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Abstract: Background: An increasing body of evidence has suggested that idiopathic pulmonary fibrosis is inclined 
to combine with lung cancer in recent years. Thus we studied the correlation of the two diseases to raise awareness 
of the risk of lung cancer in pulmonary fibrosis patients among doctors and patients. Methods: Data about the epi-
demiology, pathogenesis, clinical features and treatment strategies of idiopathic pulmonary fibrosis associated lung 
cancer cited in this review were obtained from major databases such as Pubmed, Web of Science, Embase, Scoups, 
Cancerlit and so on from 1957 to 2015. Results: The prevalence rate of lung cancer in pulmonary fibrosis patients 
is much higher than that in general population. Perturbed signaling pathways, epigenetic and genetic changes, and 
oxidative stress are all thought to be involved in the pathogenesis of idiopathic pulmonary fibrosis associated lung 
cancer. Hemoptysis and chest pain should be an alert for the presence of lung cancer in pulmonary fibrosis pa-
tients. The peripheral, lower, and highly fibrotic regions are the most common sites of lung cancer. Adenocarcinoma 
and squamous cell carcinoma are the most common types in idiopathic pulmonary fibrosis associated lung cancer 
patients. The treatment strategies including medication and surgery are controversial, complex and thorny. Conclu-
sion: Idiopathic pulmonary fibrosis is associated with an increased lung cancer risk. It is necessary to raise aware-
ness of lung cancer risk in idiopathic pulmonary fibrosis patients. Further research investigating the pathogenesis 
of idiopathic pulmonary fibrosis associated lung cancer could help develop newer therapeutic targets for treatment 
of idiopathic pulmonary fibrosis and lung cancer.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is the most 
common form of idiopathic interstitial pneu- 
monia with a prevalence of approximately 
20/100,000 and the cause is still unknown. 
The characteristic imaging findings include 
honeycombing in both lower lobes and under 
the pleura, while collagen bundles and fibro-
blast clusters are the main histological fea-
tures. The disease typically has an insidious yet 
relentless progression and responds poorly to 
glucorticoids and other immunosuppressive 
therapies. The disease is associated with a 
poor prognosis, and respiratory failure is the 
most common cause of death in these patients. 
Therefore, IPF has become a highly lethal dis-
ease similar to lung cancer (LC). The role of pul-
monary fibrosis in the pathogenesis of LC was 

first proposed in 1957 [1]. An increasing body 
of evidence has suggested that IPF patients 
have an increased risk of lung cancer and that 
lung cancer worsens the prognosis of patients 
with IPF. The correlation of IPF with LC has 
evoked much interest recently [2, 3]. Rese- 
arches show that there are many similarities in 
the pathogenesis of the two diseases. In this 
systemic review, we aim to research the correla-
tion of IPF and LC by searching abundant litera-
tures from major databases such as Pubmed, 
Web of Science, Embase, Scoups, Cancerlit and 
so on. The references with regard to the aspects 
of the pathogenesis of IPF and LC, and the epi-
demiology, clinical features and treatment 
strategies of IPF-LC are selected for the review. 
References eventually cited in the review are 
mainly from Pubmed and Web of Science from 
1957 to 2015. The recognition of common 
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pathogenic pathways between the two diseas-
es would be attractive to the researchers to 
explore new clinical trials in terms of drugs and 
other effective interventions for the IPF and LC. 
Moreover, their correlation can raise aware-
ness of the risk of lung cancer in IPF patients 
among doctors and patients.

Epidemiology of IPF-LC

Over the past 50 years, considerable research 
has been conducted on IPF-LC, however, the 
morbidity across studies is not comparable. 
Some scholars in China have reviewed IPF-LC 
related literature, coming to the conclusion that 
the morbidity is 4.8%-48% [4], while the studies 
conducted in other countries have revealed a 
morbidity rate of 9.8%-38% [5]. Although the 
data are different, the morbidities are obviously 
higher than that in the general population 
(about 2%-6.4%) [6]. It is apparent there is a 
wide variability in the reported prevalence, 
maybe a paucity of prospective cohort studies 
is an important reason for the difficult determi-
nation of accurate prevalence of lung cancer in 
IPF patients [4].

