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Abstract
Granulomatosis with polyangiitis (GPA) is a potentially lethal ANCA-associated small-vessel vasculitis characterized by 
a typical triad of upper respiratory tract, lung, and kidney involvement. Lung involvement in GPA occurs in 25–80% of 
cases. The most common radiographic and computed tomography (CT) abnormalities of pulmonary GPA are lung nodules 
and masses, very often multiple and with cavitation. As there are various clinical presentations, the diagnosis of GPA can 
be challenging, and the illness is difficult to distinguish from other diseases such as infection or malignancy. Following the 
improved survival rates in patients with GPA, there is accumulating evidence to suggest an increased occurrence of dif-
ferent types of cancer. Exposure to cyclophosphamide seems to be one of its main causes. We present the case of a patient 
with chronic GPA who was hospitalized owing to a new infiltrate in the lung, suggesting relapse of the disease, and finally 
diagnosed with small cell lung cancer. Data regarding lung cancer in GPA patients are limited. While there are some case 
reports and short case series in the literature, there are no detailed data regarding an association between CYC exposure and 
lung cancer development in vasculitis. It is necessary to consider the causes of pulmonary masses other than a GPA relapse. 
Bronchoscopy with biopsy and histopathological examination are crucial in proper differential diagnosis. GPA patients 
require long-term follow-up to monitor for the development of complications during treatment.
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Introduction

Granulomatosis with polyangiitis (GPA) is a rare, poten-
tially lethal, multisystem disease that belongs to the group 
of primary systemic ANCA-associated small-vessel vascu-
litides (AAV). Granulomatous inflammation and necrotizing 

vasculitis of small blood vessels lead to diverse clinical 
presentations with a classic triad of symptoms involving the 
upper and, lower respiratory tract as well as the kidneys. The 
disease can occur in several forms, from mild to very severe, 
and can be life threatening. With a standard therapy regimen, 
remission can be induced in about 70–90% of patients, but 
the typical course of the disease is with remissions and exac-
erbations, which lead to the necessity for repeated courses 
of immunosuppressive treatment [1–4]. Pulmonary involve-
ment in GPA occurs in 25–80% of cases [5]. The most com-
mon radiographic and computed tomography (CT) abnor-
malities of pulmonary GPA are lung nodules and masses, 
very often multiple and with cavitation. Infiltrates, air-space, 
and ground-glass opacities are also frequent findings. This 
variety in clinical presentation can make the diagnosis of 
GPA challenging and it can be difficult to distinguish it from 
other diseases such as an infection, sarcoidosis, or malig-
nancy [6, 7].

We present a case of a patient with chronic GPA, who 
was hospitalized as a result of new infiltrate in the lung 
suggestive of a relapse of the disease, and who was finally 
diagnosed with small cell lung cancer. Following this case 
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report, we discuss the risk of the development of lung cancer 
in GPA.

The patient has provided informed consent for publica-
tion of the case.

Methods

Search strategy

A literature search for patients with GPA and lung cancer 
was carried out using MEDLINE/PubMed, Google Scholar, 
and EBSCO, with no time limit. The search was conducted 
using the following keywords: “granulomatosis with poly-
angiitis”, “lung neoplasm,” and “carcinogenesis” (Fig. 1). 
Using a combination of these search terms, we undertook 
a systematic review of the literature published in English, 
limited to full-text publications of original articles, letters 
to the editor, and case reports in peer-reviewed journals, 
for a discussion and analysis of studies reporting lung can-
cer development in GPA. We identified six case reports and 
summarize the findings in Table 1. Lung cancer prevalence 
in patients with ANCA-associated vasculitis is presented in 
Table 2.

Case report

A 63-year-old man had been diagnosed with granulomatosis 
with polyangiitis (GPA) at the age of 51 on the basis of the 
presence of a pulmonary nodular mass (Fig. 2a), pansinusitis 
and cytoplasmic anti-neutrophil cytoplasmic antibody (PR3-
ANCA). During the course of the disease, relapses were 
observed with progression and cavitation of the infiltrates 
in the lungs (Fig. 2b), exacerbations in the sinus lesions, 
and the occurrence of an inflammatory orbital pseudotu-
mor. The patient had been treated with prednisone in varying 
doses, cyclophosphamide (CYC, total dose 70 g orally and 
5 g intravenously) and then azathioprine and methotrexate 
following the diagnosis. Despite the treatment, a persistent 
orbital tumor, joint pain and exacerbations in the parana-
sal sinusitis were observed each time steroids were reduced 

