related to the occurrence of these complaints. 
We further hypothesized that the high inter-patient variability with respect to tapering and 
the occurrence of side-effects could be explained by differences in glucocorticoid sensitivity. 
Glucocorticoid availability is regulated on many cellular and tissue levels and small variations in the 
regulation might eventually result in larger effects in the end [61]. Several genetic polymorphisms 
have been demonstrated to predispose patients to a more sensitive or resistant glucocorticoid 
profile. Already, clinical outcomes have been associated with polymorphisms encoding for the 
glucocorticoid receptor or enzymes regulating glucocorticoid availability at tissue levels [62-65]. 
With increasing use of genetic analyses, a composite of individual sensitivity might be incorporated 
in clinical practice in future. Whether this approach would lead to less side-effects and higher 
treatment efficacy remains to be addressed. But is tempting to speculate that individualized 
treatment might improve both efficacy and safety.  
Currently, the PEXIVAS trial aims to investigate whether a reduced dose glucocorticoid regimen 
could be safely used to prevent side-effects, including infections without undermining treatment 
efficacy [66]. This large randomized controlled trial will presumably add to the current discussion 
on glucocorticoids. Whether or not on population level outcomes may improve, a future fine-tuning 
based on sensitivity would be physiologically most sound.    
We might wonder, are there any new agents on the horizon? Amongst others, the complement 
C5a  inhibitor CCX168 is being studied as an agent to replace or reduce the dose of glucocorticoids 
as concomitant therapy in patients with renal disease (NCT02222155) [67]. CCX168 prevents the 
expression of adhesion molecules and migration of neutrophils and other immune competent cells 
by chemotaxis. Preliminary results of a small phase 2 trial showed that CCX168 appeared to be at 
least as effective, if not, more effective than glucocorticoids alone [68]. Larger trials are currently 
underway.   
In line with our search for less toxic treatment in non-severe relapsing disease, others report 
promising results with the use of abatacept (CTLA4-Ig) in a small open-label study [69]. A high 
number of patients achieved remission and prednisolone could be withdrawn in a substantial 
part of the patients. Currently, a randomized trial is being conducted to compare abatacept with 
methotrexate in this patient population (NCT02108860). 
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Conclusion
ANCA-associated vasculitides have changed from fatal diseases into chronic, relapsing conditions. 
Nowadays, the outlook of patients is mainly determined by the development of relapses, 
comorbidities and damage. This thesis clearly demonstrated the consequences of both disease 
and treatment, and underlines the need for less toxic agents and better disease control. Expanding 
treatment options is of major importance, but will not suffice. Tailoring of therapy on individual 
sensitivity, disease and patient characteristics should ultimately result in improved efficacy, less 
disease and treatment-related damage, and improved quality of life. In ANCA-associated vasculitis, 
one size does not fit all. 
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Vasculitis betekent letterlijk een “ontsteking van bloedvaten”. Vasculitis kan worden veroorzaakt 
door vele factoren, waaronder medicatie, een infectie of een stoornis in het afweersysteem, ook 
wel een auto-immuunziekte genoemd. In veel situaties is er echter geen oorzaak aan te tonen. 
ANCA-geassocieerde vasculitis is een auto-immuunziekte. 
In een gezonde toestand zorgt het afweersysteem ervoor dat ziekte wordt voorkómen door 
schadelijke bacteriën en virussen op te sporen en onschadelijk te maken. Bij celverval ruimt het 
afweersysteem de oude cellen op zonder hierbij een ontstekingsreactie op te wekken. Bij een auto-
immuunziekte ziet het afweersysteem onderdelen van het eigen lichaam als schadelijke indringers 
en brengt hiertegen een afweerreactie op gang. In het geval van ANCA-geassocieerde vasculitis 
reageert het lichaam tegen eiwitten van de neutrofiele granulocyten (neutrofielen), die onderdeel 
zijn van het afweersysteem. Neutrofielen helpen bij het opruimen van bacteriën en virussen 
door gebruik te maken van de eiwitten proteinase 3 (PR3) en myeloperoxidase (MPO). Bij ANCA-
geassocieerde vasculitis worden antistoffen geproduceerd tegen deze eiwitten. Deze antistoffen 
worden AntiNeutrofiele Cytoplasmatische Antistoffen (ANCA) genoemd. Hier dankt de ziekte zijn 
naam aan. Geactiveerde neutrofielen hechten aan de binnenbekleding van met name de kleine 
bloedvaten, waardoor de auto-immuunreactie met name rond deze kleine bloedvaten leidt tot een 
ontstekingsreactie en vasculitis.  

