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Idiopathic pulmonary fibrosis coexisting with lung cancer 

Abstract
Idiopathic pulmonary fibrosis (IPF) is an interstitial lung disease with poor prognosis. Although the underlying mechanisms are 
not fully understood, IPF is connected with lung cancer development, which farther worsens the prognosis. Various papers report 
IPF and cancer coexistence in 9.8% to over 50% of patients depending on observation period. Contrary to already established 
guidelines in the general population, there are no widely accepted recommendations on lung cancer treatment in IPF population. 
At the same time, various oncologic interventions can result in acute exacerbation of IPF. In this paper authors tried to revise the 
available data on lung cancer in patients with preexisting IPF.
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Introduction

Idiopathic pulmonary fibrosis is the most 
commonly observed form of idiopathic interstitial 
pneumonia, yet as with other interstitial lung 
diseases, it could be frequently unrecognised 
[1–3]. It manifests itself as a usual interstitial 
pneumonia (UIP) pattern in the radiological and 
histopathological examination. IPF is the most 
prevalent in the population of older males with 
smoking history. The chronic and progressive 
character of the disease accounts for a  poor 
survival rate. The available treatment options are 
scarce and offer only a partial reduction in the 
decline of the lung function. 

The first widely accepted diagnostic criteria 
for IPF were published on the basis of a consen-
sus of the American Thoracic Society (ATS) and 
the European Respiratory Society (ERS) in 2000 
[4]. A revision of those criteria based on the cu-
rrent state of knowledge was published in 2011 
and 2018 [5, 6]. In the same year Fleischner So-
ciety proposed its own updated criteria [7]. The 

lack of an international consensus concerning 
the IPF diagnosis before the aforementioned 
guidelines causes difficulties in comparing novel 
data with the ones issued before the guidelines 
publication.

The available data show that IPF is associated 
with a high risk of lung cancer comorbidity, which 
further affects a poor survival prognosis [6]. Mo-
reover, former smokers diagnosed with coexisting 
lung emphysema (Combined Pulmonary Fibrosis 
and Emphysema, CPFE) are at an even higher risk 
of lung cancer [8]. Although the link between IPF 
and carcinogenesis has been proven, the available 
data have not allowed to develop widely accepted 
diagnostic and management protocols for patients 
with both diseases. 

Pathogenetic link

Despite the fact that IPF is associated with 
lung cancer development, the common under-
lying mechanisms connecting both conditions 
are poorly understood. 
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Histologically, UIP is characterised by fibro-
blastic foci. The pattern of proliferation and ‘inva-
sion’ of a normal lung tissue bears similarity with 
the cancer tissue proliferation. Simultaneously, 
the cells forming those foci lack monoclonality, 
characteristic of preneoplastic, and, to some 
extent, neoplastic processes and the ability to 
metastasise [9].

Suggested similarities in pathogenetic me-
chanisms on molecular levels include mutations 
of tumour suppressor genes, like p53 [11], or the 
fragile histidine triad gene (FHIT) [12], hiper-
methylation of the Thy-1 promotor region [13], 
changes in the expression of microRNA during 
epithelial-mesenchymal transition [14] culmina-
ting in cellular and intercellular abnormalities. 
Analogical changes observed on molecular, cellu-
lar and histological levels coupled with an ability 
to uncontrollably proliferate, and the signs of 
tissue invasion allowed some authors to advocate 
the view of IPF as a neoproliferative lung disorder, 
which can possibly link it with lung cancer [15].

Among hypotheses trying to explain the pa-
thogenetic connection between IPF and cancer, 
a  common factor or co-factor participating in 
the development of both diseases was proposed. 
Among possible agents, exposition to tobacco 
smoke is often postulated because of a  high 
prevalence of smokers among patients diagnosed 
with IPF [16, 17]. It is hypothesised that although 
tobacco smoking is generally associated with lung 
fibrosis, which significantly differs from IPF, the 
permanent inflammatory response in the lung 
tissue caused by tobacco smoke may augment 
the reaction to other, more direct causative fac-
tors ending in IPF development [18, 19]. There 
are four case series studies which explored the 
connection between occupational exposures and 
IPF. A study on 40 cases of cryptogenic fibrosing 
alveolitis found a significant connection between 
the disease development and occupational expo-
sures to organic and inorganic dusts, yet failed 
to prove one with smoking history [20]. On the 
other hand, a larger study including 248 cases of 
IPF diagnosed on the basis of radiological and 
pathological examinations showed the odds ratio 
of 1.6 (95% CI 1.1–2.4) for patients with the hi-
story of smoking. The odds elevated even further 
when only former smokers or smoking history of 
more than 20 pack-years were considered [18]. 
Another study with a studied group of a similar 
size gave comparable results — the odds ratio of 
1.57 (95% CI 1.01–2.43), yet the increase of the 
odds with pack-years was not proven. [21] The 
fourth research investigated IPF risk-factors on 

the basis of 86 patients. It reported the risk ratio 
of 2.9 for smoking [22]. Therefore, the data from 
available studies seem to support the existence 
of an association between IPF development and 
tobacco smoking, which can constitute a link to 
carcinogenesis in the lung tissue.

Epidemiology

Several studies published before the first 
ERS/ATS diagnostic consensus statement analy-
sed the association between IPF and lung can-
cer. In an investigation of a  series of patients 
from a single centre in London, lung cancer was 
diagnosed in 9.8% of subjects with IPF, termed 
cryptogenic fibrosing alveolitis then. If a patient 
was followed till death, the proportion rose to 
12.9% [23]. Another series from the United King-
dom adjusted for tobacco smoking examined the 
common risk factor of both diseases. The authors 
reported the rate ratio of 7.31 after excluding the 
risk connected with smoking history [24]. 

Two Japanese studies analysed prevalence 
rates of lung cancer in patients with a histopa-
thologically proven UIP pattern based on autopsy 
findings. The first research reported prevalence 
rates of 48.2 % of lung cancer in UIP patients in 
comparison to 9.1% in an age-matched popula-
tion without UIP [25]. The second study showed 
prevalence of 45.7%. The occurrence of squamous 
metaplasia in the analysed material from patients 
with both lung cancer and the UIP pattern was 
more frequent than in the UIP group without the 
neoplastic process [26]. However, the UIP pattern 
in histopathological specimens can be observed 
as a final stage of various interstitial diseases or 
other inflammatory processes like connective 
tissue diseases, radiation pneumonitis, or va-
rious drug adverse reactions. Histopathological 
examination alone cannot diagnose IPF without 
consideration of other clinical data. Therefore, 
investigations based on autopsy findings tend 
to overestimate the prevalence of IPF, and, con-
sequently, its possible connection with cancer 
development. 