The pathogenesis of IPF-LC

Epithelial to mesenchymal transitions (EMT)

EMT is a complex phenomenon which is char-
acterized by acquisition of markers of fibro-
blasts and myofibroblasts such as α-smooth 
muscle actin (α-SMA) and N-cadherin and the 
loss of epithelial markers including E-cadherin 
leading to the transformation of the epithelial 
cell into a motile mesenchymal cell. EMT is 
known to be an important mechanism of epi-
thelial injury and fibrosis in several tissues [7, 
8]. During the EMT process, the cell junctions of 
epithelial cells are lost and the cytoskeletons 
are remoulded, transforming the cells into spin-
dles from polygonal shapes and acquiring inva-
sive attributes due to loss of polarity and adhe-
sive property. Besides, many signal molecules 
in EMT are thought to be related to the genesis 
of carcinomas. These phenomena indicate EMT 
process is associated with malignant transfor-
mation of epithelial cells and the metastasis of 
epitheliogenic tumors [9]. 

EMT can be induced by a variety of growth fac-
tors and cytokines including transforming 
growth factor β (TGF-β), fibroblast growth fac-

tor-2 (FGF-2), epidermal growth factor (EGF), 
insulin-like growth factor-2 (IGF-II), interleukin-1 
(IL-1), and Wnt ligands [10]. The multifunctional 
cytokine TGF-β that is known to regulate cell 
proliferation, differentiation, apoptosis, surviv-
al and the production of matrix, is regarded as 
the “control switch” for fibrogenesis in several 
tissues including the lung tissue [11]. In addi-
tion, TGF-β-induced EMT can initiate carcinoma 
cell migration and invasion, and also allows the 
generation of stromal cells that support and 
instruct cancer progression [12, 13]. Therefore, 
we think TGF-β-induced EMT is highly likely an 
important mechanism for lung cancer in IPF. 
We will make a more detailed explanation 
below through the introduction of TGF-β signal-
ing pathway and the associated signaling 
molecules.

Activated TGF-β combines with the receptors 
and initiates the downstream signaling path-
ways by the activation of some enzymes in the 
extra cellular matrix (ECM) such as matrix 
metalloproteinase (MMP) (Figure 1), including 
the Smad and non-Smad signaling pathways 
[14]. Activated Smad2 and Smad3 combines 
with Smad4 to form the Smad complex in the 
Smad pathway realizing the expression of mes-
enchymal markers including α-SMA, N-cadherin 
and MMP, and inhibiting the expression of epi-
thelial markers known as E-cadherin via tran-
scription factors such as Snail, ZEB and bHLH 
families [11, 15, 16]. In addition, Smad path-
way can also activate protein kinase B(Akt) and 
glycogen synthase kinase-3β (GSK-3β) via non-
genomic signaling molecules such as integrin-
linked kinase (ILK), thus downregulate β-catenin 
expression and initiate EMT [17].