ANCA-geassocieerde vasculitis kan verspreid door het hele lichaam vóórkomen en verschillende 
weefsels en organen treffen. Van patiënt tot patiënt kan dit leiden tot zeer uiteenlopende 
symptomen in verschillende mate van ernst. Frequent zijn de neus, de longen en de nieren 
betrokken in het ziekteproces, maar ook de ogen, huid en het zenuwstelsel kunnen betrokken zijn. 
In ernstige gevallen is er noodzaak tot beademing of nierfunctievervangende therapie zoals dialyse 
of niertransplantatie. Bij een kleine minderheid beperken de klachten zich tot het neusgebied en 
zijn andere organen, zoals de nieren en de longen niet aangedaan. 

De behandeling van uitgebreide ziekte bestaat uit middelen die het afweersysteem onderdrukken. 
Eén daarvan is cyclofosfamide. Dit middel onderdrukt helaas niet alleen specifieke cellen in het 
afweersysteem, maar onderdrukt ook beschermende afweercellen en beschadigt gezonde weefsels 
in andere organen. Recent is rituximab een goede alternatieve behandelingsoptie gebleken. Dit 
middel zou minder schadelijke gevolgen kunnen hebben op de lange termijn, maar langdurige 
onderzoeken moeten dit nog bevestigen. Gelijktijdige behandeling met prednisolon vindt bijna 
altijd plaats. Dit middel zorgt ook voor onderdrukking van het afweersysteem en heeft helaas ook 
veel bijwerkingen. 

Op dit moment is ANCA-geassocieerde vasculitis voor veel patiënten een chronische ziekte die 
soms kan recidiveren. Met bovengenoemde medicijnen is de ziekte veelal wel tot rust te brengen 
(remissie), soms zelfs vele jaren. Bij andere patiënten recidiveert de ziekte frequent en zijn hoge 
doseringen medicijnen en langdurige behandeling noodzakelijk. 
De gevolgen van zowel de ziekte als de behandeling zijn aanzienlijk. Tegenwoordig overleeft tot 
wel 85% van de patiënten de eerste vijf jaar, maar vroege herkenning blijft hierbij essentieel. 
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Aantasting van de bloedvaten kan onherstelbare schade aanrichten aan de nieren, de longen, het 
KNO-gebied en vele andere organen. Ook de behandeling met bijvoorbeeld cyclofosfamide en 
prednisolon geven veel bijwerkingen en schade op lange-termijn. Cyclofosfamide kan bij mannen 
en vrouwen zorgen voor onvruchtbaarheid en het verhoogd de kans op verschillende vormen van 
kanker aanmerkelijk. Prednisolon kent op korte termijn vele bijwerkingen, zoals slaapproblemen en 
ontregeling van de suikerhuishouding. Op langere termijn kan het bijdragen aan het ontstaan van 
suikerziekte, hoge bloeddruk en gewichtstoename. Zowel cyclofosfamide als prednisolon verhogen 
de kans op infecties, wat voor patiënten met een onderdrukt afweersysteem aanzienlijk risico’s met 
zich mee kan brengen.

Dit proefschrift

Om de schadelijke gevolgen van zowel de ziekte als de behandeling te kunnen verminderen, is 
meer inzicht nodig in de ontstaanswijze van deze gevolgen en de bijdragende factoren. Tevens 
dient er gezocht te worden naar alternatieve behandelingen of betere afstemming van huidige 
behandelingen, waardoor over- en onderbehandeling zoveel mogelijk wordt voorkómen. In 
het eerste deel worden de gevolgen van de ziekte en de behandeling voor vruchtbaarheid en 
zwangerschap bij vrouwen en kwaliteit van leven in relatie met testosteron bij mannen onderzocht. 
Deel twee richt zich met name op het vinden van beter afgestemde behandelingen. 

In hoofdstuk 2 beschrijven we 22 zwangerschappen bij veertien vrouwen met ANCA-geassocieerde 
vasculitis. In tegenstelling tot wat tot nu toe bekend is, verlopen deze zwangerschappen vrijwel 
ongecompliceerd voor zowel de moeder als het kind. Waarschijnlijk is remissie een belangrijke 
voorwaarde voor een dergelijke goede uitkomst. De literatuur laat zien dat het aantal complicaties 
aanzienlijk hoger ligt bij vrouwen die actieve ziekte hadden vlak voor of gedurende de zwangerschap. 
Onze studie is de grootste beschreven groep tot op heden en draagt daarom bij aan een beter 
inzicht in het verloop van deze zwangerschappen en helpt bij de overwegingen ten tijde van een 
kinderwens van een patiënte met ANCA-geassocieerde vasculitis. 