On the other hand, the study approach based 
on the findings that mentioned both lung cancer 
and pulmonary fibrosis on death certificates 
showed different results. There were two such 
studies, one from the United States covering the 
years 1979–1991, the second was based on data 
from England and Wales in the years 1985–1986. 
Findings of both researches did not show any 
association between IPF and lung cancer. The me-
thodology used to assess the coexistence of both 
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disorders was criticised as pulmonary fibrosis 
tends to be underreported in certificates of mul-
tiple causes of death. Moreover, the definition of 
‘pulmonary fibrosis’ in those studies differs from 
the presently used diagnostic criteria [27–29].

Most of the investigations analysing epide-
miology of lung cancer in IPF are retrospective 
by design, and the reported incidence does not 
allow to recognise the changes in incidence in 
accordance with the follow-up duration. A Japa-
nese retrospective longitudinal cohort study was 
designed to allow the calculation of the cumula-
tive incidence. IPF was diagnosed according to 
the criteria proposed by the American Thoracic 
Society and the European Respiratory Society. The 
cumulative incidence of lung cancer rose from 
3.3% in the first year of the follow-up to 54.7% in 
the tenth year, the median duration to the cancer 
diagnosis was 120 months from the diagnosis [30]. 
In contrast, another study from Japanese authors 
showed lung cancer development rates of 12.2% 
and 23.3% after 5 and 10 years, respectively. 
However, the routine lung cancer screening was 
not implemented in the studied group, which can 
account for the discrepancies with other data from 
the Japanese population [8]. A similar study was 
based on a group of patients from Italy, where all 
cases of lung carcinoma were incidental findings. 
Among IPF patients with coexisting lung cancer, 
the cumulative incidence was 41% and 82% after 1 
and 3 years, respectively [31]. On the other hand, 
a Chinese study using the ATS/ERS IPF diagnostic 
criteria reported a 17.16% incidence of lung can-
cer in the studied population. 95.65% of cases of 
cancer were diagnosed at the same time as the IPF 
diagnosis was established. The authors suggest the 
cultural background leading to late reporting to 
the medical professionals as a cause [32]. Similar 
results were reported basing on a South Korean 
study sample, where lung cancer prevalence in 
IPF patients was 6.8%. Among 89 IPF subjects, 
a simultaneous diagnosis of lung cancer and IPF 
was established in 78.1% of cases [33].

Lung emphysema is prevalent in patients 
with IPF because the conditions share common 
risk factors. Since the 1990s the coexistence of 
both pathological entities was described and 
authors suggested the existence of a syndrome 
— CPFE [34]. Both pathologies constitute a risk 
factor for the development of lung cancer. In 
a study from South Korea, the authors concluded 
that CPFE patients had a higher risk of lung cancer 
development than patients with emphysema alo-
ne. The risk was similar to individuals diagnosed 
only with IPF [35].

Lung transplantation is one of the possible 
therapies for IPF. The immunosuppressive the-
rapy employed after the transplant contributes 
to the increase of the incidence of solid tumours 
in the transplant recipient. In the majority of 
cases lung cancer develops in the native lung. 
Although screening for malignancies is employ-
ed before the transplantation, there are cases in 
which cancer was found in the explanted lung 
tissue [36]. A higher incidence of bronchogenic 
carcinoma was reported in the general popu-
lation of lung and other solid organ transplant 
recipients [37]. In patients with lung fibrosis after 
single lung transplants, the frequency of lung 
cancer development in the native lung equalled 
4%, which was higher than in the group with 
emphysema (2%) [38].

Another possible therapeutic option consi-
dered in IPF is the antifibrotic therapy. There is 
one Japanese study comparing patients receiving 
pirfenidone (one of the two available antifibrotic 
drugs) and patients without the antifibrotic treat-
ment. Pirfenidone significantly reduced the risk 
of lung cancer development (2.1% in the treated 
group versus 22% in the non-treated group), yet 
it had no influence on the survival rate [39]. 
A possible explanation of the anticancer action of 
pirfenidone is the induction of cancer-associated 
fibroblasts apoptosis by the drug, demonstrated 
both in the in vitro model and in the mouse model 
in vivo [40].

When considering the risk of developing lung 
cancer in patients with IPF, one must take into ac-
count the competing risk events. IPF is generally 
associated with a poor prognosis. Because of that, 
a patient may die from other causes before cancer 
becomes clinically significant. Japanese authors 
in their paper on the incidence of lung cancer 
in IPF patients showed that IPF patients with 
lung cancer were younger and their pulmonary 
function was better than in the group without 
lung cancer [8]. Similarly, in the aforementioned 
pirfenidone study, a higher lung VC (vital capaci-
ty) was also associated with a higher risk of lung 
cancer development [40]. Therefore, poor progno-
stic factors may lower the risk of the lung cancer 
diagnosis because of the shorter survival time. 

Histopathology

An autopsy study reported the peripheral 
lung area as the main location of cancer, adjacent 
to the areas where non-fibrotic and fibrotic tissu-
es border. It suggests remodelling as a process 
connected with lung cancer development [25]. 
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Another autopsy study also documented periphe-
ral areas of the lung as the main location of cancer. 
The aforementioned fibrotic/non-fibrotic border, 
as well as the honeycomb areas showed a topo-
graphical association with cancer [26]. Likewise, 
studies using the radiological examination report 
a peripheral lung cancer location, adjacent to are-
as with the radiological UIP pattern [16, 33, 41]. 
The involvement of lower lobes is significantly 
more frequent in the neoplastic process connected 
with IPF than in patients without IPF [42].

Most studies announce squamous cell car-
cinoma as a  dominating histological type of 
lung cancer in IPF [30, 16, 42, 43]. One Chinese 
investigation found adenocarcinoma as the most 
frequently occurring type of cancer [32]. An analy-
sis of lung cancers in resected surgical specimens 
showed a similar incidence of squamous cell carci-
noma and adenocarcinoma. However, for obvious 
reasons, the studied group included only patients 
with lung carcinoma of up to stage IIIa [44].

Japanese and Korean authors showed the 
distribution of lung cancer subtypes in their series 
of patients with IPF similar to that of the general 
population with lung cancer in Japan [43, 44]. 
In contrast, a French study from 2017 compared 
two groups of patients with cancer developed in 
a fibrotic lung — one with underlining IPF and 
the other with fibrosis of a different background. 
In this series, a comparison of both groups re-
vealed a  frequency of histological types in the 
non-IPF group similar to the general population. 
Squamous cell carcinoma was predominant in the 
IPF group, which showed a different distribution 
in this group in comparison to the previously 
mentioned Japanese results [16].

