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Abstract 

Background Granulomatosis with polyangiitis (GPA) is characterized by necrotizing granulomatous inflamma‑
tion with necrotizing vasculitis predominantly affecting small to medium vessels. The survival rates have drasti‑
cally improved; however, GPA can be lethal, with older patients having a worse prognosis and higher mortality 
than younger patients. Moreover, the incidence of various cancers has been reported to increase in patients with GPA. 
We aimed to discuss possible associations between GPA and lung cancer and emphasize the associated diagnostic 
challenges.

Case presentation We encountered three older patients with chronic GPA who developed lung cancer during long‑
term follow‑up. Two of the patients had a smoking history, with one having silicosis and the other having chronic 
obstructive pulmonary disease. Furthermore, all of them had radiation exposure from repeated radiography/com‑
puted tomography. All the patients had confirmed GPA, and vasculitis relapse was first suspected when new lung 
lesions were noted during follow‑up. However, they had no new clinical symptoms, and serum ANCA titer increased 
only in one patient. All the patients received standard immunosuppressive treatment but eventually died.

Conclusions Lung cancer is uncommon in patients with GPA; however, the similarity between the imaging findings 
of lung cancer and GPA may pose a diagnostic challenge. Clinicians should be particularly vigilant when treating older 
patients with an increased risk of cancer, as they are often asymptomatic or have poorly apparent clinical features.
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Background
Granulomatosis with polyangiitis (GPA) is character-
ized by necrotizing granulomatous inflammation with 
necrotizing vasculitis predominantly affecting small to 
medium vessels. This condition belongs to the antineu-
trophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) family, because circulating ANCAs are 
detected in most patients [1]. Despite advances in treat-
ment, GPA can be lethal, with older patients having 
a worse prognosis and higher mortality than younger 
patients [2]. Patients with AAV have a high incidence 
of cancer, specifically non-melanoma skin cancer, leu-
kemia, and bladder cancer, which may be associated 
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with cyclophosphamide (CYC) use [3]. Lung cancer is 
uncommon in patients with GPA; however, the simi-
larity between the imaging findings of lung cancer and 
GPA may pose a diagnostic challenge and delay diag-
nosis. Diagnosis may be particularly difficult in patients 
with confirmed chronic GPA, in whom lung cancer may 
mimic a relapse of vasculitis. We present three rare cases 
of lung cancer in older patients with chronic GPA, and 
discuss the potential association between these two con-
ditions and the associated diagnostic challenges.

Case presentation
Patient 1 was diagnosed with GPA in February 2012 at 
69  years of age. He was an ex-smoker, had a history of 
silica exposure, and had undergone basal cell carcinoma 
surgery several years previously. GPA was diagnosed 
based on clinical symptoms and ANCA-positive status. 
The patient presented with peripheral polyneuropathy, 
skin lesions, and hematuria. Chest computed tomog-
raphy (CT) revealed lung nodules without cavitation 
(Fig.  1a). Standard immunosuppressive treatment was 
administered; however, due to incomplete regression of 
lung lesions after 6 months, the patient underwent a sur-
gical lung biopsy. Histopathological examination revealed 
silicosis and confirmed diagnosis of GPA. The treatment 
was completed in December 2013 (Fig.  1b) (total CYC 
dose: 31.5 g); however, in January 2014, the patient was 
readmitted because of a GPA flare-up. At that time, he 
experienced weakness, dyspnea, and hemoptysis. Chest 
CT revealed progression of lung nodules, and bron-
chofiberoscopy revealed multiple bronchial ulcerations. 

Urinalysis revealed a recurrence of microscopic hema-
turia, and the ANCA titer was increased. Histological 
examination of bronchial specimens confirmed the diag-
nosis of GPA. Rituximab was administered, resulting in 
clinical improvement and ANCA negativity. The next 
vasculitis flare-up occurred in April 2015. Rituximab was 
restarted, and oral methotrexate was administered as 
maintenance therapy. The patient was followed up every 
6 months, and in August 2017 (when the patient was aged 
74  years), CT revealed a new nodule in the right upper 
lobe (Fig. 1c). A second GPA relapse was suspected; how-
ever, ANCAs were not detected, and the patient was 
asymptomatic. The next CT, performed 3  months later, 
revealed that the nodule had grown (Fig. 1d). Bronchofib-
eroscopy results (cultures and cytology examination) 
were negative, and the patient underwent thoracotomy. 
Due to significant impairment of lung function, the 
wedge resection of the nodule was performed. Histologi-
cal examination revealed squamous cell carcinoma (stage 
T2aN0R0L0V0) (Fig. 1e). The patient received radiother-
apy (6000  cGy/t). Despite this, he died 14  months later 
because of cancer progression.