Hoofdstuk 3 beschrijft het effect van de behandelingen op het intreden van de menopauze. Wij 
bevestigen dat vrouwen die behandeld zijn met cyclofosfamide eerder menopauzaal zijn dan 
vrouwen die niet behandeld zijn met cyclofosfamide. De dosis die vrouwen hebben gekregen en de 
leeftijd waarop ze zijn behandeld blijken van invloed op het tijdstip van de menopauze. Vrouwen 
behandeld met een lagere dosis komen later in de menopauze dan vrouwen behandeld met een 
hogere dosis. Jonge vrouwen zijn relatief beschermd tegen het effect van cyclofosfamide, terwijl 
de menopauze direct aanvangt na het starten van de behandeling bij elke vrouw van 44 jaar of 
ouder ongeacht de dosis. Wanneer mogelijk dient een behandeling met cyclofosfamide te worden 
voorkómen bij jonge premenopauzale vrouwen. Wanneer dit toch noodzakelijk is, dan lijken 
jonge vrouwen die zijn behandeld met een normale therapeutische dosering cyclofosfamide een 
redelijk lange periode tot de menopauze te hebben en hebben zij mogelijk zelfs na cyclofosfamide 
behandeling een relatief goede kans op een zwangerschap. 
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De relatie tussen vermoeidheid en verminderde kwaliteit van leven met testosteron bij mannen 
die zijn behandeld voor ANCA-geassocieerde vasculitis hebben we onderzocht in hoofdstuk 4. Veel 
van de onderzochte mannen voldeden aan de criteria voor androgeen deficiëntie, wat betekent dat 
zij een verminderde hoeveelheid mannelijke hormonen produceerden. Deze studie liet zien dat er 
een verband lijkt te zijn tussen een verminderde hoeveelheid testosteron en vermoeidheid en een 
lagere kwaliteit van leven. Wij denken daarom dat dit mogelijk één van de bijdragende factoren 
is voor de lage kwaliteit van leven en vermoeidheid in deze groep patiënten. Of behandeling 
van androgeen deficiëntie met testosteron daadwerkelijk zal leiden tot minder klachten, zal nog 
onderzocht dienen te worden. 

In hoofdstuk 5 beschrijven we onze visie met betrekking tot de afstemming van de prednisolon 
behandeling op de individuele patiënt. Prednisolon is een afweeronderdrukkend medicijn dat de 
eigen hormoonproductie in de bijnieren van met name cortisol onderdrukt. Indien remissie is 
bereikt, kan het middel niet plotseling worden gestopt, omdat de eigen hormoonproductie nog een 
tijd onderdrukt kan zijn. Plotseling stoppen kan tot levensbedreigende tekorten van cortisol leiden. 
Prednisolon wordt om die reden geleidelijk afgebouwd. Toch blijkt het afbouwen bij veel mensen 
gepaard te gaan met klachten en symptomen. Een zeer sterke individuele reactie wordt hierbij 
gezien. Waardoor deze individuele verschillen worden veroorzaakt, is tot op heden niet bekend. 
Dit patroon van individuele gevoeligheid zien wij ook bij het optreden van bijwerkingen. Waar 
sommige patiënten bij een hele korte duur en lage dosering al veel bijwerkingen ervaren, blijken 
andere mensen relatief resistent tegen de nadelige gevolgen van het middel. In dit hoofdstuk zetten 
wij uiteen op welke niveaus de hormoonregulatie van cortisol beïnvloed wordt en hypothetiseren 
wij welke invloed individuele regulatie heeft op de individuele gevoeligheid en wat dat voor 
mogelijke consequenties heeft voor de huidige behandeling. Tevens veronderstellen wij dat deze 
kennis op termijn kan leiden tot een behandeling die is afgestemd op het individu aan de hand van 
het individuele gevoeligheids-patroon. Dit zou in theorie tot minder bijwerkingen en een betere 
effectiviteit van de behandeling leiden. 

In hoofdstuk 6 beschrijven we onze studieopzet om het herstel van de stresshormoon-as, waar 
cortisol onder valt, tijdens het afbouwen van prednisolon te bestuderen. Op verschillende 
momenten tijdens het afbouwen van de prednisolon wordt op meerdere tijdstippen per dag het 
cortisol gehalte in speeksel gemeten. Hierdoor zal het herstel van deze as inzichtelijk worden. Ook 
worden klachten en symptomen tijdens deze periode vastgelegd, waardoor ook een mogelijke 
relatie tussen een vertraagd herstel van de stress-as en het ontstaan van klachten gedurende het 
afbouwen, ontrafeld kunnen worden. 