Fig. 1   Search strategy

Table 1   Review of granulomatosis with polyangiitis cases associated with lung cancer

NR not reported

Year, author No. of cases 
with lung 
cancer

Age 
(years)/
gender

Organ involvement in 
GPA

Time interval between 
GPA diagnosis and 
detection of cancer 
(years)

Cumulative 
cyclophosphamide 
dose (g)

Smoking Outcome

Campainha (2013) [3] 1 45, M Lung GPA 15 months after 
cancer treatment

NR Yes Died

López (2008) [18] 1 50, M Kidney 23 NR NR NR
Toriyama (2018) [19] 1 65, M Lung 18 NR NR NR
Doberstein (2017) [20] 1 69, M Eye, lung 2 NR Yes Died
Xie (2019) [21] 1 78, M Lung, kidney 1 NR Yes NR
Yamada (2019) [22] 1 79, M Lung, kidney, upper 

respiratory tract
3 NR NR Alive
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Table 2   Prevalence of lung 
cancer among patients with 
ANCA-associated vasculitis

SIR standardized incidence ratios

Year, author Type of the disease No. of 
study 
group

No. of cases 
with lung 
cancer

SIR of 
lung 
cancer

95% CI

Knight (2002) [6] GPA 1065 8 2.0 0.9–3.9
Faurschou (2015) [8] GPA 293 5 1.1 0.3, 2.5
Rahmattulla (2015) [3] GPA and MPA 138 2 0.75 0.23–3.30
Życińska (2013) [12] GPA 117 2 1.7 0.5–3.4
Heijl (2011) [17] GPA 535 5 1.3 0.4–3.0
Sriskandarajah (2017) [23] ANCA-associated 

glomerulonephritis
419 7 1.73 0.83–3.63

Fig. 2   a High-resolution CT 
image revealing a large nodule 
in the lower lobes. b High-
resolution CT image revealing a 
cavitated nodule. c CT pulmo-
nary window revealing enlarged 
lymph nodes in the hilus of the 
left lung that impress the bron-
chi to the lower lobe, which, 
combined with the presence of 
subpleural nodules, aroused sus-
picion of a proliferative process 
(2C1 axial scan, 2C2 coronal 
scan). d CT soft tissue window 
revealing a pathological mass in 
the hilus of the left lung (2D1 
axial scan, 2D2 coronal scan)
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below 10 mg/day. However, there were no new infiltrations 
in his lungs and PR3-ANCA titers were low (PR3-ANCA 
18 RU/ml, n < 20 RU/ml). In November 2019, the patient 
was hospitalized because of headaches, general weakness, 
decrease in exercise capacity, and a tear of the left eye over 
2 months. He did not present fever, hemoptysis or weight 
loss. Physical examination revealed exophthalmos (stable 
compared to previous months) and there were no obvious 
abnormalities during lung auscultation. Laboratory findings 
on admission showed mild anemia (Hb 12.7 g/dl), slightly 
elevated inflammatory markers (CRP 7.8 mg/l, n < 5 mg/l), 
and a greatly increased level of PR3-ANCA (PR3 > 200 RU/
ml, n < 20 RU/ml). A relapse of GPA was suspected and 
a chest CT scan was performed, which revealed enlarged 
lymph nodes in the hilus of the left lung that impressed 
the bronchi to the lower lobe, which, combined with the 
presence of subpleural nodules, raised concerns regarding 
proliferation (Fig. 2c, d). Because the patient had a history 
of smoking 27 packets of cigarettes a year it was decided 
to perform bronchoscopy. This showed left lower lobe 
bronchial stenosis with granulomatous hypertrophy of the 
mucosa. Inflammatory cells, including macrophages, partial 
hemosiderophages and epithelial cells without atypical fea-
tures, were found in the sediment from bronchoalveolar lav-
age. Unexpectedly, histopathology of the tissue that has been 
narrowing the bronchus revealed the presence of small cell 
lung cancer. Chemotherapy and radiotherapy were started.