Most of the available literature focuses ma-
inly on histology and location of IPF-associated 
cancer; therefore, the available data on the im-
munohistological and molecular characteristics 
are scarcer. It is hypothesised that cancer in IPF 
arises from pathologically proliferating bronchio-
lar epithelium in areas affected by honeycombing, 
which should influence the expression of im-
munohistochemical markers. There is one study 
comparing immunohistochemical markers in 
adenocarcinoma from the general population and 
a group with IPF. IPF-associated adenocarcinomas 
lacked the expression of TTF-1, napsin-A, and 
surfactant protein A, which were characteristic of 
adenocarcinoma in the control, IPF-unassociated 
group. The MUC5AC (goblet cell marker) expres-
sion was significantly more often encountered in 
IPF adenocarcinomas. The results demonstrate 
striking differences in the immunohistochemical 

pattern in adenocarcinoma from IPF patients [41]. 
The available data on genetic mutations in cancer 
in IPF generally concern adenocarcinomas. Papers 
point to a  lower frequency of EGFR (epidermal 
growth factor receptor) gene mutations [45, 46]. 
The frequency of mutations of ALK (anaplastic 
lymphoma kinase) gene does not differ from the 
one encountered in the general population [46]. 
Data on the KRAS gene mutations are inconc-
lusive. The available results show either a high 
prevalence of mutations or no differences with 
adenocarcinomas not related to IPF [45, 46]. 

Diagnostics, possible screening options

Although lung cancer worsens the already 
poor survival of IPF patients, there are no official 
guidelines issued by international organisations 
concerning screening for lung cancer in the po-
pulation with IPF [5, 47]. The recommendations 
developed for the general population cannot always 
be safely applied in IPF patients. For example, 
IPF patients can react with acute exacerbation 
when surgical intervention is performed, such as 
for example an open lung biopsy [48]. A group of 
Greek authors suggested an annual HRCT scan as 
the basic screening protocol. In their opinion no-
dules less than 8mm should be followed-up every 
3–6 months. A noticeable progression or the base 
diameter of more than 8mm should encourage PET
-CT. Results suggestive of the neoplastic process 
should be followed by a minimally invasive biopsy 
[47]. The National Comprehensive Cancer Network 
lung cancer screening guidelines from 2012 con-
sider pulmonary fibrosis an additional risk factor. 
The additional risk factor in patients > 50 years 
and smoking history above 20 pack-years justifies 
screening with the baseline low-dose computed 
tomography. If the presence of lung nodules is not 
detected, an annual CT for 3 years is recommended. 
There is no difference in the general population in 
terms of further evaluation of detected nodules [49].

Therapeutic options

Common therapeutic options employed in 
the lung cancer treatment in the general po-
pulation include surgery, chemotheraphy, and 
radiotheraphy. Nowadays, the targeted therapy 
and immunotherapy grow in significance. Those 
conventional treatment strategies can prove diffi-
cult in IPF patients because of the initial poor lung 
function results connected with the disease and 
the possibility of triggering an acute exacerbation 
of IPF, which has high mortality rates.
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Japanese investigators examined the effects 
of lobectomy and a partial lung resection without 
the lymph node dissection on lung cancer and 
IPF or CPFE patients. The surgical treatment was 
connected with cardiopulmonary complications 
in 20% of IPF patients and 38% of CPFE subjects. 
An acute exacerbation was diagnosed in 6% of 
patients and became a cause of death in most of 
the cases. More than half of the treated indivi-
duals experienced a relapse in 5-years’ time in 
both groups [50]. A broader approach to surgery 
was examined by a  team of researchers from 
Korea. They investigated procedures covering 
less invasive procedures, like wedge resection 
and segmentectomy, and wider resections up to 
pneumonectomy. The sublobar procedures were 
connected with a statistically insignificant lower 
in-hospital mortality rate. Sublobar resections 
were associated with less frequent respiratory 
complications, yet the local recurrence rate was 
as high as 20%. As the overall survival did not 
differ between the groups, the authors concluded 
that sublobar resection could become another 
treatment option in IPF subjects [44]. Even in 
pathologic stage IA patients, surgical treatment is 
connected with a 10.7% chance of an acute exa-
cerbation, which constituted a half of the respira-
tory failure- related fatal cases [51]. As seen from 
the above mentioned data, an acute exacerbation 
of IPF constitutes an important factor limiting the 
efficacy of the surgical treatment. Although the 
acute exacerbation usually proves fatal, there are 
no established treatment regimens or prevention 
measures [48, 51]. Because of that, a phase II trial 
conducted in Japan investigated perioperative 
pirfenidone in the prevention of a post-resection 
acute exacerbation. In preparation for surgery pir-
fenidone was administered at least for 2 weeks at 
a dose of 1200 mg/day, which was continued at le-
ast until the 30th day after surgery, with the dose 
escalation to 1800 mg/day, if viable. The results 
confirmed safety of perioperative pirfenidone 
administration and, in comparison to historical 
controls, a lower chance of an acute exacerbation 
with the pirfenidone regimen [52]. As further 
investigations in comparison to other medication 
regimens are needed, the surgery selection criteria 
still hold importance. Low values of preoperati-
ve %FVC were proven to predispose to higher 
rates of a postoperative acute exacerbation [53]. 
A similar relationship was reported for a lower 
diffusion capacity for carbon monoxide, the dif-
fusion capacity for carbon monoxide corrected 
for the alveolar volume, and a higher composite 
physiological index (value quantifying the IPF 

severity, derived from FVC, FEV1, and diffusion 
capacity for carbon dioxide) [54]. 

In advanced lung cancer unsuitable for surge-
ry or in patients with the post-operative recurren-
ce, chemotherapy is one of the feasible treatment 
options. In patients with IPF receiving chemothe-
rapy, an acute exacerbation becomes a concern, as 
with patients undergoing surgery. The preferred 
chemotherapy regimens in this group of patients 
still remain controversial, and small groups of 
patients with IPF in various cohorts further hin-
der obtaining quality data. A study conducted on 
a Japanese population with idiopathic interstitial 
pneumonias (including IPF) investigated safety 
and efficacy of combined carboplatin (AUC 5) 
with paclitaxel (100 mg/m2) in non-small cell 
lung cancer. One patient with proven IPF out of 
six enrolled in the study developed a fatal acute 
exacerbation due to chemotherapy. Other treat-
ment-related grade 3 or 4 toxicities included neu-
tropenia, hypersensitivity, and cerebral infarction. 
The overall response rate reached 61%, with the 
median survival time of 10.6 months [55]. Another 
study explored the influence of regimens construc-
ted with carboplatin, paclitaxel, docetaxel, and vi-
norelbine. The resulted overall response rate was 
similar to the general population, yet the number 
of acute exacerbations reached 43% [56]. It could 
be partially explained by other results, which 
found a statistically significant link between the 
inclusion of docetaxel in the chemotherapeutic 
regimen and a chance of an acute exacerbation. 
The same effect was absent for pemetrexed, pac-
litaxel, and nab-paclitaxel-based regimens [57]. 