In hoofdstuk 7 onderzoeken we de mogelijkheid om trimethoprim/sulfamethoxazole, een 
antibioticum, te gebruiken voor het induceren van remissie bij patiënten met een enkel 
betrokkenheid van het KNO-gebied . Het blijkt dat een groot gedeelte van de mensen met deze 
behandeling in remissie komt. Daarmee is een behandeling met schadelijkere middelen voorkómen. 
Het bleek dat het C-reactieve proteïne (CRP), een laboratoriumwaarde voor ontsteking, bij aanvang 
van de behandeling succes voorspelt. Mensen met een laag CRP bleken vaker in remissie te komen, 
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dan mensen met een hoog CRP. Daarom adviseren wij deze behandeling te overwegen bij mensen 
met een beperkte vorm van de ziekte en een laag CRP.  

In hoofdstuk 8 vergelijken we mycophenolaat mofetil met cyclofosfamide, beide in combinatie 
met prednisolon, voor inductie van remissie bij recidiverende ziekte bij patiënten met ANCA-
geassocieerde vasculitis. De studie laat zien dat patiënten die zijn behandeld met mycophenolaat 
bijna net zo vaak in remissie komen vergeleken met patiënten die met cyclophosphamide zijn 
behandeld. Wel zien we dat mycophenolaat minder vaak remissie induceert bij patiënten met 
zeer ernstige ziekteactiviteit in vergelijking met mensen met mildere ziekteactiviteit. Omdat 
de studie minder deelnemers had dan aanvankelijk voorgenomen, moeten deze resultaten met 
enige voorzichtigheid worden geïnterpreteerd. Onze resultaten geven zeker aanwijzingen dat 
mycophenolaat een alternatief kan zijn, waarbij dit mogelijk beperkt zou moeten blijven tot 
patiënten met milde tot matige ziekteactiviteit. Deze observaties zullen in vervolgstudies moeten 
worden bevestigd. 

Conclusie en toekomst perspectief

De toekomst van vasculitis patiënten is in de laatste 50 jaar drastisch veranderd. Waar deze ziekte 
vroeger bijna onvermijdelijk tot de dood leidde, overleeft nu meer dan 85% van de patiënten de 
eerste vijf jaar. Deze verandering heeft echter geleid tot nieuwe uitdagingen. Zowel de ziekte als 
de behandeling geven schade op de korte en de lange termijn. Deze gevolgen kunnen aanleiding 
geven tot een sterk afgenomen levenskwaliteit en noodzaak tot medicatie of behandeling. De 
huidige uitdaging ligt dan ook op het gebied van het voorkómen en behandelen van deze gevolgen 
zonder de effectiviteit van de huidige behandeling te verliezen. Onderzoek en kennis van vroege 
ziekteherkenning, inzicht in de bijdragende factoren en ontstaanswijze van schade en onderzoek 
naar minder schadelijke medicijnen zijn hiervoor onontbeerlijk. In dit proefschrift laten we zien 
dat er weldegelijk verbetering is in de toekomst van ANCA-geassocieerde vasculitis patiënten. 
Waar de literatuur veel complicaties gedurende de zwangerschap beschrijft, laten wij zien dat 
met de juiste voorzorgsmaatregelen de uitkomst zeer goed kan zijn. Verder laten wij zien dat de 
hedendaagse doseringen van cyclofosfamide bij met name jonge vrouwen niet direct zal leiden 
tot de menopauze en er zeer waarschijnlijk later mogelijkheden zijn voor zwangerschap. Tevens 
vonden wij een mogelijk bijdragende factor, namelijk androgeen deficiëntie, voor de verminderde 
kwaliteit van leven en hoge mate van vermoeidheid bij mannen met ANCA-geassocieerde vasculitis. 
Verder onderzoek zal moeten laten zien in hoeverre behandeling hiervan bijdraagt aan verbetering. 
In het tweede deel van dit proefschrift onderzoeken we diverse mogelijkheden als alternatief voor 
cyclofosfamide. Zowel het gebruik van mycofenolaat mofetil als trimethorpim/sulfamethoxazole 
laten bemoedigende resultaten zien. Ook doen wij verder onderzoek naar de optimalisatie van de 
prednisolonbehandeling om met een beter afgestemde behandeling de nadelige gevolgen van dit 
middel te beperken. Verdere studies op deze gebieden zullen onvermijdelijk leiden tot meer kennis 
en inzicht. Daarnaast zou ik willen stellen dat de toekomst niet alléén ligt in het voorkómen en 
behandelen van de gevolgen van deze ernstige ziekte. Ik heb er vertrouwen in dat het fundamentele 
onderzoek ooit zal leiden tot de sleutel tot het ontstaan van deze ziekte en dat genezing een reële 
doelstelling mag worden voor elke patiënt.  
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Met de lente buiten in aantocht, zet ik dan nu toch echt de laatste letters van mijn proefschrift op 
papier. Wat een fijn gevoel om terug te kunnen kijken op een hele bijzondere periode waarin ik 
niet alleen heel veel heb geleerd, maar ook het geluk heb gehad heel veel inspirerende mensen te 
mogen ontmoeten. Ook vrienden en familie die het promotietraject vanuit een ander perspectief 
hebben meebeleefd, hebben veel voor mij betekend. Ik wil daarom nu graag iedereen bedanken 
die, in welke vorm dan ook, heeft bijgedragen aan het tot stand komen van dit proefschrift. 

