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ARTICLE INFO ABSTRACT

Article history: Objectives: Patients with anti-neutrophil cytoplasmic antibodies-associated vasculitis (AAV) have
Received 21 April 2025 an increased malignancy risk, largely attributed to immunosuppressive therapy. Given the
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Accepted 20 August 2025 latency period for malignancy development, data on long-term incidence in large AAV cohorts

remain limited. This study aimed to assess the cumulative malignancy incidence in patients with
AAV from European Vasculitis Society (EUVAS) clinical trials (1995-2012).

Methods: We analysed 848 patients with AAV from 17 European countries. Data were collected
via questionnaires sent to the principal investigators of 7 EUVAS trials. Standardised incidence
ratios (SIRs) were calculated using national malignancy databases.

Results: At a median follow-up of 8 years (IQR: 2.2-8.8 years), 135 patients experienced 153 malig-
nancies. The overall SIR was 1.40 (95% CI: 1.18-1.64), primarily driven by nonmelanoma skin can-
cer (NMSG; SIR: 3.52; 95% CI: 2.6-4.7). Excluding NMSC, the SIR was 1.17 (0.96-1.4). The most
common malignancies were NMSC (62 cases), prostate (11.1%), and lung (9.8%). The incidence of
first malignancy was 2.01 per 100 person-years (95% CI: 1.70-2.39). Cumulative malignancy inci-
dence was 10.8% at 5 years, 19% at 10 years, and 38.2% at 20 years. Patients diagnosed before the
age of 40 years had a 30-fold increased risk of NMSC (SIR: 30; 95% CI: 6.03-87.65). Cyclophospha-
mide use for >6 months, azathioprine duration, and age >65 years were independent risk factors.
The diagnosis of malignancy predicted worse survival (log-rank = 9.2; P = .002).

Conclusions: Patients with AAV have a significantly increased risk of NMSC, particularly younger
individuals, while solid tumour risk is not significantly elevated. Prolonged cyclophosphamide
and azathioprine use were associated with malignancy development.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Summarise the state of scientific knowledge on this subject before
you did your study and why this study needed to be done.

* The survival of patients with anti-neutrophil cytoplasmic anti-
bodies-associated vasculitis (AAV) has improved due to earlier
diagnosis and the use of immunosuppressive therapy. However,
concerns remain regarding the long-term malignancy risk asso-
ciated with these treatments.

Studies have shown that patients with AAV have up to twice
the malignancy incidence compared with the general popula-
tion, with a notably higher risk for nonmelanoma skin cancer
(NMSCQ), leukaemia, and bladder malignancy.

Given the shift in treatment paradigms for AAV and the rela-
tively short follow-up periods in previous studies, extended fol-
low-up is essential to better assess the long-term malignancy
risk in patients with AAV.

.

WHAT THIS STUDY ADDS

Summarise what we now know as a result of this study that we did
not know before.

 The cumulative incidence of malignancies was 10.8% at 5 years,

19% at 10 years, 24.3% at 15 years, and 38.2% at 20 years.

* NMSC was the most frequently observed malignancy (30.1%),
followed by prostate cancer (11.1%) and lung cancer (9.8%).
Patients who developed malignancies had a significantly
reduced survival compared with those without malignancies
(log-rank = 7.7; P = .005).

* Among patients with AAV, the standardised incidence ratio
(SIR) for NMSC was significantly elevated at 3.52 (95% CL: 2.6-
4.7).

The overall SIR for all malignancies was 1.4 (95% CL 1.18-
1.64), primarily driven by NMSC. When excluding NMSC, the
SIR was 1.17 (95% CI: 0.96-1.4).

Key predictors of malignancy included cyclophosphamide use
for more than 6 months, azathioprine use, total treatment dura-
tion, and older age.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR
POLICY

Summarise the implications of this study.

* This study suggests that patients with AAV do not have an over-
all increased risk of malignancy, except for NMSC, which
remains significantly elevated.

Findings support reconsidering the duration of cyclophospha-
mide treatment, potentially limiting its use to less than 6
months.

Given the high incidence of NMSC, particularly in younger
patients, it is crucial to emphasise preventive measures such as
routine dermatologic screening and strict sun protection
advice.

INTRODUCTION

The survival of patients with anti-neutrophil cytoplasmic
antibodies (ANCA)-associated vasculitis (AAV) has significantly
increased over the past decades due to earlier diagnosis and
immunosuppressive treatment. However, the use of immunosup-
pressants, initially including corticosteroids, cyclophosphamide,
and azathioprine, has led clinicians to become increasingly con-
cerned about side effects, not only in the short term, such as
infections and metabolic disorders, but also in the long term,
that is, the risk for malignancy. Indeed, several studies have
shown increased malignancy incidence in patients with AAV.
Reported incidence of malignancy in immunosuppressive-
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treated patients with AAV has been globally twice that of the
general population [1—-3]. In a Swedish cohort of 195 patients
with AAV diagnosed between 1997 and 2010, followed for a
median of 8 years, the authors reported an overall standardised
incidence ratio (SIR) for malignancy of 2.8 (SIR of 1.8 if squa-
mous cell malignancy was excluded). Among non—skin malig-
nancies, the higher risk was found for bladder and pancreatic
malignancies [4]. Data from a Danish registry including 293
patients with granulomatosis with polyangiitis (GPA) diagnosed
between 1973 and 1999, followed for a mean length of 9.7 years,
showed a SIR for all site malignancies of 1.9 (95% CI: 1.5-2.4).
In this cohort, myeloid leukaemia (SIR, 13.3), bladder malig-
nancy (SIR, 5.5), and nonmelanoma skin cancer (NMSQC), (SIR,
4.0) were the most common types of malignancy [5].