Many studies have suggested that the above 
molecules strongly relate to the onset, invasion 
and metastasis of lung cancer. ZEB1, a mem-
ber of the Zinc finger E-box binding protein 
(ZEB) family, over expresses in lung cancer tis-
sue, and is induced by the mutation of tumor 
inhibitor genes such as K-Ras and LKB1 gene. 
Besides, there is a negative correlation bet- 
ween the level of ZEB1 and LKB1 [18]. Snail, 
the zinc-finger transcription factor superfamily 
has a similar structure to ZEB family and can 
enhance malignant tumor invasion by over-
expression [19]. Transcription factor Twist, an 
important member of the bHLH family, is a key 
regulator in EMT. It is known to induce malig-
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nant transformation of alveolar epithelium into 
bronchial epithelium, and mediate angiogene-
sis via the vascular endothelial growth factor 
(VEGF) receptor. Therefore, the molecule app- 
ears to be instrumental in conferring invasive 
and metastatic properties to NSCLC [20]. ILK is 
a kind of Ser/Thr protein kinase and has the 
peculiarity of proto-oncogenes. It inhibits cell 
apoptosis and promotes tumor angiogenesis by 
the activation of PI3K/Akt and GSK-3β [21]. 
The activation of PI3K/Akt and GSK-3β has 
been shown to downregulate the expression of 
β-catenin on the surface of cells, and influence 
the function of the complex of β-catenin and 
E-cadherin via inducing cytoplasmic aggrega-
tion/nuclear translocation. The decrease of 
β-catenin weakens the adhesive ability of cells, 
and makes the lung cancer cells more invasive 
and with a greater predilection for metastasis 
[21-23].

The Smad signaling pathway is the main mech-
anism of EMT induced by TGF-β. However, in 
certain conditions, many non-Smad signaling 
pathways, including PI3K/Akt, RhoA (Ras homo-
logue A), PAR6 (partitioning defective 6) and 
MAPK are also known to facilitate EMT [10]. 
PI3K/Akt can inhibit apoptosis and induce cell 

proliferation and angiogenesis by activating the 
downstream substrate m-TOR, and facilitate 
the genesis of lung cancer [24]. The Rho sub-
family, a member of the Ras superfamily, is 
known to regulate the cytoskeletal structure 
and rearrange adherens junctions. RhoA is 
over-expressed in carcinomatous lung tissue 
according to the research made by Bhowmick 
et al. [25]. In addition, Ozdamar [26] found that 
phosphorylated PAR6 can induce RhoA ubiqui-
tination and degradation, thereby prompting 
the rearrangement of cytoskeletons likewise. 
Since the rearrangement of cytoskeletons and 
the loss of cell polarity are indicative of EMT 
malignant transformation, RhoA and PAR6 are 
believed to be closely linked to the genesis and 
progression of lung cancer. 

Activated Wnt signaling pathway (Figure 1) 
induces the downregulation of E-cadherin and 
β-catenin expression via GSK-3β, besides, acti-
vated Notch signaling pathways (Figure 1) can 
also downregulate E-cadherin expression via 
transcription factors RBPJK/CBS1/Su. The 
abnormal activated pathways are also known 
to lead to EMT and induce the onset, invasion 
and metastasis of lung cancer [27, 28].

Figure 1. A complex of inducers and effectors involved in epithelial to mesenchymal transition. Activated TGF-β 
binds to the receptors and initiates the downstream biological effect by activation of Smad and non-Smad signaling 
pathways. Activated Smad pathway induces the upregulation of α-SMA, N-cadherin and MMP and downregulation of 
E-cadherin via transcription factors Snail, ZEB and bHLH families, which results in the EMT eventually. In addition, 
Smad pathway can also activate Akt and GSK-3β via ILK, thus induces the downregulation of β-catenin expression 
and EMT subsequently. PI3K/Akt, RhoA, PAR6 and MAPK involved in the non-Smad signaling pathway can downreg-
ulate β-catenin and prompt rearrangement of cytoskeletons and cell junction’s degradation. Activated Wnt signaling 
pathway induces the downregulation of E-cadherin and β-catenin expression via GSK-3β, besides, activated Notch 
signaling pathways can also downregulate E-cadherin expression via transcription factors RBPJK/CBS1/Su. The 
above mentioned alteration of cytoskeleton rearrangement, cell junction’s degradation, the increased expression of 
N-cadherin, MMP etc. and the decreased expression of E-cadherin will eventually lead to EMT.
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In conclusion, EMT is not only an important 
intermediate mechanism for pulmonary fibro-
sis, but also appears to be a driver of the gen-
esis and progression of lung cancer via the 
abnormally activated signaling pathways men-
tioned above and the cellular morphological 
changes. 