Patient 2 was diagnosed with GPA in March 2006 at 
61 years of age. He had a smoking history, and had been 
diagnosed with chronic obstructive pulmonary disease 
(COPD) 5  years previously. GPA was diagnosed based 
on clinical symptoms and ANCA-positive status, and 
confirmed via nasal mucosal biopsy. The patient pre-
sented with sino-nasal symptoms and kidney involve-
ment. Chest CT revealed multiple lung nodules, some of 
which exhibited cavitation (Fig. 2a). The patient received 

Fig. 1 Patient 1. Chest CT, lung window, axial plane; histological examination. a Baseline study. Nodules in the left lung, the larger lesion located 
in segment 1 + 2 of the upper lobe (black asterisk). The subsequent examination after one year (b) shows partial regression of lesions. Another 
chest CT during the follow ‑up (c) revealed a new nodule in the right upper lobe which enlarged at 3‑month observation (black arrow) (d). e 
Microscopic image of poorly‑differentiated squamous cell carcinoma in resection specimen (A—hematoxylin and eosin stain, magnification × 200; 
B—cytokeratin AE1AE3 immunohistochemical reaction, magnification × 200)
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standard immunosuppressive therapy from March 2006 
to May 2007 and showed improvement (Fig.  2b); how-
ever, in November 2008, he was readmitted because of 
a GPA flare-up, presenting with diffuse alveolar hemor-
rhage. Standard immunosuppressive treatment (total 
CYC dose: 54 g) was restarted and continued until Sep-
tember 2010, resulting in symptom resolution, improve-
ment in lung lesions, and ANCA titer reduction. In May 
2015 (when the patient was aged 70 years), CT performed 
during a follow-up visit revealed a single new tumor with 
cavitation in the left lung (Fig.  2c). The patient had no 
symptoms, and laboratory test results showed a signifi-
cant increase in ANCA titer. This pattern of findings was 
different from that of GPA, and histological examination 
of the material obtained via bronchofiberoscopy revealed 
squamous cell carcinoma (stage pT2aN0M0R0L0V0). 
The patient underwent a left upper lobectomy (Fig.  2d 
shows the microscopic image of resected specimen). 
However, he died of cancer progression 4 years later.

Patient 3 was diagnosed with GPA in February 2005 at 
71 years of age. She had never smoked, but had diabetes, 
hypertension, and bronchial asthma. The disease was lim-
ited to the lungs (chest CT revealed multiple lung nod-
ules) (Fig.  3a) and was confirmed based on histological 
examination findings and the patient’s ANCA-positive 

status. The patient was treated with standard immuno-
suppressive drugs (total CYC dose: 58.5  g) until March 
2007, and showed clinical and radiological improve-
ments. In February 2014 (when the patient was aged 
80 years), a chest CT revealed a single new tumor in the 
right lung (Fig. 3b). Relapse of GPA was considered; how-
ever, ANCA test results were negative, and the patient 
had no new symptoms. Biopsy revealed lung adenocar-
cinoma (clinical stage T2aN0M0) (Fig.  3c). Due to the 
clinical burden and lung function limitations (persistent 
airway obstruction and desaturation in a 6-min walk 
test), the patient was ineligible for surgical treatment. She 
received palliative care and died 1 year later.

Discussion and conclusions
This report presents three older patients with GPA 
who developed lung cancer during long-term follow-
up. These cases highlighted several important issues: 1) 
patients with GPA should undergo long-term monitor-
ing, even if they are in remission; 2) histological exami-
nation should be performed in patients with GPA who 
develop new lung lesions, especially in the absence of 
other organ involvement and signs of vasculitis; and 3) 
in patients with GPA, particularly older patients, onco-
logical vigilance should be maintained. Moreover, these 

Fig. 2 Patient 2. Chest CT, lung window, axial plane; histological examination. a Baseline study showed the cavitated lesion in segment 6 
of the right lower lobe (white arrow) which decreased in the next examination (b). A follow‑up examination 5 years later showed a new lesion 
with cavitation in the left upper lobe (white arrow) (c). d Microscopic image of keratinizing squamous cell carcinoma. Resection specimen 
(hematoxylin and eosin stain, magnification × 200)
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cases prompted us to consider the possible association 
between GPA and lung cancer, and to emphasize the 
associated diagnostic challenges.