Randomised clinical trials (RCTs) in an attempt to improve
outcomes for patients with AAV have been designed and per-
formed within a European network, ‘European Vasculitis Soci-
ety’ (EUVAS) starting in 1993. As the follow-up within RCTs
was limited to 18 months, a 5-year follow-up of the first 4 RCTs
within EUVAS was conducted [6]. This study included 535
patients from Non-renal Wegener’s Granulomatosis Treated
Alternatively with Methotrexate (NORAM), Cyclophosphamide
versus Azathioprine for Early remission phase of vasculitis trial
(CYCAZAREM), Plasma Exchange or High-Dosage Methylpred-
nisolone as Adjunctive Therapy for Severe Renal Vasculitis
(MEPEX), and Pulse versus daily oral cyclophosphamide for
induction of remission in antineutrophil cytoplasmic antibody-
associated vasculitis (CYCLOPS) [7—-10] and showed an
increased rate of malignancies compared with the general popu-
lation, with an overall SIR of 1.58 (95% CI: 1.17-2.08). How-
ever, the increased risk was mainly driven by an increased risk
of NMSC (SIR: 2.78; 95% CI: 1.56-4.59) [11]. This study’s rela-
tively short follow-up could have accounted for the lower malig-
nancy detection rate compared with previous observational
studies. Therefore, extending the follow-up of these study partic-
ipants seemed appropriate to better apprehend malignancy risk
as a function of time since disease diagnosis.

By extending the time of follow-up, death becomes a competing
event for malignancy incidence and should, therefore, be
accounted for in this prognostic study. Moreover, other factors
may also confound the association between vasculitis and malig-
nancy. Indeed, malignancy risks in vasculitis will vary according to
treatment, disease subtype, and severity [4,5]. Inmunosuppressive
therapy impairs the immune system’s ability to detect and elimi-
nate malignant cell clones and may also exert direct mutagenic
effects. Various treatment regimens have been linked to differing
cancer incidence rates, with high-dose cyclophosphamide being
the most frequently associated, particularly with an increased risk
of NMSC, leukaemia, and bladder malignancies [12].

When selecting immunosuppressive therapies for AAV, it is
crucial to balance disease control with long-term safety consid-
erations. During remission induction therapy, treatment typi-
cally consists of pulsed cyclophosphamide or rituximab in
combination with high-dose corticosteroids. For those patients
with pulmonary haemorrhage or severe renal impairment,
plasma exchange might be considered. Patients with non-organ-
threatening disease may be successfully treated with a less toxic
induction regimen of either methotrexate or mycophenolate
mofetil alongside corticosteroids. Maintenance therapy gener-
ally includes azathioprine, methotrexate, or rituximab, with
gradual corticosteroid tapering to minimise long-term adverse
effects.

Other potential causes of the increased malignancy risk are
that a dysfunctional immune system linked with autoimmunity



could amplify the susceptibility to specific malignancies
[13,14]. Furthermore, vasculitis could manifest as a paraneo-
plastic phenomenon. Lastly, a coincidental correlation attribut-
able to detection bias, where patients with vasculitis seek
medical attention and undergo closer monitoring, might contrib-
ute to certain accounts of malignancy associated with vasculitis
[15].

This study aimed to analyse the cumulative incidence of
malignancy in an extended follow-up of patients from EUVAS
prospective RCTs. Additionally, we sought to evaluate SIRs of
overall and subgroup-specific malignancies, considering factors
such as sex, age, clinical diagnosis, ANCA type, kidney function,
and duration of immunosuppressive therapy. Furthermore, we
aimed to assess malignancy-related mortality and identify risk
factors for malignancy in AAV.

The present study comprised patients with a newly diagnosed
AAV entered into EUVAS RCTs (NORAM, CYCAZAREM, MEPEX,
CYCLOPS, International Mycophenolate Mofetil Protocol to
Reduce Outbreaks of Vasculitides (IMPROVE), Rituximab versus
cyclophosphamide in ANCA-associated vasculitis (RITUXVAS),
and Mycophenolate mofetil versus cyclophosphamide for remis-
sion induction in ANCA-associated vasculitis (MYCYC)) 1995-
2012. Patients were recruited from 74 centres in 17 countries in
Europe. EGPA (Eosinophilic Granulomatosis with Polyangitis)
patients and patients younger than 18 years were excluded from
this study. Diagnosis of GPA and microscopic polyangiitis
(MPA) was made according to the criteria adapted from the
American College of Rheumatology criteria (1990) and the
Chapel Hill consensus definitions (1994) for GPA and MPA
[16,17].