Among two drugs used in pharmacological 
treatment of IPF, nintedanib is used in conjunc-
tion with docetaxel as second line treatment 
of lung adenocarcinoma. It is shown that this 
regimen offers significant elongation of overall 
survival [58]. On the other hand, the aforemen-
tioned concerns about docetaxel toxicity in IPF 
patients can hinder the use of this combination 
in IPF-related cancer patients.

Small cell lung cancer is uncommonly dia-
gnosed in IPF patients. The standard regimen of 
platin-derivate and etoposide was reported to in-
duce ‘a rapid deterioration’ (which can comprise 
an acute exacerbation) in 36.4% of patients. Other 
authors reported a 12.5% chance of exacerbation 
after carboplatin with etoposide. The reported 
overall response rates ranged 63–88% [59, 60]. 
Basing on those results, IPF patients with small 
cell lung cancer may benefit from standard che-
motherapy regimens; however, the possibility of 
an acute exacerbation cannot be neglected.
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Similar concerns about possible acute exa-
cerbations and also radiation pneumonitis refer 
to radiotherapy. However, in contrast to che-
motherapy and surgery, an official statement on 
radiotherapy in IPF was developed. The statement 
was published by the Czech Pneumological and 
Physiological Society and the Czech Society 
for Radiation Oncology, Biology and Physics in 
2017, and is available in the Czech language. In 
patients with inoperable non-small cell lung can-
cer who potentially can be treated radically, the 
consideration of the stereotactic body radiation 
is suggested. In treated patients, the chance of 
pneumonitis amounting to 5.3% (after the me-
dian of 1 month after irradiation) should be taken 
into account. In patients with locally advanced 
non-small cell lung cancer and all patients with 
small cell lung cancer, a palliative chemotherapy 
before irradiation is suggested. In palliative cases,  
a greater consideration should be made because 
of the possible further damage to the lung and, 
consequently, diminished quality of life. In very 
selected cases, external radiotherapy of small 
targets like, for example, main bronchi or brachy-
therapy, can be considered [61]. The proton beam 
therapy was investigated separately in patients 
with idiopathic pulmonary fibrosis. Data from 16 
patients with IPF and either primary lung cancer 
or lung metastases of lung cancer were analysed. 
After receiving 80Gy of the relative biological dose 
proton beam therapy, 19.8% of patients developed 
grade 3–5 pneumonitis. Simultaneously, grade 4– 
–5 pneumonitis occurred only in 6.3% of patients. 
That value is significantly lower in comparison to 
data from other available studies, which reported 
a 19–53.8% chance of pneumonitis of this severity [62].  
Although the analysed group was small and based 
on the experience of one centre, the achieved 
results suggest the proton beam therapy as a re-
latively safe procedure in IPF patients. 

Lately, the epidermal growth factor receptor 
tyrosine kinase inhibitors (EGFR-TKI) have been 
growing in significance in the treatment of non
-small cell lung cancer. As EGFR gene mutations 
are rarer in patients with IPF, the available data 
on their usefulness are scarce and based on single 
cases. Cases of a rapid deterioration are reported 
in patients receiving EGFR-TKI. Although the 
available evidence is weak, the use of EGFR-TKI 
should be associated with caution [56].

Prognosis, survival

IPF itself constitutes a risk factor for a poor 
prognosis. Various authors report the survival 

after IPF diagnosis ranging from 2.5 to 5 years, de-
pending on the studied group [4, 6]. Lung cancer 
is similarly connected with short survival times. 
The available data point to a 5-year survival rate, 
independent from the disease stage, of 16.8% [63].

As IPF is a rare disease, all studies investiga-
ting lung cancer in IPF patients suffer from small 
sample sizes. One of the biggest groups, reaching 
632 IPF patients, was accumulated in a cohort 
study by Eisuke Kato and co-authors. 70 patients 
developed lung cancer. If cancer was present at 
the stage of the IPF diagnosis, the all-cause mor-
tality over 5 years reached 93%. In comparison, 
in a group with lung cancer diagnosed during the 
follow-up, the mortality over 5 years was 47%, in 
a group without lung cancer — it reached 40% 
[9]. Similar results were obtained by Korean rese-
archers who analysed 70 patients with both IPF 
and lung cancer. The reported 5-year survival rate 
was 37.5% in patients with cancer in comparison 
to 72.5% [64]. On the other hand, Chinese data 
showed a far shorter median survival of 6.9 mon-
ths in patients with both lung cancer and IPF, in 
comparison to 36.2 months in patients with IPF 
alone [32]. The data from the Italian group point 
to the median survival of 38.7 months in contrast 
to 63.9 months, if cancer was not diagnosed [31]. 

Conclusion

IPF is a disease with a poor survival rate, 
which is further diminished by a higher risk of 
developing lung cancer than in case of the general 
population. Although many hypotheses linking 
both diseases have been proposed, none has re-
ceived a general recognition. Despite the fact that 
lung cancer has a profound negative impact on 
survival in IPF patients, screening protocols for 
general population can have limited usage, becau-
se of a higher risk of complications of diagnostic 
procedures in IPF subjects. Possible therapeutic 
options are scarce, and not backed by data from 
large studies. The available oncological treatment 
options may result in an acute exacerbation of IPF 
connected with a high risk of death. Therefore, 
further research should explore most efficient 
screening and diagnostic protocols.

Conflict of interest

The authors declare no conflict of interest.

References:
1.	 Duchemann B, Annesi-Maesano I, Jacobe de Naurois C, et al. 

Prevalence and incidence of interstitial lung diseases in a mul-



Michał Zieliński et al., Idiopathic pulmonary fibrosis coexisting with lung cancer

325www.journals.viamedica.pl

ti-ethnic county of Greater Paris. Eur Respir J. 2017; 50(2), doi: 
10.1183/13993003.02419-2016, indexed in Pubmed: 28775045.

2.	 Lee HE, Myong JP, Kim HR, et al. Incidence and prevalence of 
idiopathic interstitial pneumonia and idiopathic pulmonary 
fibrosis in Korea. Int J Tuberc Lung Dis. 2016; 20(7): 978–984, 
doi: 10.5588/ijtld.16.0003, indexed in Pubmed: 27287654.

3.	 Raghu G, Chen SY, Hou Q, et al. Incidence and prevalence of 
idiopathic pulmonary fibrosis in US adults 18-64 years old. Eur 
Respir J. 2016; 48(1): 179–186, doi: 10.1183/13993003.01653-
2015, indexed in Pubmed: 27126689.

4.	 Idiopathic Pulmonary Fibrosis: Diagnosis and Treatment. Ame-
rican Journal of Respiratory and Critical Care Medicine. 2000; 
161(2): 646–664, doi: 10.1164/ajrccm.161.2.ats3-00.