Allereerst wil ik graag de vasculitispatiënten bedanken voor hun tijd en de inspanningen die zij 
hebben geleverd voor de studies in dit proefschrift. Met name de deelnemers van de CURVE studie 
ben ik erg dankbaar, ik realiseer mij goed dat we veel van jullie vragen.  

Dit proefschrift zou ook zeker niet tot stand zijn gekomen zonder de toegewijde begeleiding van 
mijn promotor prof. dr. C.A. Stegeman en co-promotoren, dr. J.S.F. Sanders en dr. A.P. van Beek.

Beste Coen, wat heb ik veel van jou geleerd. Wat begon als een kennismaking met de wetenschap 
heeft uiteindelijk onder jouw toeziend oog geleid tot dit proefschrift. Je kritische blik, enorme 
deskundigheid en nauwkeurige manier van de manuscripten beoordelen hebben een grote bijdrage 
geleverd aan mijn ontwikkeling als onderzoeker. Later in het traject werd ik wellicht wat zelfstandiger/ 
eigenwijzer, maar altijd kon ik vertrouwen op jouw begeleiding en feedback. Naast een gedreven 
wetenschapper, ben je minstens zo’n toegewijde dokter, daar heb ik veel bewondering voor. Voor 
jou zou een dag minstens 25 uur moeten tellen en ik ben dan ook erg dankbaar dat je altijd wel 
wat tijd wist te vinden om mij uit de brand te helpen met mijn meest prangende vragen. Onze 
gesprekken gingen menigmaal niet over de wetenschap en ik waardeer je adviezen en wijze raad 
enorm. Aan onderzoeksideeën geen gebrek, dus wie weet krijgt dit promotietraject nog wel een 
vervolg. Coen, heel erg bedankt voor de fijne begeleiding. 

Beste Jan-Stephan, wat was het fijn om met jou samen te mogen werken. Jouw onuitputtelijke 
enthousiasme en optimisme hebben mij vele malen doen beseffen dat het allemaal wel goed 
ging komen. Waar ik vaak een groot probleem zag, was voor jou de oplossing nooit ver weg. Onze 
wekelijkse afspraken waarin we zo elk probleem toch weer wisten op te lossen hebben mij elke 
keer weer positieve energie gegeven om vol goede moed verder te gaan. Met dit proefschrift in 
mijn hand kan ik nu zeggen: je had helemaal gelijk, de eindstreep is gehaald! Bedankt voor de fijne 
samenwerking. 

Beste André, je bent net iets later ingestapt, maar onmisbaar gebleken gedurende mijn 
promotietraject. Ik waardeer jouw snelle feedback, constructieve ‘brainstormsessies’ en actieve 
bijdrage aan de manuscripten enorm. Samenwerken aan een artikel was erg prettig en elk overleg 
resulteerde in nieuwe en inspirerende ideeën. Ook in tijden van keuzestress had jij altijd een goed 
advies paraat. Bedankt dat je deel hebt willen uitmaken van het promotieteam.  

I would like to thank the members of the dissertation reading committee, prof. dr. R. Luqmani, prof. 

Dankwoord

D
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dr. P.M. ter Wee and prof. dr. B.H.R. Wolffenbuttel for their time and effort they have invested into 
critically reading and evaluating this thesis. 

De manuscripten in het proefschrift zijn uiteraard niet alleen geschreven. Ik wil graag alle co-auteurs 
bedanken voor hun expertise, kundigheid en samenwerking bij het analyseren van de resultaten en 
het schrijven van de manuscripten. 