All studies were approved by the local ethics committees, and
all patients gave written informed consent. Patients were well-
characterised at trial entry, including the type and duration of
induction and maintenance therapy. EUVAS trials followed
standardised diagnostic and disease-stage criteria, with demo-
graphic, clinical, and laboratory data entered into a central data-
base. Baseline assessments included ANCA type, C-reactive
protein levels, full blood count, and plasma or serum creatinine.
Disease activity was measured using the Birmingham Vasculitis
Activity Score, and estimated glomerular filtration rate (eGFR)
was calculated using the chronic kidney disease-EPI equation
[18].

Long-term follow-up data on patient outcomes were collected
from questionnaires to the principal investigators of the original
RCTs. Questionnaires were designed to collect data on cumula-
tive duration and type of immunosuppressive therapy, end-stage
kidney failure, malignancies, comorbidities, patient survival,
and causes of death if appropriate [19]. Questions on malignan-
cies were related to type, diagnosis date, and localization. Trial
adverse event report forms were reviewed (within the original
RCT) for possible additional malignancies. The study baseline
was defined at the date of trial entry.

Continuous variables were presented as mean and SD and, in
the case of nonnormal distribution, as the median and IQR. Cate-
gorical variables are expressed as counts and frequencies. For
comparisons of baseline characteristics between patients with
versus without a diagnosed malignancy during follow-up,
Student’s t test was used, or Kruskal—Wallis test, chi-squared
test, or Fisher’s exact test was also used when appropriate. For
all statistical analyses a 2-tailed P < 0.05 was considered signifi-
cant, and 95% CI was calculated.
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The main outcome was assessed using time-to-event analyses.
Estimation of survival rates was presented as Kaplan—Meier
graphs. Survival rates were compared using the log-rank test.
Risk factors were analysed using competing-risks regression
based on Fine and Gray proportional subhazards model, with
azathioprine, cyclophosphamide, and age included as covari-
ates.

Malignancies were coded according to the 10th International
Classification of Diseases. For patients with multiple malignan-
cies only the 2 first registered malignancies were considered.

SIRs were calculated to compare malignancy incidence in the
study cohort with the general population, adjusting for country,
sex, age, and calendar year. SIRs were derived as the ratio of
observed to expected malignancies, with expected cases deter-
mined using person-years at risk multiplied by general popula-
tion malignancy rates from the GLOBOCAN 2020 database
(1995-2016) compiled by the International Agency for Research
on Cancer [20]. Poisson distribution was used to estimate 95%
CIs for SIRs.

SIRs were further analysed based on age, sex, European
region (Central east, Northern east, Southern east, and West),
trial, diagnosis, ANCA type, recruitment period, baseline eGFR,
and follow-up duration.

All estimations were performed using the statistical analysis
software SPSS Statistics 26, except the relative survival analysis,
which was done with STATA 16. The remaining graphs were
designed with GraphPad Prism 9.

Patients were not directly involved in the design, recruit-
ment, or conduct of this study. However, the research question
was informed by clinical priorities and concerns raised by
patients in routine practice. The results of this study will be
shared with patient communities through appropriate channels,
including patient advocacy groups and public summaries.

Eight hundred forty-eight patients with AAV (56% GPA, 44%
MPA) were included. Men were overrepresented (56%); mean
age at randomisation in the RCTs was 58.04 + 14.20, and most
participants were living in the north-east European region
(47.6%).

In our study, 135 patients were diagnosed with 153 malig-
nancies. A first malignancy was diagnosed after a median fol-
low-up of 6.26 years (IQR: 2.91-9.88 years) in 135 (15.9%)
patients. Overall, the incidence rate of the first event of malig-
nancy in the 848 patients was 135 cases/6699.93 person-years,
that is, 2.01 per 100 person-year (95% CI: 1.70-2.39).

The mean age at malignancy diagnosis was 69 + 11 years.
Patients diagnosed with malignancies were older at randomisa-
tion in the RCTs, with a mean age of 62 + 12 years compared
with 57 + 14 years in those without malignancies during follow-
up (P < .001). The majority of patients diagnosed with malig-
nancy were men (61%), and GPA was the most prevalent type of
AAV, affecting 59% of those with a malignancy diagnosis. No
other statistically significant differences in baseline clinical vari-
ables were identified between those who developed malignancy
or not (Table 1).