Discussion

Since the late 1970s, the introduction of glucocorticoids and 
cyclophosphamide (CYC) as standard therapy in GPA has 
substantially improved the prognosis, thus increasing cumu-
lative survival at 1, 2, and 5 years to 88%, 85%, and 78%, 
respectively [8]. However, the disease runs with remissions 
and exacerbations, resulting in the necessity of repeated 
courses of immunosuppressive treatment [3]. Alongside 
the improved survival rates in AAV patients, many reports 
suggest an increased occurrence of various malignancies 
[9, 10]. The increased risk of acute myeloid leukemia and 
bladder cancer is mainly attributed to CYC exposure and its 
carcinogenic effects and the toxic metabolite acrolein that 
becomes highly concentrated in the urine [9, 10]. The devel-
opment of malignancies following CYC use is related to the 
duration of exposure and the cumulative doses of CYC. A 
high prevalence of cancer has been demonstrated in AAV 
patients who received cumulative CYC doses exceeding 36 g 
or who were treated for more than a year [11–16]. In most 
of the population-based studies, a pronounced increase was 
reported in bladder cancer, squamous cell skin cancer, and 
malignant lymphomas in particular [10, 12, 15–17]. Rah-
mattulla et al. found in their cohort of 138 patients with 

AAV a total of 85 malignancies in 36 individuals during a 
mean follow-up of 9.7 years, resulting in a 2.21-fold higher 
malignancy risk in comparison with the general population. 
They found the highest risk for non-melanoma skin cancers 
(NMSC), with a standardized incidence ratio of 4.23, but the 
incidence rates of other malignancies were not significantly 
increased [16]. Meta-analysis performed by Shang et al. 
shows that patients treated with CYC were at increased risk 
of late-occurring malignancies, particularly of NMSC, leu-
kemia and bladder cancer, but not of kidney, prostate, colon 
and breast cancers [18]. Data from several studies suggest a 
standardized incidence ratio of cancer in AAV from 1.6 to 
3.8 compared to that of the general population [13, 19]. An 
important measure in reducing cancer risk in patients with 
AAV has been the replacement of CYC with azathioprine 
for maintenance treatment. This change in practice occurred 
after the CYCAZAREM study in 2003 [20]. Recent studies 
suggest that with a reduction in CYC dosage, only NMSC 
risk remains increased [21].

Data regarding lung cancer in GPA patients are limited. 
There are some case reports and short case series in the 
literature [7, 22–26]. López et al. presented a patient with 
ANCA-positive GPA, who developed lung cancer that imi-
tated GPA relapse. The ANCA were negative at the time of 
cancer diagnosis, suggesting immunological remission of 
vasculitis [22]. Toriyama et al. reported an interesting case 
of GPA with lung cancer that developed while taking long-
term cyclophosphamide. The authors did not refer to ANCA 
status during the cancer diagnosis [23]. Our patient had a 
definite increase in ANCA titer which, with the presence 
of new infiltrations in the lungs, strongly suggested GPA 
relapse. Differential diagnosis of lung mass or cavitary lung 
disease is extensive and includes, for instance, various infec-
tions, autoimmune conditions, and primary and metastatic 
malignancies [27]. GPA, although rare, can also be a para-
neoplastic syndrome [28]. In many published cases, it was 
only the prolonged detailed diagnostics, based on imaging 
and histopathological examinations, that made it possible to 
determine the proper diagnosis and appropriate treatment 
[29–31]. It remains currently unknown whether there is an 
association between solid tumors and elevated serum levels 
of ANCAs [32, 33].

The link between lung cancer and GPA has not yet been 
investigated. The scale of the problem is illustrated by data 
from population-based studies. Sriskandarajah et al. found, 
on the basis of data from 419 patients with ANCA-asso-
ciated glomerulonephritis, 46 cancer cases in 41 (9.5%) 
patients with 7 lung cancers [34]. A study in Denmark link-
ing the identification of cancer in 293 granulomatosis with 
polyangiitis patients from 1973 to 1999 who were followed 
through to 2010, showed 73 cancers with 5 lung cancers 
among them (SIR 1,1) [12]. Jardel et al. in a retrospective 
analysis of the French Vasculitis Study Group registry found 
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that lung cancer was the most common cause of death due to 
malignancy in systemic necrotizing vasculitides [35]. Many 
chronic primary autoimmune diseases have been associ-
ated with an increased risk of de novo cancer development 
[36–39]. There was found to be a fourfold risk of lung cancer 
in patients from Sweden with systemic sclerosis, discoid 
lupus erythematosus, and polymyositis/dermatomyositis 
[40]. Yu et al. found an increased prevalence of lung cancer 
in patients with systemic sclerosis, Sjögren syndrome, lupus, 
and dermatomyositis, particularly in those with pulmonary 
involvement during the disease [41].