5.	 Raghu G, Collard HR, Egan JJ, et al. ATS/ERS/JRS/ALAT Com-
mittee on Idiopathic Pulmonary Fibrosis. An official ATS/ERS/
JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence
-based guidelines for diagnosis and management. Am J Respir 
Crit Care Med. 2011; 183(6): 788–824, doi: 10.1164/rccm.2009-
040GL, indexed in Pubmed: 21471066.

6.	 Raghu G, Remy-Jardin M, Myers JL, et al. American Thoracic 
Society, European Respiratory Society, Japanese Respiratory 
Society, and Latin American Thoracic Society. Diagnosis of 
Idiopathic Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT 
Clinical Practice Guideline. Am J Respir Crit Care Med. 2018; 
198(5): e44–e68, doi: 10.1164/rccm.201807-1255ST, indexed 
in Pubmed: 30168753.

7.	 Lynch DA, Sverzellati N, Travis WD, et al. Diagnostic criteria 
for idiopathic pulmonary fibrosis: a Fleischner Society White 
Paper. Lancet Respir Med. 2018; 6(2): 138–153, doi: 10.1016/
S2213-2600(17)30433-2, indexed in Pubmed: 29154106.

8.	 Kato E, Takayanagi N, Takaku Y, et al. Incidence and predictive 
factors of lung cancer in patients with idiopathic pulmonary fi-
brosis. ERJ Open Res. 2018; 4(1), doi: 10.1183/23120541.00111-
2016, indexed in Pubmed: 29410958.

9.	 Teixeira MR, Heim S. Cytogenetic analysis of tumor clonality. 
Adv Cancer Res. 2011; 112: 127–149, doi: 10.1016/B978-0-12-
387688-1.00005-3, indexed in Pubmed: 21925303.

10.	 Cool CD, Groshong SD, Rai PR, et al. Fibroblast foci are not 
discrete sites of lung injury or repair: the fibroblast reti-
culum. Am J Respir Crit Care Med. 2006; 174(6): 654–658, doi: 
10.1164/rccm.200602-205OC, indexed in Pubmed: 16799077.

11.	 Kuwano K, Kunitake R, Kawasaki M, et al. P21Waf1/Cip1/Sdi1 
and p53 expression in association with DNA strand breaks 
in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 
1996; 154(2 Pt 1): 477–483, doi: 10.1164/ajrccm.154.2.8756825, 
indexed in Pubmed: 8756825.

12.	 Uematsu K, Yoshimura A, Gemma A, et al. Aberrations in the 
fragile histidine triad (FHIT) gene in idiopathic pulmonary 
fibrosis. Cancer Res. 2001; 61(23): 8527–8533, indexed in Pub-
med: 11731438.

13.	 Sanders Y, Pardo A, Selman M, et al. Thy-1 Promoter Hyperme-
thylation. American Journal of Respiratory Cell and Molecular 
Biology. 2008; 39(5): 610–618, doi: 10.1165/rcmb.2007-0322oc.

14.	 Liang H, Gu Y, Li T, et al. Integrated analyses identify the 
involvement of microRNA-26a in epithelial-mesenchymal 
transition during idiopathic pulmonary fibrosis. Cell Death 
Dis. 2014; 5: e1238, doi: 10.1038/cddis.2014.207, indexed in 
Pubmed: 24853416.

15.	 Bamberg A, Redente EF, Groshong SD, et al. Fibroblast foci are 
not discrete sites of lung injury or repair: the fibroblast reti-
culum. Am J Respir Crit Care Med. 2006; 174(6): 654–658, doi: 
10.1164/rccm.200602-205OC, indexed in Pubmed: 16799077.

16.	 Guyard A, Danel C, Théou-Anton N, et al. Morphologic and 
molecular study of lung cancers associated with idiopathic 
pulmonary fibrosis and other pulmonary fibroses. Respir Res. 
2017; 18(1): 120, doi: 10.1186/s12931-017-0605-y, indexed in 
Pubmed: 28619094.

17.	 Johnston ID, Prescott RJ, Chalmers JC, et al. British Thora-
cic Society study of cryptogenic fibrosing alveolitis: current 
presentation and initial management. Fibrosing Alveolitis 
Subcommittee of the Research Committee of the British Tho-
racic Society. Thorax. 1997; 52(1): 38–44, indexed in Pubmed: 
9039238.

18.	 Baumgartner KB, Samet JM, Stidley CA, et al. Cigarette smo-
king: a  risk factor for idiopathic pulmonary fibrosis. Am J 

Respir Crit Care Med. 1997; 155(1): 242–248, doi: 10.1164/
ajrccm.155.1.9001319, indexed in Pubmed: 9001319.

19.	 Kelsen SG, Duan X, Ji R, et al. Cigarette smoke induces an 
unfolded protein response in the human lung: a  proteomic 
approach. Am J Respir Cell Mol Biol. 2008; 38(5): 541–550, doi: 
10.1165/rcmb.2007-0221OC, indexed in Pubmed: 18079489.

20.	 Scott J, Johnston I, Britton J. What causes cryptogenic fibrosing 
alveolitis? A case-control study of environmental exposure to 
dust. BMJ. 1990; 301(6759): 1015–1017, indexed in Pubmed: 
2249047.

21.	 Gait R, Maginnis C, Lewis S, et al. Occupational exposure 
to metal or wood dust and aetiology of cryptogenic fibrosing 
alveolitis. Lancet. 1996; 347(8997): 284–289, indexed in Pub-
med: 8569361.

22.	 Iwai K, Mori T, Yamada N, et al. Idiopathic pulmonary fibro-
sis. Epidemiologic approaches to occupational exposure. Am 
J Respir Crit Care Med. 1994; 150(3): 670–675, doi: 10.1164/
ajrccm.150.3.8087336, indexed in Pubmed: 8087336.

23.	 Turner-Warwick M, Lebowitz M, Burrows B, et al. Cryptoge-
nic fibrosing alveolitis and lung cancer. Thorax. 1980; 35(7): 
496–499, indexed in Pubmed: 7434310.

24.	 Hubbard R, Venn A, Lewis S, et al. Lung cancer and crypto-
genic fibrosing alveolitis. Am J Respir Crit Care Med. 2000; 
161(1): 5–8.

25.	 Matsushita H, Tanaka S, Saiki Y, et al. Lung cancer associated 
with usual interstitial pneumonia. Pathol Int. 1995; 45(12): 
925–932, indexed in Pubmed: 8808297.

26.	 Hironaka M, Fukayama M. Pulmonary fibrosis and lung carci-
noma: a comparative study of metaplastic epithelia in honey-
combed areas of usual interstitial pneumonia with or without 
lung carcinoma. Pathol Int. 1999; 49(12): 1060–1066, indexed 
in Pubmed: 10632926.