Figure 1 illustrates the cumulative incidence of malignancy
over a median of 7.96 total years of follow-up. The cumulative
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Characteristics of patients at entry into the RCTs with respect to the development of a malig-

nancy or not

No malignancies ~ Malignancies P value
n =713 (84.1%) n = 135 (15.9%)
Age (y) 57 + 14 62 +12 <.001
Weight (kg) 72+13 70+13 3
Male sex (n, %) 392 (55) 82(60.7) 2
ANCA (n, %) MPO 274 (40.7) 52 (40) 9
PR3 400 (59.3) 78 (60)
Diagnosis (n, %) GPA 398 (55.8) 80 (59.3) 5
MPA-RLV 315 (44.2) 55 (40.7)
BVAS score 18+8 18 +8 .9
Randomisation period (n, %) 1995-1999 325 (45.6) 69 (51.1) 2
2000-2012 388 (54.4) 66 (48.9)
Countries (n, %) Central East 51 (7.2) 5(3.7) .07
Northern east 339 (47.5) 65 (48.1)
Southern east 78 (10.9) 24 (17.8)
West 245 (34.4) 41 (30.4)
RCTs (n, %) CYCAZAREM 129 (18.09) 26 (19.26) .88
CYCLOPS 122 (17.11) 21 (15.56)
IMPROVE 143 (20.06) 24 (1778)
MEPEX 117 (16.41) 20 (14.81)
MYCYC 98 (13.74) 18 (13.33)
NORAM 75(10.52) 19 (14.07)
RITUXVAS 29 (4.07) 7 (5.19)
Creatinine (umol/L)* 176 (97-389) 176 (95-352) .5
eGFR(ml/min/1.73m?)? 42.1 (16.2-89.3) 41.8 (16.3-85) 4
Haemoglobin (g/dL) 10.1+2 10.2+2.2 .5
Platelets (10°/L) 400 +172 385+ 151 4
Follow-up time (y)* 7.2 (2-13.1) 10.7 (6-16.4) <.001

ANCA, anti-neutrophil cytoplasmic antibodies; BVAS, Birmingham Vasculitis Activity Score; eGFR,
estimated glomerular filtration rate; GPA, granulomatosis with polyangiitis; MPA-RLV, microscopic
polyangiitis including renal-limited vasculitis; MPO, myeloperoxidase; PR3, proteinase; RCT, rando-

mised clinical trials.

Values for continuous variables are expressed as mean + SD or median (%) (IQR), and values for cate-
gorical variables as percentages. The glomerular filtration rate was estimated using the chronic kid-

ney disease-EPI equation.

incidence of malignancies was 10.8% at 5 years, 19% at 10 years,
24.3% at 15 years, and 38.2% at 20 years.

Most malignancies were diagnosed (70 patients, 51.9%) dur-
ing the first 5 years of follow-up, another 37 patients were diag-
nosed with malignancy at 5 to 10 years of follow-up and 46
after 10 years of follow-up.

NMSC (30.1%), prostate malignancy (11.1%), and lung
malignancy (9.8%) were the most frequently reported malignan-
cies. Other types of malignancy included colorectal (7.8%), blad-
der (7.2%), breast (5.2%), skin melanoma (4.6%), leukaemia
(3.9%), kidney (2.6%), ovary (2%), and non-Hodgkin lymphoma
(2%).

A second malignancy was diagnosed in 22 patients (22/135),
with NMSC (C44) being the most frequent. The second malig-
nancies were identified after a median follow-up of 9.08 years
(IQR: 3.13-15.91).

If we analysed in detail the number of cases of malignancy in
each RCT, around 15% to 20% of patients have been diagnosed
with a malignancy. We found that up to 20% of the patients
included in the NORAM study had malignancy, while it was
19% in the RITUXVAS, 17% in the CYCAZAREM, and 15% of
patients in CYCLOPS and MEPEX, respectively (Supplementary
Fig S1). In the NORAM study, the cancer incidence rate was
1.98 cases per 100 person-years. For other RCTs, the rates were
as follows: CYCAZAREM at 1.42 cases per 100 person-years,
CYCLOPS at 1.56, IMPROVE at 1.58, MEPEX at 2.61, and RIT-
UXVAS at 3.04 cases per 100 person-years.

Survival outcomes in patients with malignancies

Eighty patients (59.3%) diagnosed with malignancy died after
a median duration of 1.77 years (IQR: 0.48-4.01) following their
diagnosis. The leading cause of death among those patients was
the malignancy itself (45%), followed by infections (13.8%) and
cardiovascular disease (10%). Among those who developed
malignancy and subsequently died, the distribution of malignancy
types was as follows: 21/41 (51%) patients had NMSC (C44), 9/
16(56%) had prostate malignancy (C61), 13/15 (87%) patients
had lung malignancy (C33-C44), 5/6 (83%) had colorectal malig-
nancy (C18-C21), and 6/11 (55%) a bladder malignancy (C67).

The number of deaths was significantly higher in patients with
malignancies (59.3% vs 31.6%; P < .001). Kaplan—Meier survival
curves further demonstrated reduced survival in patients with
malignancies compared with those without (log-rank = 7.7;
P = .005) (Fig 2). Median survival time for those patients with
malignancy since randomisation to RCT was 12.98 years (95% CIL:
10.65-15.31). Among patients with NMSC, the mortality rate also
remained significantly higher than those without malignancy
(48.78% vs. 46.28%; P < .001). However, Kaplan—Meier curves
did not indicate a statistically significant increase in mortality
risk in this subgroup (log-rank test = 0.104; P = .075).