Ook de nefrologen en nefrologen in opleiding ben ik zeer dankbaar voor hun adviezen en 
medewerking aan verschillende studies beschreven in dit proefschrift. 

Naast de nefrologie heb ik ook samen mogen werken met de reumatologie en heb ik deel uit mogen 
maken van het Vasculitis Expertise Centrum. Ik wil iedereen dan ook hartelijk danken voor hun 
feedback en hulp bij de beschreven studies. Daarnaast wil ik iedereen bedanken voor de gezelligheid 
tijdens de ANCA Workshops.

Veel dank gaat uit naar Wendy van Dam en Theo Bijma voor hun onmisbare hulp bij het verwerken 
van de CURVE samples op het lab. Ik kan met zekerheid stellen dat zonder jullie hulp de CURVE 
studie niet had kunnen starten. 

Een MD/PhD programma heeft voor- en nadelen. Lopende studies combineren met co-schappen is 
een hele uitdaging. Ik prijs mezelf dan ook zeer gelukkig dat ik de onmisbare hulp van Ellis Herder 
heb gekregen bij het uitvoeren van de CURVE studie. Ellis, ontzettend bedankt voor jouw tomeloze 
inzet, enthousiasme en deskundigheid. 

Winie, ontzettend bedankt voor jouw onmisbare hulp en ondersteuning, maar ik wil je vooral ook 
bedanken voor alle gezelligheid die jij met je meebrengt bij de nefrologie. 

‘Alleen ga je sneller, samen kom je verder’. Onmisbaar in mijn hele promotietraject waren mijn 
collega’s. Hulp bij statistiek, discussies over analyses en het bespreken van manuscripten hebben 
allemaal bijgedragen aan nieuwe inzichten en ideeën. Daarnaast zorgden koffie drinken, discussiëren 
over politiek of een korte blik op de Olympische Spelen voor de perfecte afleiding als ik, of de 
computer, het even niet meer zag zitten of de resultaten weer eens net niet significant waren. Ik 
ben dan ook heel blij met de grote hoeveelheid collega’s die ik tijdens mijn promotietraject heb 
mogen leren kennen. 
Captain Jelmer, wat heb ik genoten van jouw scherpe humor, nautische grappen en 
dubbelzinnigheden. Ik heb veel bewondering voor jouw toewijding, arbeidsethos en gave om 
voor elke studie een enigszins dubieuze naam te verzinnen. Bedankt voor de gezellige tijd als 
kamergenoot! Harmke, ook jij bedankt voor de gezelligheid op onze kamer op de Brug. De manier 
waarop jij het onderzoek met je privéleven weet te combineren vind ik bewonderingswaardig. Mijn 
buren op de Brug. Ineke, bedankt voor je hulp en geduld bij mijn vragen over de statistiek, maar 
meer nog voor de gezelligheid, etentjes en koffiemomenten buiten het werk. Met jouw uiterst 
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Dankwoord

D

kritische blik kan jij niet anders dan een geweldige klinisch chemicus worden. Ik hoop dat wij nog 
eens collega’s worden! Nicole, net als Ineke een statistiekvraagbaak, heel erg bedankt voor je hulp 
en gezelligheid. Jouw ontzettende motivatie om alles te weten en te leren zijn erg inspirerend! 
De slotformatie in mijn tijd op de Brug, Antonio, Dorien, Gerald, Maarten en Michele, bedankt 
voor al jullie gezelligheid, statistiekadvies, heerlijke Italiaanse recepten, klusverhalen, politieke 
discussies en de steun bij die laatste loodjes. Ik heb ontzettend genoten van jullie gezelschap en kijk 
uit naar de dag dat jullie promoveren! Ik heb nog niet eens de helft van de collega’s en activiteiten 
benoemd, want ook lunchen, volleyballen, borrelen en Sinterklaas vieren met alle collega’s zorgde 
voor een ontzettend leuke tijd bij de nefrologie. Anne-Marijn, Annet, Arjan, Arno, Charlotte, Coby, 
Debbie, Dineke, Edwin, Elise, Else, Esmee, Heleen, Ilse, Irina, Isidor, Joline, Laura Harskamp, Laura 
de Vries, Lianne, Lieneke, Louise, Lyanne, Lucia, Marco, Marieke, Maryse, Michel, Niek, Rosa, 
Sarah, Solmaz, Stephanie, Suzanne, Wendy, Willem, Yusof, allemaal heel erg bedankt. Arno, mijn 
mede-vasculitisonderzoeker, ik hoop dat onze gezamenlijke inspanningen gaan leiden tot prachtige 
onderzoeksresultaten. 
Tsjitske, voor jouw nog een apart woordje als oud-collega en oud-huisgenoot. Een fijn thuis is 
minstens zo belangrijk als leuk werk. Thee, wijn, lekker eten en spelletjes (in willekeurige volgorde) 
hebben veel gezelligheid gebracht in Huize Tuin & Toering. Ik heb me erg thuis gevoeld in Enschede. 
Heel erg bedankt!  