Detailed studies of lung cancer formation in vasculitis 
have not, to our knowledge, been carried out. Several poten-
tial mechanisms of increased malignancy risk in vasculitis 
have been suggested [42]. Evidence for CYC exposure as a 
lung carcinogen remains inconclusive. Cyclophosphamide 
is one of the immunosuppressive agents used as part of a 
chemotherapy regimen in lung cancer [43]. Pulmonary side 
effects of CYC are rare (< 1%) and are manifest either as an 
early-onset pneumonitis or as a late fibrosis [44]. There are 
no data regarding lung mass or lymphadenopathy induction 
by CYC.

The immune system dysfunction associated with autoim-
munity may increase the risk of certain cancers [45, 46]. 
Dysregulation of both the innate and the adaptive immune 
system might have led to the observed associations between 
autoimmunity and cancer. Chronic inflammation promotes 
genetic and epigenetic aberrations, with various patho-
geneses, and the actual mechanism of the autoimmune or 
inflammatory disease, such as the type of cells mediating the 
inflammation, seems not to affect cancer risk significantly 
[47]. An exaggerated anti-self-tissue immune response 
appears to cause the damage with subsequent inflammation 
leading to focal and systemic malignancy [46]. Pathogenic 
mechanisms with continuous accumulation and the prolifera-
tion of differentiated fibroblasts in the regions of repeated 
epithelial injury, connected with decreased apoptosis as well 
as pulmonary fibrosis, seem very similar to those followed 
by cancer cells, featuring unrestricted cell multiplication, 
immortality, or rapid immigration [41]. Uncontrolled inflam-
mation can become chronic, prompting cellular events that 
induce malignant cell transformation and carcinogenesis in 
surrounding tissues. The observation that tumors generally 
arise in the inflammatory tissue underlines the importance of 
the role of the local inflammatory mediators in carcinogen-
esis [41]. In AAV, inflammation at disease sites is perpetu-
ated by necrosis of the blood vessel walls and infiltration of 
immune cells into damaged organs. Immune aberrations in 
T cell response, in terms of both the cytokine profile (Th1/
Th2/Th17) and of Tregs, play a major role in the patho-
genesis of GPA [48]. Interleukin (IL)-17 and IL-23 play 
roles in inflammation and autoimmunity and are increased 
in patients with ANCA-associated vasculitis [49]. Recent 

studies have shown that the serum IL-23 level, but not that 
of IL-17, is also elevated in small cell lung cancer [50, 51]. 
As lung cancer is not a common event in GPA patients, it 
seems that there might be another possible triggering factor.

Established environmental risk factors for lung cancer 
include smoking cigarettes and other tobacco products, 
occupational lung carcinogens, radiation and air pollution. 
Smoking is one of the environmental factors that play an 
important role in the genesis of aberrant immune response 
and the development of different inflammatory diseases 
and has immuno-modulatory effects in several chronic 
inflammatory disorders [52]. Smoking is associated with a 
more intensive development of inflammatory diseases and 
is a significant and dose-dependent risk factor for relapse. 
Above all, cigarette smoking is the predominant cause of 
lung cancer and the leading worldwide cause of cancer 
death [52–57].

In the patient whose case has been presented, the cumu-
lative dose of CYC was about 75 g, which, in combination 
with a smoking habit, a family history of lung cancer (the 
patient’s sister), repeated exposure to X-rays (several lung 
and head-CTs were carried out during the course of GPA), 
could be associated with cancer development. It cannot, of 
course, be ruled out that the cancer as an accompanying 
disease was accidental in character.

Despite symptoms suggesting an exacerbation of vas-
culitis, such as a new mass and a high level of ANCA, it 
is still necessary to consider causes of pulmonary masses 
other than GPA relapse. It is also necessary to further eval-
uate the drugs used to treat GPA and their impact on the 
mechanisms leading to carcinogenesis. There is a contin-
ued need for alternatives to CYC that are less toxic and for 
cancer screening in patients with a high risk of neoplasm 
development [58]. Bronchoscopy with biopsy and histo-
pathological examination are crucial in proper differential 
diagnosis. GPA patients require long-term follow-up to 
monitor the possible development of complications during 
the treatment.
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