Malignancy and types and duration of immunosuppression
Most patients received cyclophosphamide (795, 94%), of
whom 126 (15.%) developed a malignancy. The latter were
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Figure 1. Cumulative incidence of malignancy at 5, 10, 15, and 20 years of follow-up.NMC Non Melanoma Skin Cancer
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Figure 2. Kaplan—Meier curves comparing cumulative survival between patients with malignancy and those without malignancy.

treated with cyclophosphamide for a longer period than to those
who did not develop a malignancy (8.8 months [IQR: 3-17] vs 6
months [IQR: 3-12], respectively) (P = .04) (Table 2).

In our cohort, 559 (65.9%) patients received azathioprine, of
whom 103 (18.4%) developed a malignancy. Being treated with
azathioprine and the duration of this treatment were associated
with an increased risk of malignancies (P = .006 and P < .001,
respectively).

SIR of malignancy in patients with AAV

The SIR for all malignancies was 1.4 (95% CL: 1.18-1.64).
When NMSC was excluded, the SIR decreased to 1.17 (95% CI:
0.96-1.4). The SIR specifically for NMSC was 3.52 (95% CIL: 2.6-
4.7). SIRs for various malignancy types are detailed in Table 3.
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Subgroup analysis

We compared the SIRs for malignancy across various sub-
groups, as summarised in Table 4. To evaluate the impact of
renal function, patients were divided into 2 groups based on an
eGFR threshold of 60 mL/min/1.73 m? For NMSC (C44), the
SIR for those with an eGFR > 60 mL/min/1.73 m* was 4.4 (95%
CI: 2.6-8.2), and that for those with an eGFR < 60 mL/min/1.73
m? was lower, 3.40 (95% CI: 2.26-4.91). Additionally, patients
who developed malignancies had a significantly lower mean
eGFR at 12 months (48.28 + 22.5) than those who did not
(56.58 + 23.31; P < .001), further supporting an association
between impaired kidney function and increased cancer risk in
this population.

According to geographic areas in Europe, patients living in
the Southern east region of Europe had an increased risk for all
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Immunosuppressive therapy Entire cohort ~ No malignancies Malignancies P-value
n = 848 n=713(84.1%) n = 135(15.9%)
Every treatment, n
Methotrexate 95 77 18 .39
Cyclophosphamide 795 669 126 .83
Azathioprine 559 456 103 .006
Mycophenolate 237 197 40 .64
Rituximab 75 60 15 31
Immunosuppressive duration (mo)
Methotrexate® 24 (12-45) 24 (11.3-42) 24 (18-48) .19
Cyclophosphamide® 6(3-12) 6(3-12) 8.8 (3-16.9) .03
Azathioprine® 30 (12-49) 24 (12-48) 42(17-65.1) <.001
Mycophenolate® 36 (12-60) 38(12-63) 21 (12-40.5) .04
Rituximab® 24 (12-36) 24 (12-36) 24 (13-48) .82
Values for continuous variables (*) are expressed as median (IQR).
Table 3
Types of malignancies of SIR
Observed  Expected  SIR 95% CIL
All sites 154 110.3 1.4 1.18-1.64
All sites without NMSC 107 91.1 1.17  0.96-1.4
Nonmelanoma skin malignancy (C44) 46 13.1 3.52 2.6-4.7
Prostate (C61) 17 18.5 0.9 0.5-1.5
Lung (C33-34) 15 13.4 1.1 0.6-1.9
Colorectum (C18-C21) 12 13.5 0.9 0.5-1.6
Bladder (C67) 11 5.5 1.99 0.99-3.6
Breast (C50) 8 10.3 0.8 0.3-1.5
Melanoma of skin (C43) 7 3.1 2.3 0.9-4.6
Leukaemia (C91-95) 6 2.4 2.5 0.9-5.4
Kidney (C64-65) 4 3.2 1.3 0.3-3.2
Ovary (C56) 3 1.4 2.1 0.4-6.1
Non-Hodgkin lymphoma (C82,86,C96) 3 3.2 0.9 0.2-2.7
Stomach (C16) 2 3.2 0.6 0.1-2.3
Liver (C22) 2 1.98 1.01 0.1-3.6
Lip, oral cavity (C00-06) 2 2.4 0.8 0.1-3
Larynx (C32) 2 1.03 1.95 0.2-7
Gallbladder (C23) 2 0.9 2.3 0.3-8.2
Corpus uteri (C54) 2 2.1 0.96 0.1-3.5
Thyroid (C73) 1 0.8 1.30 0-7.3
Pancreas (C25) 1 2.9 0.3 0-1.9
Multiple myeloma (C88- C90) 1 1.5 0.7 1-3.8
Malignant neoplasm of brain (C70-72) 1 1.5 0.7 0-3.7
Cervix uteri (C53) 1 0.6 1.7 0-9.3

NMSC, nonmelanoma skin cancer; SIR, standardised incidence ratios.

types of malignancy excluding NMSC (SIR: 1.66; 95% CI: 1.01-
2.57) and for NMSC (SIR: 5.61; 95% CI: 2.05-12.21).