27.	 Mapel DW, Hunt WC, Utton R, et al. Idiopathic pulmona-
ry fibrosis: survival in population based and hospital based 
cohorts. Thorax. 1998; 53(6): 469–476, indexed in Pubmed: 
9713446.

28.	 Wells C, Mannino DM. Pulmonary fibrosis and lung cancer 
in the United States: analysis of the multiple cause of death 
mortality data, 1979 through 1991. South Med J. 1996; 89(5): 
505–510, indexed in Pubmed: 8638179.

29.	 Harris JM, Cullinan P, McDonald JC. Does cryptogenic fibro-
sing alveolitis carry an increased risk of death from lung can-
cer? J Epidemiol Community Health. 1998; 52(9): 602–603, 
indexed in Pubmed: 10320862.

30.	 Ozawa Y, Suda T, Naito T, et al. Cumulative incidence of 
and predictive factors for lung cancer in IPF. Respirology. 
2009; 14(5): 723–728, doi: 10.1111/j.1440-1843.2009.01547.x, 
indexed in Pubmed: 19659650.

31.	 Tomassetti S, Gurioli C, Ryu JH, et al. The impact of lung 
cancer on survival of idiopathic pulmonary fibrosis. Chest. 
2015; 147(1): 157–164, doi: 10.1378/chest.14-0359, indexed in 
Pubmed: 25166895.

32.	 Liu Y, Zhu M, Geng J, et al. Incidence and radiologic-patholo-
gical features of lung cancer in idiopathic pulmonary fibrosis. 
Clin Respir J. 2018; 12(4): 1700–1705, doi: 10.1111/crj.12732, 
indexed in Pubmed: 29094803.

33.	 Lee KJ, Chung MP, Kim YW, et al. Prevalence, risk factors 
and survival of lung cancer in the idiopathic pulmonary fi-
brosis. Thorac Cancer. 2012; 3(2): 150–155, doi: 10.1111/j.
1759-7714.2011.00107.x, indexed in Pubmed: 28920300.

34.	 Jacob J, Bartholmai BJ, Rajagopalan S, et al. Functional 
and prognostic effects when emphysema complicates idio-
pathic pulmonary fibrosis. Eur Respir J. 2017; 50(1), doi: 
10.1183/13993003.00379-2017, indexed in Pubmed: 28679612.

35.	 Kwak N, Park CM, Lee J, et al. Lung cancer risk among patients 
with combined pulmonary fibrosis and emphysema. Respir 
Med. 2014; 108(3): 524–530, doi: 10.1016/j.rmed.2013.11.013, 
indexed in Pubmed: 24462477.

36.	 Hendriks LEL, Drent M, van Haren EHJ, et al. Lung cancer 
in idiopathic pulmonary fibrosis patients diagnosed during 
or after lung transplantation. Respir Med Case Rep. 2012; 5: 
37–39, doi: 10.1016/j.rmedc.2011.10.003, indexed in Pubmed: 
26029585.

37.	 Ahmed Z, Marshall MB, Kucharczuk JC, et al. Lung cancer 
in transplant recipients: a single-institution experience. Arch 

http://dx.doi.org/10.1183/13993003.02419-2016
https://www.ncbi.nlm.nih.gov/pubmed/28775045
http://dx.doi.org/10.5588/ijtld.16.0003
https://www.ncbi.nlm.nih.gov/pubmed/27287654
http://dx.doi.org/10.1183/13993003.01653-2015
http://dx.doi.org/10.1183/13993003.01653-2015
https://www.ncbi.nlm.nih.gov/pubmed/27126689
http://dx.doi.org/10.1164/ajrccm.161.2.ats3-00
http://dx.doi.org/10.1164/rccm.2009-040GL
http://dx.doi.org/10.1164/rccm.2009-040GL
https://www.ncbi.nlm.nih.gov/pubmed/21471066
http://dx.doi.org/10.1164/rccm.201807-1255ST
https://www.ncbi.nlm.nih.gov/pubmed/30168753
http://dx.doi.org/10.1016/S2213-2600(17)30433-2
http://dx.doi.org/10.1016/S2213-2600(17)30433-2
https://www.ncbi.nlm.nih.gov/pubmed/29154106
http://dx.doi.org/10.1183/23120541.00111-2016
http://dx.doi.org/10.1183/23120541.00111-2016
https://www.ncbi.nlm.nih.gov/pubmed/29410958
http://dx.doi.org/10.1016/B978-0-12-387688-1.00005-3
http://dx.doi.org/10.1016/B978-0-12-387688-1.00005-3
https://www.ncbi.nlm.nih.gov/pubmed/21925303
http://dx.doi.org/10.1164/rccm.200602-205OC
https://www.ncbi.nlm.nih.gov/pubmed/16799077
http://dx.doi.org/10.1164/ajrccm.154.2.8756825
https://www.ncbi.nlm.nih.gov/pubmed/8756825
https://www.ncbi.nlm.nih.gov/pubmed/11731438
http://dx.doi.org/10.1165/rcmb.2007-0322oc
http://dx.doi.org/10.1038/cddis.2014.207
https://www.ncbi.nlm.nih.gov/pubmed/24853416
http://dx.doi.org/10.1164/rccm.200602-205OC
https://www.ncbi.nlm.nih.gov/pubmed/16799077
http://dx.doi.org/10.1186/s12931-017-0605-y
https://www.ncbi.nlm.nih.gov/pubmed/28619094
https://www.ncbi.nlm.nih.gov/pubmed/9039238
http://dx.doi.org/10.1164/ajrccm.155.1.9001319
http://dx.doi.org/10.1164/ajrccm.155.1.9001319
https://www.ncbi.nlm.nih.gov/pubmed/9001319
http://dx.doi.org/10.1165/rcmb.2007-0221OC
https://www.ncbi.nlm.nih.gov/pubmed/18079489
https://www.ncbi.nlm.nih.gov/pubmed/2249047
https://www.ncbi.nlm.nih.gov/pubmed/8569361
http://dx.doi.org/10.1164/ajrccm.150.3.8087336
http://dx.doi.org/10.1164/ajrccm.150.3.8087336
https://www.ncbi.nlm.nih.gov/pubmed/8087336
https://www.ncbi.nlm.nih.gov/pubmed/7434310
https://www.ncbi.nlm.nih.gov/pubmed/8808297
https://www.ncbi.nlm.nih.gov/pubmed/10632926
https://www.ncbi.nlm.nih.gov/pubmed/9713446
https://www.ncbi.nlm.nih.gov/pubmed/8638179
https://www.ncbi.nlm.nih.gov/pubmed/10320862
http://dx.doi.org/10.1111/j.1440-1843.2009.01547.x
https://www.ncbi.nlm.nih.gov/pubmed/19659650
http://dx.doi.org/10.1378/chest.14-0359
https://www.ncbi.nlm.nih.gov/pubmed/25166895
http://dx.doi.org/10.1111/crj.12732
https://www.ncbi.nlm.nih.gov/pubmed/29094803
http://dx.doi.org/10.1111/j.1759-7714.2011.00107.x
http://dx.doi.org/10.1111/j.1759-7714.2011.00107.x
https://www.ncbi.nlm.nih.gov/pubmed/28920300
http://dx.doi.org/10.1183/13993003.00379-2017
https://www.ncbi.nlm.nih.gov/pubmed/28679612
http://dx.doi.org/10.1016/j.rmed.2013.11.013
https://www.ncbi.nlm.nih.gov/pubmed/24462477
http://dx.doi.org/10.1016/j.rmedc.2011.10.003
https://www.ncbi.nlm.nih.gov/pubmed/26029585


Advances in Respiratory Medicine 2018, vol. 86, no. 6, pages 319–326 

326 www.journals.viamedica.pl

Surg. 2004; 139(8): 902–906, doi: 10.1001/archsurg.139.8.902, 
indexed in Pubmed: 15302702.