Me thuis voelen in een nieuwe stad was ook nog nooit zo leuk en makkelijk na het ontmoeten 
van mijn nieuw coachgroep in het Medisch Spectrum Twente in Enschede. Casper, Daisy, Ellen, 
Jelle, Lieve, Marjolein, Naomi, Natasja, Thomas, Wineke en Wouter, heel erg bedankt voor alle 
gezelligheid.   

Marjory en Petra, commissiegenoten vanaf mijn eerste jaar bij Tjas. Onze vergaderingen gingen 
vloeiend over in etentjes, fietstochten en zelfs een fietsweekend en ik vind het heel waardevol 
dat wij elkaar nog steeds zien. Petra, je begeeft je niet in de medische wereld, maar je toont altijd 
veel interesse voor het onderzoek en alle voor- en tegenslagen. Je frisse blik en positieve instelling 
waardeer ik enorm. Marloes en Edwin, vrienden en MD/PhD lotgenoten, ondanks onze volle 
agenda’s, blijven we nog steeds op de hoogte van elkaars wel en wee. Jullie hebben de eindstreep 
inmiddels ook in zicht! Ik kijk uit naar de dag dat ook jullie je proefschrift mogen verdedigen. 

Janty, bedankt voor jouw mooie design en je interesse in mijn onderzoek. Jij maakte bij elk hoofdstuk 
een passende illustratie en wat zijn ze mooi geworden. Ik ben heel trots op het resultaat!   

Mijn Groningse vrienden kunnen natuurlijk niet in dit rijtje missen! Lieve Hermien, Aniek, Jan 
Saminna, Stefan (ja, ook Brabanders worden hier nu toegerekend), Manouk en Martijn, wat ben ik 
blij met onze hechte vriendschap. Ik geloof dat we inmiddels niet verder uit elkaar kunnen wonen 
binnen Nederland, maar ondanks die afstand weten we elkaar altijd weer te vinden. Voor feestjes, 
carnaval, weekendjes weg, maar ook in moeilijke tijden staan jullie altijd paraat. Manouk, hoe vaak 
heb ik jou wel niet aan de telefoon gehad voor support en wijze raad? Ook voor koffie en gezelligheid 
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ben jij altijd te porren, ik prijs mezelf erg gelukkig met jou als vriendin. Saminna, alles waar jij je voor 
inzet, bereik je. Ik bewonder je enorme doorzettingsvermogen en ben heel trots op je. Dank voor 
al je steun tijdens mijn promotie. Aniek, misschien wel de nuchterste van ons allemaal. Jij laat jezelf 
niet gek maken en weet dit ook altijd op mij over te brengen. Heel erg bedankt voor je vriendschap 
en support! Allen heel erg bedankt voor jullie vriendschap! 

Graag wil ik mijn paranimfen bedanken dat zij hier vandaag op deze bijzondere dag naast mij staan. 
Lieve Marjory, het is al 7 jaar geleden dat wij elkaar leerden kennen. We bewandelen inmiddels 
een vergelijkbaar pad, want ook jij bent het avontuur aangegaan om een promotie te doen. Met je 
doorzettingsvermogen en heerlijke Twentse nuchterheid maak jij van alles een succes. Ik heb er alle 
vertrouwen in dat ook jij hier straks vol trots zal staan!
Lieve Hermien, na meer dan tien jaar vriendschap, waarvan we meer dan zes jaar hebben 
samengewoond, is het niet zo gek dat we af en toe lijken op een getrouwd stel. Je kent me als geen 
ander en hebt me ook tijdens mijn promotie meer dan eens geadviseerd meer rust te nemen en 
meer te ontspannen. Gelukkig ben jij ook altijd in voor een drankje. Ik ben blij dat je het al die tijd 
met mij hebt uitgehouden, want dat was met mij als stressvogel toch niet altijd makkelijk. Al zien we 
elkaar nu helaas minder dan voorheen, bij jou voel ik me direct weer thuis. Ik waardeer je moed en 
zelfstandigheid, jij doet wat je wilt en reist net als ik graag de hele wereld rond. Ik vind het een hele 
eer dat jij vandaag hier naast mij staat.     

Lieve schoonfamilie, bedankt voor jullie interesse in mijn werk en onderzoek en bovenal bedankt 
voor jullie warme welkom in de familie. 
 