Patients recruited before the year 2000 had an increased risk
for all types of malignancy (SIR: 1.75; 95% CI: 1.33-2.27), but
not for the patients recruited afterwards (SIR: 0.85; 95% CI:
0.63-1.13).

Patients diagnosed with AAV at younger ages had a markedly
higher risk of developing NMSC. Specifically, patients aged
<40 years exhibited a 30-fold increased risk (SIR 30; 95% CI 6.03-
87.65). In comparison, the risk was lower among those aged 40 to
65 years, with an SIR of 4.31 (95% CI: 2.55-6.81), and among those
aged >65 years, with an SIR of 3.11 (95% CI: 2.01-4.59).

The risk of NMSC was higher among patients who had PR3-
ANCA (SIR: 4.35; 95% CI: 2.9-6.21) than patients with MPO-
ANCA (SIR: 1.55; 95% CI: 1.55-4.76). Although the increased
risk of NMSC was observed in both males and females, it was
notably higher in females (SIR: 4.76; 95% CI: 2.82-7.53).
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Risk factors for malignancy

In the competing-risks survival regression analysis, azathio-
prine was significantly associated with an increased risk of malig-
nancies (subhazard ratios [SHR]: 1.50; 95% CI. 1.01-2.23;
P = .043), and the duration of azathioprine treatment in months
(SHR: 1.01; 95% CI: 1.00-1.01; P = .001) was associated with
increased risk for malignancy. Cyclophosphamide use for more
than 6 months was also significantly linked to an elevated malig-
nancy risk (SHR: 1.41; 95% CL: 1.00-1.99; P = .047). Addition-
ally, age over 65 years was associated with an increased
malignancy risk (SHR: 1.54; 95% CL: 1.095-2.16; P = .013). In
the multivariate competing-risks survival regression, after adjust-
ing for age, both cyclophosphamide and azathioprine remained
independently significant predictors of malignancy risk (Table 5).

Independent risk factors for NMSC were azathioprine use
(SHR: 4.43; 95% CI: 1.58-12.44; P .01), the duration of
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Table 4
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SIR by subgroup analysis of malignancies and NMSC, respectively, according to age, sex, geographical region in
Europe, RCTs, clinical diagnosis, type of ANCA, period of inclusion in the RCTs, kidney function at inclusion in
RCTs, and duration of follow—ups, age <40 years is not it?

All malignancies (including NMSC) NMSC
Observed  Expected  SIR 95% CI Observed  Expected  SIR 95% CI
Age
<40y 6 3.23 1.86 0.68-4.04 3 0.1 30 6.03-87.65
40-64 y 54 43.99 1.23  0.92-1.60 18 4.18 431 2.55-6.81
>64y 47 43.88 1.07 0.79-1.42 25 8.04 3.11 2.01-4.59
107 91.1 46 12.32
Sex
Female 40 32.67 1.22 0.87-1.67 18 3.78 4.76  2.82-7.53
Male 67 58.4 1.15 0.89-1.46 28 8.53 3.28 2.18-4.74
107 91.07 46 12.31
Region
Central east 4 5.62 0.71 0.19-1.82 1 0.3 3.33 0.04-18.55
Northern east 49 42.45 1.15 0.85-1.53 26 5.74 4.53  2.96-6.64
Southern east 20 12.04 1.66 1.01-2.57 6 1.07 5.61 2.05-12.21
West 34 30.99 1.10 0.76-1.53 13 5.21 2.50 1.33-4.27
107 91.1 46 12.32
Trial
CYCAZAREM 18 21.02 0.86 0.51-1.35 9 2.55 3.53 1.61-6.70
CYCLOPS 17 16.74 1.02 0.59-1.63 6 2.13 2.82 1.03-6.13
IMPROVE 18 20.66 0.87 0.52-1.38 8 3.28 2.44  1.05-4.81
MEPEX 18 11.51 1.56 0.93-2.47 7 1.79 3.91 1.57-8.06
MYCYC 12 8.78 1.37 0.71-239 8 1.12 7.14  3.08-14.08
NORAM 19 9.1 2.09 1.26-3.26 5 0.92 5.43 1.75-12.68
RITUXVAS 5 3.29 1.52 0.49-355 3 0.52 577 1.16-16.86
107 91.1 46 12.31
Diagnosis
GPA 61 51.58 1.18 0.90-1.52 30 6.96 431 2091-6.15
MPA/RLV 46 39.53 1.16 0.85-1.55 16 5.35 2.99 1.71-4.86
107 91.11 46 12.31
ANCA
PR3 58 50.98 1.14 0.86-1.47 30 6.9 4.35 2.93-6.21
MPO 46 35.8 1.28 0.94-1.71 14 4.93 2.84 1.55-4.76
104 86.78 44 11.83
Period of inclusion
1995-1999 57 32.5 1.75 1.33-2.27 20 5.42 3.69 2.25-5.70
2000-2012 50 58.48 0.85 0.63-1.13 26 6.89 3.77  2.46-5.53
107 90.98 46 12.31
eGFR
>60 mL/min/1.73m? 41 32.5 1.26 0.91-1.71 18 4.05 4.44 2.63-7.02
<60 mL/min/1.73m? 66 58.48 1.13 0.87-1.44 28 8.24 3.40 2.26-4.91
107 90.98 46 12.29
Follow-up (y)
<8y 41 22.78 1.80 1.29-2.44 7 3.37 2.08 0.83-4.28
8-16y 41 41.73 0.98 0.70-1.33 24 6.03 3.98 2.55-5.92
>16y 25 26.59 0.94 0.61-1.39 15 291 5.15 2.88-8.50
107