Fibroblast growth factor (FGF) signaling path-
way

The name FGF comes from its function of stim-
ulating fibroblast reproduction. It serves to 
exacerbate cell proliferation, differentiation 
and angiogenesis. A total of 22 FGFs had been 
documented in mammals, most of which are 
secretory glycoproteins and play a role via auto-
crine or paracrine signaling. FGFR is a member 
of the immunoprotein family which has four iso-
forms FGFR1-FGFR4. Each FGFR monomer 
consists of an extracellular domain, an acidic 
box, a transmembrane domain and a split tyro-
sine kinase domain. The extracellular domain 
includes a ligand binding site which is consist-
ed of two or three Ig loops that arise by alterna-
tive splicing. Alternative splicing of the third Ig 
loop will generate the IIIb or IIIc isoform of the 
receptor. IIIc isoform is usually found to be 
expressed in the mesenchyme, while IIIb is 
mostly expressed in epithelial cells [29].

FGF1, also referred to as the heparin binding 
growth factor, is expressed in both epithelial 
and mesenchymal cells, and is known to inter-
act with different isoforms of FGFRs, activate 
downstream signals, and play a role in restora-
tion after lung damage [30]. Mackenzie et al. 
[5] reported an increased expression of FGF1, 
mesenchyme originating FGFR2c, FGFR3c, and 
a decrease in the levels of FGFR-1b and FGFR-
2b in IPF patients. Further, findings reported by 
Ju [31] and Becerril [32] also indicate that up-
regulation of FGFR-2b and the down-regulation 
of FGFR-2c accelerates the development of pul-
monary fibrosis. The precise mechanism by 
which the FGFR signaling pathway affects IPF is 
still unclear. Abnormal activity of FGF/FGFR has 
been shown to induce MAPK, p-ERK, PI3K/Akt, 
polyomavirus enhancer activator (PEA3) and 
other downstream moieties, and subsequently 
facilitates EMT and the development of inva-
sive properties and transfer of lung cancer [5, 
33-35]. 

The expression of platelet-derived factor recep-
tor a (PDGFRa) and vascular endothelial growth 

receptor 1 (VEGFR1) besides FGFR expression 
also appears to increase in IPF patients besides 
FGFR [36, 37]. Nintedanib is an orally adminis-
tered tyrosine kinase inhibitor which inhibits 
the development of pulmonary fibrosis by the 
suppression of MMP-induced increase in the 
tissue inhibitor of metalloproteinase, followed 
by a reduction in matrix deposition. Moreover, 
the drug also exerts an antitumor action over 
FGFR, PDGFR, VEGF and downstream MAPK, 
ERK and other molecular pathways to inhibit 
the generation of tumor vasculature [38]. In 
Oct. 2014, the FDA authorized the use of nint-
edanib in patients with IPF. The EMA also admit-
ted its function in IPF and recommends the 
combination therapy of nintedanib and docetax-
el as a secondary option in cases of NSCLC 
metastasis and relapse [39]. Overall FGFR, 
FDGFR and VEGFR have been shown to be rel-
evant to the link between IPF and lung cancer in 
a therapeutic context.

Epigenetic changes

Epigenetics is the study of changes in organ-
isms caused by modification of gene expres-
sion rather than alteration of the genetic code 
itself, including DNA methylation, histone modi-
fications (such as methylation and acetylation, 
etc.) and the expression of microRNA [40].