38.	 Collins J, Kazerooni EA, Lacomis J, et al. Bronchogenic car-
cinoma after lung transplantation: frequency, clinical cha-
racteristics, and imaging findings. Radiology. 2002; 224(1): 
131–138, doi: 10.1148/radiol.2241011189, indexed in Pubmed: 
12091672.

39.	 Miura Y, Saito T, Tanaka T, et al. Reduced incidence of lung 
cancer in patients with idiopathic pulmonary fibrosis treated 
with pirfenidone. Respir Investig. 2018; 56(1): 72–79, doi: 
10.1016/j.resinv.2017.09.007, indexed in Pubmed: 29325685.

40.	 Mediavilla-Varela M, Boateng K, Noyes D, et al. The anti-fi-
brotic agent pirfenidone synergizes with cisplatin in killing 
tumor cells and cancer-associated fibroblasts. BMC Cancer. 
2016; 16: 176, doi: 10.1186/s12885-016-2162-z, indexed in 
Pubmed: 26935219.

41.	 Caliò A, Lever V, Rossi A, et al. Increased frequency of bron-
chiolar histotypes in lung carcinomas associated with idiopa-
thic pulmonary fibrosis. Histopathology. 2017; 71(5): 725–735, 
doi: 10.1111/his.13269, indexed in Pubmed: 28556957.

42.	 Aubry MC, Myers JL, Douglas WW, et al. Primary pulmona-
ry carcinoma in patients with idiopathic pulmonary fibrosis. 
Mayo Clin Proc. 2002; 77(8): 763–770, indexed in Pubmed: 
12173712.

43.	 Nagai A, Chiyotani A, Nakadate T, et al. Lung cancer in pa-
tients with idiopathic pulmonary fibrosis. Tohoku J Exp Med. 
1992; 167(3): 231–237, indexed in Pubmed: 1488744.

44.	 Joo S, Kim DK, Sim HJe, et al. Clinical results of sublobar re-
section versus lobectomy or more extensive resection for lung 
cancer patients with idiopathic pulmonary fibrosis. J Thorac 
Dis. 2016; 8(5): 977–984, doi: 10.21037/jtd.2016.03.76, indexed 
in Pubmed: 27162674.

45.	 Masai K, Tsuta K, Motoi N, et al. Clinicopathological, Im-
munohistochemical, and Genetic Features of Primary Lung 
Adenocarcinoma Occurring in the Setting of Usual Interstitial 
Pneumonia Pattern. J Thorac Oncol. 2016; 11(12): 2141–2149, 
doi: 10.1016/j.jtho.2016.07.034, indexed in Pubmed: 27575421.

46.	 Kojima Y, Okudela K, Matsumura M, et al. The pathological fe-
atures of idiopathic interstitial pneumonia-associated pulmo-
nary adenocarcinomas. Histopathology. 2017; 70(4): 568–578, 
doi: 10.1111/his.13103, indexed in Pubmed: 27757985.

47.	 Tzouvelekis A, Spagnolo P, Bonella F, et al. Patients with IPF 
and lung cancer: diagnosis and management. The Lancet Re-
spiratory Medicine. 2018; 6(2): 86–88.

48.	 Kondoh Y, Taniguchi H, Kitaichi M, et al. Acute exacerba-
tion of interstitial pneumonia following surgical lung biop-
sy. Respir Med. 2006; 100(10): 1753–1759, doi: 10.1016/j.
rmed.2006.02.002, indexed in Pubmed: 16584880.

49.	 Wood DE, Kazerooni EA, Baum SL, et al. National com-
prehension cancer network. Lung cancer screening. J Natl 
Compr Canc Netw. 2012; 10(2): 240–265, indexed in Pubmed: 
22308518.

50.	 Sato S, Koike T, Hashimoto T, et al. Surgical Outcomes of 
Lung Cancer Patients with Combined Pulmonary Fibrosis and 
Emphysema and Those with Idiopathic Pulmonary Fibrosis 
without Emphysema. Ann Thorac Cardiovasc Surg. 2016; 
22(4): 216–223, doi: 10.5761/atcs.oa.15-00315, indexed in 
Pubmed: 27052999.

51.	 Saito Y, Kawai Y, Takahashi N, et al. Survival after surgery for 
pathologic stage IA non-small cell lung cancer associated with 
idiopathic pulmonary fibrosis. Ann Thorac Surg. 2011; 92(5): 

1812–1817, doi: 10.1016/j.athoracsur.2011.06.055, indexed in 
Pubmed: 21944440.

52.	 Iwata T, Yoshino I, Yoshida S, et al. West Japan Oncology 
Group. A phase II trial evaluating the efficacy and safety of pe-
rioperative pirfenidone for prevention of acute exacerbation of 
idiopathic pulmonary fibrosis in lung cancer patients undergo-
ing pulmonary resection: West Japan Oncology Group 6711 L 
(PEOPLE Study). Respir Res. 2016; 17(1): 90, doi: 10.1186/
s12931-016-0398-4, indexed in Pubmed: 27450274.

53.	 Kushibe K, Kawaguchi T, Takahama M, et al. Operative indi-
cations for lung cancer with idiopathic pulmonary fibrosis. 
Thorac Cardiovasc Surg. 2007; 55(8): 505–508, doi: 10.1055/s-
2007-965645, indexed in Pubmed: 18027337.

54.	 Kumar P, Goldstraw P, Yamada K, et al. Pulmonary fibrosis and 
lung cancer: risk and benefit analysis of pulmonary resection. 
J Thorac Cardiovasc Surg. 2003; 125(6): 1321–1327, indexed 
in Pubmed: 12830051.

55.	 Minegishi Y, Sudoh J, Kuribayasi H, et al. The safety and 
efficacy of weekly paclitaxel in combination with carbopla-
tin for advanced non-small cell lung cancer with idiopathic 
interstitial pneumonias. Lung Cancer. 2011; 71(1): 70–74, doi: 
10.1016/j.lungcan.2010.04.014, indexed in Pubmed: 20493578.