ANCA, anti-neutrophil cytoplasmic antibodies; eGFR, estimated glomerular filtration rate; GPA, granulomatosis with pol-
yangiitis; MPA-RLV, microscopic polyangiitis including renal-limited vasculitis; MPO, myeloperoxidase; NMSC, nonme-
lanoma skin cancer; PR3, proteinase; RCT, randomised clinical trial; SIR, standardised incidence ratios.

azathioprine treatment (SHR: 1.02; 95% CI: 1.01-1.02;
P = .005), and age >65 years (SHR: 2.03; 95% CIL: 1.10-3.72;
P = .02) (Table 5).

DISCUSSION

Immunosuppressive treatment has improved outcomes for
patients with AAV and has significantly changed the prognosis
of the disease. A major issue in the daily practice now consists of
managing comorbidities developing during follow-up, including
infections, cardiovascular disease, and malignancies, the
impaired quality of life, and the eventual side effects of the ther-
apy. These disabling conditions increase the complexity of AAV
management and its costs.

Previous studies have suggested that the frequency of malig-
nancy is higher in patients with AAV than in the general popula-
tion. Indeed, in a meta-analysis from 2015, the overall meta-
analytical SIR for all types of malignancy was found to be 1.74
(95%CI: 1.37-2.21) [12].

In our cohort, NMSC was the most frequent type of malig-
nancy (30.1%). Our results indicate a significantly elevated risk
of 3.52 (95% CI: 2.6-4.7) for NMSC, which is in accordance with
previous studies. Indeed, in the previous follow-up study of the
EUVAS cohort, the SIR for NMSC was the only site-specific
malignancy that was significantly increased (SIR: 2.78) [6]. Evi-
dence consistently indicates that the risk of NMSC remains high.
For instance, van Daalen et al [21] reported that NMSC was the
most frequent malignancy in their cohort, with a 4.58-fold
increased risk (95% CIL: 2.96-6.76). Similarly, Faurschou et al
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Table 5
Risk factors for malignancies
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All types of malignancies

Univariate Adjusted
SHR 95% CI P-value SHR 95% CI P-value
Azathioprine 1.50 1.01-2.23 .04 1.54 1.03-2.295 .04
Azathioprine (mo) 1.007 1.003-1.01 .001 1.008 1.003-1.012  .001
Cyclophosphamide > 6 mo 1.41 1.004-1.99 .047 1.51 1.07-2.14 .02
Age>65y 1.54 1.096-2.16 .01
NMSC
Univariate Adjusted
SHR 95% CI P-value  SHR 95% CI P-value
Azathioprine 4.24 1.52-1.19 .006 4.43 1.58-12.44 .01
Azathioprine (mo) 1.01 1.01-1.02 <.001 1.02 1.01-1.02 .005
Age>65y 2.03 1.10-3.72 .02 2.14 1.17-3.93 .01

NMSC, nonmelanoma skin cancer; SHR, subhazard ratios.

In the adjusted model, azathioprine and cyclophosphamide were adjusted by age.

[5] reported an SIR of 4.7 (95% CI: 2.8-7.3) for NMSC and strati-
fying to the dose of cyclophosphamide; the SIR was 3.9 (95% CI:
1.4-8.4) for patients receiving less than 36 g, and 5.2 (95% CL:
2.1-11) for those receiving more than 36 g of cyclophosphamide
(Supplementary Fig S4).

The SIR for all malignancies was 1.4 (95% CL: 1.18-1.64),
mainly driven by NMSC, as excluding these, the SIR was 1.17
(95% CI: 0.96-1.4). Similar results were found in other cohorts,
suggesting that with a reduction in cyclophosphamide dosing
only, NMSC is increased. One exception is the South Sweden
cohort [6]. In that Swedish population-based cohort, including
195 patients, Heijl et al. [4] reported an SIR of 1.8 (95% CI: 1.3-
2.5) for all malignancies excluding squamous cell carcinoma
(Supplementary Figs S2 and S3). However, even if the overall
SIR was not elevated in our cohort, specific subgroups such as
patients from Southern east Europe seemed to have an increased
risk for all sites of malignancies, as did patients recruited before
the year 2000.