Thy-1 (CD90) is one member of the family of 
minimum cell surface immunoglobulins, which 
can regulate the reaction between cells and 
intercellular matrix expressed in normal fibro-
blasts. In a rat model of pulmonary fibrosis, 
methylation of gene promoter leads to down-
regulation of Thy-1 expression. With the aggra-
vation of fibrosis, the expression of Thy-1 is pro-
gressively decreased [41-43]. The down-re- 
gulated expression of Thy-1 has also been 
linked to the invasiveness of lung cancer [44]. 
P14ARF gene has been shown to prevent carci-
nogenesis by inhibiting the cell cycle and induc-
ing apoptosis, thereby, acting as a tumor-sup-
pressor gene. After its promoter 5’CpG island is 
abnormally methylated, the gene is in an inac-
tive state and plays an important role in the 
development of lung cancer because cell prolif-
eration is out of control [45]. Similarly, the 
silence of P14ARF gene mediated by hyper-
methylation has been proven to be an impor-
tant mechanism of lung fibroblast apoptosis 
resistance, which leads to the occurrence and 
development of IPF [46].
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MicroRNA (miRNA) is a noncoding single-
stranded RNA molecule containing about 22 
nucleotides, which participates in the tran-
scriptional regulation of gene expression, both 
in flora and fauna. Abnormal regulation of miR-
NAs is known to induce abnormal expression of 
genes, and increases susceptibility to disease. 
The involvement of miRNAs in the pathogene-
sis of various lung diseases such as cystic 
fibrosis, asthma, lung cancer, COPD (chronic 
obstructive pulmonary disease) and IPF is well-
documented [47]. The role of miRNA in the 
pathogenesis of IPF is of considerable interest. 
Approximately, 10% of miRNAs including miR-
21, miR-29, miR-155, miR-26 a, miR-17~92, 
miR-96, miR-326 etc. have been implicated in 
the occurrence of IPF [48-53]. Upregulation of 
miRNA-21 expression has been shown to 
induce activation of TGF-β signaling pathway, 
which, in turn, is known to facilitate the occur-
rence and progression of pulmonary fibrosis 
[54]. A high level of miRNA-21 was also shown 
to promote proliferation, survival, invasion and 
metastasis in squamous cell lung carcinoma 
[55]. FOXO3A is an important member of the 
FOXO (forkhead box protein) family, which is 
involved in cell transformation, angiogenesis 
and tumor occurrence. The function of FOXO3A 
has been shown to be inhibited by upregulation 
of miRNA-96 expression causing IPF progres-
sion [50]. Further miRNA-96 has also been 
shown to promote apoptosis and inhibit pro-
gression of non-small cell lung cancer in the 
event of its downregulation [56]. Similarly, 
many other miRNAs have been implicated to be 
related to non-small cell lung cancer, approxi-
mately 50% of which are located in the cancer-
associated genomic regions. The best-known is 
the let-7 family, which itself has an anticancer 
effect and is also known to inhibit Ras, HMGA2 
protocarcinogenic gene expression [57]. Let-7 
family also appears to play a role in the patho-
genesis of pulmonary fibrosis. Ebrahimi et al. 
[47] have found that the let-7 located in the 
alveolar epithelial cells was downreguated in 
the EMT pathway induced by TGF-β, increasing 
α-SMA and N-cadherin expression, and caus-
ing alveolar interval thickening and collagen 
synthesis and deposition.

Genetic changes

Considering that patients with congenital dys-
keratosis are often affected by pulmonary 