Although many studies reported an increased inci-
dence of cancers in AAV compared to the general popu-
lation [3–7], data on lung cancer in patients with GPA 
are limited. Chemouny et  al. [8] described five patients 
with AAV who had lung cancer developing concur-
rently or within 2  years. Most of these patients (4/5) 
were elderly and ANCA positive and all of them had 
renal involvement. Three patients were diagnosed with 
squamous cell carcinoma, and two with adenocarci-
noma. Masiak et  al. [9] reported the case of a 63-year-
old man who developed small-cell lung cancer 12 years 
after GPA diagnosis. The patient had chronic GPA and 
during the course of the disease, relapses were observed 
with progression and cavitation of the infiltrates in the 
lungs. The patient was hospitalized because of head-
aches, general weakness, decrease in exercise capacity, 
and a tear of the eye, which combined with the pres-
ence of the new infiltrate in the lung, was suggestive of 

the next relapse of vasculitis, but finally small-cell lung 
cancer was diagnosed. In turn,Toriyama et  al. [10] pre-
sented a case of lung cancer that developed during long-
term CYC treatment for GPA, while Andino et  al. [11] 
described a 50-year-old male with chronic renal failure 
secondary to GPA, who 23  years after the diagnosis of 
vasculitis (and 12  years after the completion of treat-
ment) developed multifocal lung adenocarcinoma with 
pleural effusion. Herein, we described three patients 
with GPA who developed lung cancer 5–9  years after 
being diagnosed with vasculitis. All three patients were 
aged above 60  years when GPA was diagnosed, and all 
lung cancers were detected when GPA was in clinical 
remission. Increases in lung cancer incidence in patients 
with GPA have been reported [6–8]; however, only a sin-
gle Korean study demonstrated a significant increase in 
the adjusted hazard ratio (HR) of lung cancer (HR = 1.92, 
95% confidence interval, 1.20–3.07) [12]. In contrast, a 
retrospective analysis of the French Vasculitis Study reg-
istry found that lung cancer was the most frequent cause 
of death due to malignancy in patients with systemic 

Fig. 3 Patient 3. Chest CT, lung window, axial plane; histological examination. a Baseline CT revealed multiple nodules in both lungs (white arrows). 
b A follow‑up CT scan after 7 years showed new solid lesion in the right lung (black asterisk). c Microscopic image of adenocarcinoma in cell block 
(hematoxylin and eosin stain, magnification × 200)
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necrotizing vasculitides [13]. Therefore, patients with 
GPA must be monitored over the long term, even during 
remission, as our cases strongly highlight.

The classical presentation of GPA includes upper res-
piratory tract, lung, and kidney symptoms [14]. Lung 
findings are non-specific; however, the most common CT 
features include nodules and masses, often with cavita-
tion [15]. These features require differentiation, mainly 
from those of infections and primary and secondary 
lung malignancies. Diagnosis is particularly challeng-
ing when lesions are limited to the lungs [16]; moreover, 
because both GPA and lung cancer have similar clinical 
features, symptom masking may occur [9]. Finally, lung 
cancer may coexist with GPA [17]; this should be consid-
ered when diagnosing patients with AAV and pulmonary 
lesions. Our patients had confirmed GPA, and a relapse 
of vasculitis was first suspected when new lung lesions 
were noted during follow-up. However, they had no new 
clinical symptoms, and serum ANCA titer increased only 
in patient 2. Additionally, patient 1. developed numerous 
nodular lesions owing to silicosis, which further compli-
cated clinical interpretation of that patient’s CT scans. 
Owing to diagnostic uncertainty, all our patients under-
went a biopsy, which allowed us to establish the correct 
diagnosis. Our cases strongly highlight that long-term 
remission of vasculitis does not eliminate the need for 
vigilance when assessing new lung lesions in patients 
with GPA. Such patients should be further investi-
gated and not automatically diagnosed with vasculitis 
relapse. Biopsy and histological examinations should be 
considered, as they are essential for proper differential 
diagnosis.