Cyclophosphamide (in combination with glucocorticoids)
has traditionally been the cornerstone of treatment for severe
forms of AAV, and current guidelines continue to recommend its
use. Most patients in our study received cyclophosphamide,
which remains a mainstay in the management of severe AAV, as
endorsed by the main therapeutic guidelines [22,23], and
widely used in daily practice for severe forms of the disease.
However, cyclophosphamide is associated with significant side
effects, particularly at high doses or with prolonged use.

Our findings indicated a significant increase in the risk of
NMSC among patients, potentially reflecting the lower cumula-
tive doses of cyclophosphamide in contemporary treatment regi-
mens. Notably, patients who developed malignancy during
follow-up had a slightly longer median duration of cyclophos-
phamide treatment (8 vs 6 months). We observed that receiving
cyclophosphamide for more than 6 months was associated with
an increased malignancy risk (SHR: 1.51; 95% CIL: 1.07-2.14;
P = .02).

In earlier cohorts where cyclophosphamide was a primary
and longer-lasting treatment, significantly increased SIRs were
reported for malignancies such as bladder malignancies. In con-
trast, our cohort did not demonstrate a statistically significant
increase in bladder malignancy risk. Nonetheless, the observed
SIR was nearly twice the expected rate, and the CI bordered
unity. Given the well-established association between
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cyclophosphamide exposure and bladder cancer, this signal war-
rants attention. The higher incidence of bladder carcinomas
reported in previous cohorts likely reflects the substantially
greater cumulative cyclophosphamide doses those patients
received compared with our population. Prior studies have
reported SIRs for bladder malignancy ranging from 3.6 to 4.8
[2,3,5], with risks as high as 31-fold above the general popula-
tion among patients exposed to very high cumulative doses
[24].

As previously mentioned, AAV has long been associated not
only with malignancy but also with haematologic malignancies,
particularly due to the use of high doses of cyclophosphamide,
although this has not been definitively proven. In 2015, Shang
et al [12] conducted a meta-analysis on this topic, reporting a
pooled SIR for leukaemia of 4.89 (95% CI: 2.93-8.16) and a
pooled SIR for lymphoma of 3.79 (95% CI: 1.87-7.69). In con-
trast, we did not find such an increased risk for haematological
malignancies, consistent with some other previous reports
[21,25,26]. Lower doses of cyclophosphamide and/or the com-
bination with other agents such as rituximab might prevent the
risk of developing such malignancies [27].

However, it is not solely cyclophosphamide that has been
associated with an elevated risk of malignancy; azathioprine has
also been implicated in an increased risk of skin malignancy
[28]. In our study, patients who developed a malignancy
received azathioprine more frequently (76.3% vs 64%,
P = .006) and during a significantly longer time (42 months
[IQR: 17-65.1] vs 24 months [IQR: 12-48]; P < .001). The use of
azathioprine and the length of the treatment were independent
risk factors for developing all types of malignancies, including
NMSC [29,30].

Over the past 2 decades, the known substantial toxicity of
cyclophosphamide instigated many efforts to develop cyclophos-
phamide-sparing regimens for AAV treatment. Newer biologic
therapies have been shown to demonstrate equivalent efficacy
as cyclophosphamide for remission, but the hope for reduction
in adverse events has yet to be realised. van Daalen et al [21]
demonstrated that rituximab treatment was not associated with
an increased malignancy risk compared with the general popula-
tion. Nevertheless, our results suggest that in the RITUXVAS
study, the risk for NMSC was increased (SIR: 5.77; 95%CI: 1.16-
16.86); however, they also received cyclophosphamide, but in a
low cumulative dose [31].
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As newer treatment alternatives, such as rituximab for both
induction and maintenance, are increasingly preferred in clini-
cal practice, exposure to cyclophosphamide and azathioprine is
expected to decrease. Consequently, the malignancy risks associ-
ated with these agents observed in our cohort may not be fully
representative of patients starting therapy today.

Another important consideration is that age was an indepen-
dent significant risk factor for developing malignancy even
when it was adjusted by the type of immunosuppressive drugs
(azathioprine or cyclophosphamide). Therefore, we would like
to emphasise the need to tailor individualised therapeutic regi-
mens for frail populations due to potential side effects.

The main strengths of our study are well-characterised clini-
cal presentation and treatment of patients and the long-term fol-
low-up. We believe our study provides essential baseline
information for the development and consideration of newer
therapies that may have fewer side effects. Although it would
have been ideal to calculate more precise cumulative doses of
immunosuppressants for each patient, this was not feasible due
to the multicentre nature of our study, the inclusion of patients
from several years ago, and the extended follow-up period.

In conclusion, the findings of this study reinforce the results
of our previous follow-up, showing an increased risk of NMSC in
patients with AAV. Although NMSC does not metastasise, it
remains a significant concern due to its potential for recurrence
and, in some cases, severe outcomes. The development of de
novo malignancies associated with immunosuppressive therapy
is a major concern for patients with AAV. Although nearly all
patients in our study received cyclophosphamide, only those
treated for more than 6 months demonstrated an increased risk
of solid tumours. This suggests that cyclophosphamide should
be reserved for short-term use. Similarly, azathioprine should be
prescribed with caution, as it has been identified as a risk factor
for malignancy development.
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