56.	 Watanabe N, Taniguchi H, Kondoh Y, et al. Efficacy of che-
motherapy for advanced non-small cell lung cancer with idio-
pathic pulmonary fibrosis. Respiration. 2013; 85(4): 326–331, 
doi: 10.1159/000342046, indexed in Pubmed: 23171837.

57.	 Kanaji N, Tadokoro A, Kita N, et al. Impact of idiopathic pul-
monary fibrosis on advanced non-small cell lung cancer survi-
val. J Cancer Res Clin Oncol. 2016; 142(8): 1855–1865, doi: 
10.1007/s00432-016-2199-z, indexed in Pubmed: 27350261.

58.	 Gottfried M, Bennouna J, Bondarenko I, et al. Efficacy and 
Safety of Nintedanib Plus Docetaxel in Patients with Advan-
ced Lung Adenocarcinoma: Complementary and Exploratory 
Analyses of the Phase III LUME-Lung 1 Study. Target On-
col. 2017; 12(4): 475–485, doi: 10.1007/s11523-017-0517-2, 
indexed in Pubmed: 28702806.

59.	 Watanabe N, Taniguchi H, Kondoh Y, et al. Chemotherapy for 
extensive-stage small-cell lung cancer with idiopathic pul-
monary fibrosis. Int J Clin Oncol. 2014; 19(2): 260–265, doi: 
10.1007/s10147-013-0554-5, indexed in Pubmed: 23592279.

60.	 Minegishi Y, Kuribayashi H, Kitamura K, et al. The feasi-
bility study of Carboplatin plus Etoposide for advanced 
small cell lung cancer with idiopathic interstitial pneumo-
nias. J Thorac Oncol. 2011; 6(4): 801–807, doi: 10.1097/
JTO.0b013e3182103d3c, indexed in Pubmed: 21336181.

61.	 Kolek V, Vašáková M, Šterclová M, et al. [Radiotherapy of 
Lung Tumours in Idiopathic Pulmonary Fibrosis]. Klin Onkol. 
2017; 30(4): 303–306, doi: 10.14735/amko2017303, indexed in 
Pubmed: 28832178.

62.	 Ono T, Hareyama M, Nakamura T, et al. The clinical results 
of proton beam therapy in patients with idiopathic pulmo-
nary fibrosis: a single center experience. Radiat Oncol. 2016; 
11: 56, doi: 10.1186/s13014-016-0637-3, indexed in Pubmed: 
27090216.

63.	 Howlader N, Noone AM, Krapcho M et al. SEER Cancer Sta-
tistics Review, 1975-2009 (Vintage 2009 Populations). http://
seer.cancer.gov/csr/1975_2009_pops09/ (30.10.2018).

64.	 Lee T, Park JiY, Lee HY, et al. Lung cancer in patients with 
idiopathic pulmonary fibrosis: clinical characteristics and im-
pact on survival. Respir Med. 2014; 108(10): 1549–1555, doi: 
10.1016/j.rmed.2014.07.020, indexed in Pubmed: 25175479.

http://dx.doi.org/10.1001/archsurg.139.8.902
https://www.ncbi.nlm.nih.gov/pubmed/15302702
http://dx.doi.org/10.1148/radiol.2241011189
https://www.ncbi.nlm.nih.gov/pubmed/12091672
http://dx.doi.org/10.1016/j.resinv.2017.09.007
https://www.ncbi.nlm.nih.gov/pubmed/29325685
http://dx.doi.org/10.1186/s12885-016-2162-z
https://www.ncbi.nlm.nih.gov/pubmed/26935219
http://dx.doi.org/10.1111/his.13269
https://www.ncbi.nlm.nih.gov/pubmed/28556957
https://www.ncbi.nlm.nih.gov/pubmed/12173712
https://www.ncbi.nlm.nih.gov/pubmed/1488744
http://dx.doi.org/10.21037/jtd.2016.03.76
https://www.ncbi.nlm.nih.gov/pubmed/27162674
http://dx.doi.org/10.1016/j.jtho.2016.07.034
https://www.ncbi.nlm.nih.gov/pubmed/27575421
http://dx.doi.org/10.1111/his.13103
https://www.ncbi.nlm.nih.gov/pubmed/27757985
http://dx.doi.org/10.1016/j.rmed.2006.02.002
http://dx.doi.org/10.1016/j.rmed.2006.02.002
https://www.ncbi.nlm.nih.gov/pubmed/16584880
https://www.ncbi.nlm.nih.gov/pubmed/22308518
http://dx.doi.org/10.5761/atcs.oa.15-00315
https://www.ncbi.nlm.nih.gov/pubmed/27052999
http://dx.doi.org/10.1016/j.athoracsur.2011.06.055
https://www.ncbi.nlm.nih.gov/pubmed/21944440
http://dx.doi.org/10.1186/s12931-016-0398-4
http://dx.doi.org/10.1186/s12931-016-0398-4
https://www.ncbi.nlm.nih.gov/pubmed/27450274
http://dx.doi.org/10.1055/s-2007-965645
http://dx.doi.org/10.1055/s-2007-965645
https://www.ncbi.nlm.nih.gov/pubmed/18027337
https://www.ncbi.nlm.nih.gov/pubmed/12830051
http://dx.doi.org/10.1016/j.lungcan.2010.04.014
https://www.ncbi.nlm.nih.gov/pubmed/20493578
http://dx.doi.org/10.1159/000342046
https://www.ncbi.nlm.nih.gov/pubmed/23171837
http://dx.doi.org/10.1007/s00432-016-2199-z
https://www.ncbi.nlm.nih.gov/pubmed/27350261
http://dx.doi.org/10.1007/s11523-017-0517-2
https://www.ncbi.nlm.nih.gov/pubmed/28702806
http://dx.doi.org/10.1007/s10147-013-0554-5
https://www.ncbi.nlm.nih.gov/pubmed/23592279
http://dx.doi.org/10.1097/JTO.0b013e3182103d3c
http://dx.doi.org/10.1097/JTO.0b013e3182103d3c
https://www.ncbi.nlm.nih.gov/pubmed/21336181
http://dx.doi.org/10.14735/amko2017303
https://www.ncbi.nlm.nih.gov/pubmed/28832178
http://dx.doi.org/10.1186/s13014-016-0637-3
https://www.ncbi.nlm.nih.gov/pubmed/27090216
http://seer.cancer.gov/csr/1975_2009_pops09/
http://seer.cancer.gov/csr/1975_2009_pops09/
http://dx.doi.org/10.1016/j.rmed.2014.07.020
https://www.ncbi.nlm.nih.gov/pubmed/25175479