The association between GPA and lung cancer has yet to 
be fully established. Systemic autoimmune rheumatic dis-
eases are associated with an increased risk of cancer, with 
the overall cancer risk for most patients being the high-
est in the first year of follow-up and decreasing thereafter 
[18]. In contrast, in our patients, lung cancer developed 
late in the observation period (5, 9, and 9 years after vas-
culitis diagnosis respectively). Several mechanisms may 
contribute to increased cancer risk in patients with auto-
immune rheumatic diseases, including chronic inflam-
mation and damage from the disease, cytotoxic therapies, 
and inability to clear oncogenic infections [19]. To the best 
of our knowledge, detailed studies on lung cancer forma-
tion in patients with vasculitis have not been conducted. 
As lung parenchymal inflammation is a symptom of GPA, 
the possible contribution of chronic inflammation to can-
cer development cannot be ruled out. The impact of CYC 
has also been considered. In fact, an increased incidence 
of non-melanoma skin cancers, bladder cancer and mye-
loid leukemia was demonstrated among patients exposed 
to cumulative CYC doses > 36  g [7]; however, lung injury 

after CYC treatment is rare (< 1%) and mainly manifests 
as early-onset pneumonitis or late-onset lung fibrosis [20]. 
In the study analysing solid malignancies among patients 
with Wegener’s granulomatosis treated with etanercept 
(WGET), patients who developed solid malignancies were 
more likely to be enrolled into the trial with a disease 
relapse (85% versus 54%, p = 0.04), and had longer disease 
duration (6.4 ± 3.9  years versus 3.3 ± 4.8  years, p = 0.001), 
while there were no differences in the assigned treatment, 
age, gender, or extent of disease [21]. On the other hand, 
the report of case of GPA that lung cancer has developed 
during the long-term treatment with CYC also exists. In 
that patient, cumulative dose of CYC was about 200 g and 
the duration was 12 years, which could be the risk of car-
cinogenesis [10]. Notably, rituximab treatment is not asso-
ciated with an increased malignancy risk compared with 
the general population and could therefore be a safe alter-
native to CYC in the treatment of AAV [22]. Other factors 
that may be considered include environmental factors such 
as cigarette smoking, radiation, and occupational lung car-
cinogens, with the common risk factors for both diseases 
can be exposure to silica and infectious agents [8, 23]. There 
is a hypothesis that there is a common pathway between 
AAV and malignancy, namely, that patients with vasculitis 
have an intrinsically higher risk of developing malignancies 
based on a state of acquired immunological dysfunction 
underlying both diseases [12, 24]. The observed ANCA 
titer variations related to lung cancer evolution may be also 
indicative of a link between both diseases, decreasing or 
becoming undetectable after cancer treatment and increas-
ing with cancer relapse [8]. Of the three our patients, two 
had a smoking history, with one of them having silicosis 
and the other having COPD. Furthermore, all patients were 
exposed to radiation because they repeatedly underwent 
radiography/CT. However, only in one patient (patient 2) 
the ANCA titer was increased at the time of lung cancer 
diagnosis, while in other ANCA was not detected. Another 
factor is older age of the patients. Recent data have shown 
that the incidence of cancer strongly increases after the age 
of 50 years; this has been thought to result from reduced 
immune system function, leading to inefficient purging of 
dysfunctional cells and an increase in the number of altered 
cells (including pre-neoplastic cells) [25]. According to data 
from NCI’s Surveillance, Epidemiology, and End Results 
Program, the median age of cancer diagnosis is 66  years, 
with the median age for lung cancer being 71  years [26]. 
Interestingly, our preliminary analysis of the data of 300 
patients with GPA observed since 1978 (data not published) 
revealed that none of the younger patients were diag-
nosed with lung cancer, whereas among the older patients 
(accounting for approximately 15% of all the groups), three 
developed lung cancer; the cases of these three patients 
have been reported herein, with the patients being 74, 70, 
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and 80 years old at the time of cancer diagnosis. In conclu-
sion, older age is an important risk factor for lung cancer, 
and oncological vigilance should be strongly maintained in 
patients with GPA, especially older patients, who develop 
new lung symptoms.

In summary, we present three cases of older patients 
with GPA who developed lung cancer during long-
term follow-up. These cases demonstrate that patients 
with GPA should be monitored even when vasculitis is 
in remission. This strategy enables early detection and 
appropriate treatment of cancer. Additionally, we high-
light the diagnostic challenges in patients with GPA who 
develop new lung lesions, emphasizing that although 
relapse is considered first, clinicians must suspect other 
potential causes, such as malignancy. In such cases, 
biopsy and histological examination are pivotal for appro-
priate differential diagnosis. Finally, clinicians should 
be particularly vigilant when managing older patients 
with GPA, who face a higher risk of cancer than younger 
patients. Our cases raise the question of a potential link 
between vasculitis and lung cancer and highlight the clin-
ical conditions recurrently observed together; however, 
they do not allow conclusions regarding the significance 
of their association or pathophysiological link, and fur-
ther studies on a larger number of patients are needed. 
Nonetheless, physicians should be aware of this potential 
association and consider it when treating patients with 
AAV who have new pulmonary lesions.
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