Lieve pap en mam, ook al verandert het leven als je niet meer onder één dak woont, voor mij zijn 
jullie nog altijd even belangrijk. Zo staan jullie altijd paraat bij allerlei praktische zaken, zoals klussen, 
verven en verhuizen, maar zijn jullie bovenal een luisterend oor. Jullie onvoorwaardelijke steun en 
liefde draag ik altijd bij mij. Ik weet dat ik in mooie en moeilijke tijden altijd bij jullie aan kan kloppen 
en met dat in mijn achterhoofd durf ik elk avontuur aan. 
Lieve opa, wat vind ik het ontzettend waardevol dat wij dit moment samen mee mogen maken en 
ik hoop dat er nog vele mooie momenten zullen volgen. 
Lieve Annemarie, Astrid en Marion, mijn grote zussen, ik kan niet uitdrukken hoe gezellig en 
ontzettend waardevol onze momenten samen zijn. De grofweg 16.000 km die de ene helft van de 
andere helft van de zusjes scheidt, is gelukkig te overbruggen met Skype of WhatsApp, maar niets 
is zo leuk als elkaar zien in real-life! Ik ben dan ook heel blij dat jullie hier allemaal zijn vandaag, dat 
maakt me erg gelukkig!
Lieve Annemarie, Wilfred, en Twan, bedankt voor jullie interesse en steun tijdens het hele 
promotietraject. Annemarie, bedankt voor je adviezen, wijze raad (over van alles) en hulp bij enkele 
stukken. Ik vind het een hele eer in jouw voetsporen te mogen treden als doctor. Twannie, wat 
vind ik het bijzonder jouw tante te mogen zijn! Lieve Astrid en Tristan, bedankt voor jullie interesse 
in mijn onderzoek en altijd goede adviezen. Astrid, je bewandelt al jaren je eigen weg en durft te 
kiezen voor het onbekende en avontuur. Ik ben heel trots op je en kijk ernaar uit om binnenkort 



Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017Processed on: 14-4-2017

508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin508829-L-bw-Tuin

jullie nieuwe stulpje te bewonderen in Melbourne! Lieve sportieve Marion, wat een bikkel ben jij. Je 
laat je nooit tegenhouden door schijnbare onmogelijkheden en komt zo verder dan menig persoon. 
Ik ben heel trots dat jij mijn zus bent!  

Liefste Jacob, wat voel ik mij een ontzettende geluksvogel met jou aan mijn zijde. Je weet me 
altijd weer met beide benen op de grond te zetten en hebt me meer dan eens laten zien dat de 
wereld groter is dan een promotie. En wat is de wereld mooi en nog mooier samen met jou. Ik heb 
ontzettend veel zin in onze toekomst samen, vol liefde en avontuur! 

Janneke    
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About the author
Janneke Tuin was born on December 28th in 1989 in Heiligerlee, The Netherlands. She 
attended the Dollard College in Winschoten where she graduated in 2008. In the same 
year she started her study medicine at the University of Groningen. During her bachelor 
studies she worked in the student Kidney team where she collected kidney biopsies and 
blood samples for research purposes. She grew interest in performing research and in the 
third year of her bachelor studies she started her first research project entitled ‘Pregnancy 
in women diagnosed with ANCA-associated vasculitis: outcome for the mother and the 
child’. She was supervised by prof. dr. Coen. A. Stegeman and dr. Jan-Stephan F. Sanders. 
She was invited to present the abstract of this study at the two-yearly ANCA Workshop 
in Chapel Hill, USA. Following her bachelor degree, she performed her research elective 
at the department of Nephrology within the same research group. In 2011 she applied 
for a MD/PhD position to further elaborate on the consequences of ANCA-associated 
vasculitis under supervision of prof. dr. Coen. A. Stegeman, dr. Jan-Stephan F. Sanders and 
dr. André P. van Beek. During her master degree she alternately performed research and 
her clerkships at the Martini Ziekenhuis in Groningen and the Medisch Spectrum Twente in 
Enschede. Janneke performed her social medicine clerkship at Kitovu Hospital in Masaka, 
Uganda. During her studies, she was a member of several student organizations and held 
board in several committees.  
Her research focusses on the consequences of disease and treatment of ANCA-associated 
vasculitis for men and women and searches for alternative treatments and optimization 
of existing treatments.  During her PhD research she coordinated patient-related research 
and presented on international conferences on multiple occasions. 
In May 2017, she will start with her residency at the department of Internal Medicine at 
the ZGT Almelo.
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