fibrosis, researchers set about studying the 
mutations of age related genes and pulmonary 
fibrosis from this perspective. In a study, muta-
tions of telomerase genes (TERT and TERC) 
were found to be most common in patients with 
sporadic as well as familial IPF, especially in the 
distal alveolar epithelial cells [58]. The muta-
tions in telomerases result in unsuccessful 
repeated additions of telomeres, and the grad-
ual shortening of telomeres leads to dysfunc-
tion of tissue stem cells or initial cells and then 
restricts the engineering of tissues. On testing 
the domain of the TERT gene in the chromo-
some, R865H missense mutation and V747 
frameshift mutation were found in 15% familial 
IPF patients, and likewise, similar mutations 
were also detected in a few patients with spo-
radic IPF [59, 60]. The above findings appear to 
implicate mutations of age-related genes TERT 
and TERC in the pathogenesis of IPF. However, 
in approximately 25% of IPF patients, short-
ened telomeres are detected in peripheral 
blood leukocytes without TERT and TERC muta-
tions. Therefore, the involvement of other gene 
mutations inducing IPF appears likely [61]. The 
TERT gene which is instrumental in determining 
the telomerase activity is normally in a state of 
suppression. However, its over-expression can 
be induced by the mutation of this gene in the 
carcinomatous tissue (including lung cancer) 
[62]. The rs2736100 mutation from T to C in 
TERT gene is related to its over-expression in 
lung adenocarcinoma. Furthermore, suppres-
sion of TERT expression is shown to induce 
apoptosis of cancer cells and loss of carcinoge-
nicity due to the shortening of telomeres [63]. 
The mechanism underlying telomere shorten-
ing, in the absence of mutations in TERT or 
TERC in known cases of IPF is unknown, as is 
the mechanism by which the TERT and TERC 
mutations or telomere shortening induces IPF. 
Nonetheless, the mutations of telomerases are 
likely to be the common pathway in the patho-
genesis of IPF and lung cancer pathogenesis 
according to current studies.

The repeated cycles of epithelial insult and 
repair in IPF lung tissues was shown to induce 
P53 gene mutation. Kawasaki et al. [64] detect-
ed a P53 gene mutation and P53 protein 
change in 23% and 54% of patients with squa-
mous metaplasia respectively; 40% and 60% of 
cases of squamous metaplasia with atypia; 
57% and 62% of cases with squamous cell car-
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cinoma; and 0% and 4% of other hyperplastic 
lesions. These findings suggest that P53 muta-
tion is common in squamous metaplasia, and 
invariably occurs around the fibrotic tissues. 
These findings are particularly relevant and 
offer new leads for investigating the etiology of 
IPF complicating lung cancer. In addition to the 
mutations of tumor suppressor genes, the acti-
vation of proto-oncogenes is also detrimental 
to the genesis and development of lung cancer. 
The 12th codon point mutation of proto-onco-
gene K-Ras (GGT→GTT) in IPF has been shown 
to correlate with overexpression of Ras protein 
in type II alveolar epithelial cells and appears to 
induce development of lung cancer in IPF [65]. 

BRCA1 (Breast Cancer 1) has been used to 
define the susceptibility linked to breast and 
ovarian cancers. However, in recent years, this 
gene has been implicated in tumorigenesis and 
angiogenesis in several tumors besides being 
of prognostic relevance in NSCLC [66]. BARD1 
(BRCA1 related loop domain 1) can combine 
with and stabilize P53 gene, and thereby con-
trols cell proliferation, promotes cell apoptosis, 
and inhibits tumorigenesis. Therefore, BRCA1 
appears to have the characteristics of tumor 
suppressor genes [67]. BARD1β is one of 
BARD1 alternative splicing isoforms, and loses 
the ability to suppress tumors owing to the lack 
of the N-terminal loop domain linking to BRCA1. 
On the contrary, it is considered to be a driving 
factor of malignant tumors, and the level of its 
expression has been shown to correlate with 
the progression of malignant tumors. Over-
expression of BARD1β has been shown to pro-
mote the genesis and invasion of lung cancer 
besides being of prognostic relevance [68, 69]. 
Further, a lack of BARD1β expression in normal 
individuals, its overexpression in IPF patients, 
as well as its role in fibroblast proliferation in 
EMT induced by TGF-β have been documented 
[70]. 

In conclusion, mutations of the P53 and K-Ras 
genes and the over expression of BARD1β 
appear to induce lung cancer in IPF patients. 
Furthermore, the risk for lung cancer is remark-
ably higher in IPF patients as compared to 
those without IPF.

Oxidative stress

The role of oxidative stress in inducing mito-
chondrial DNA (mtDNA) damage and mutations 

and causing alveolar epithelial cell apoptosis, 
interstitial lung fibrosis and other pulmonary 
diseases, such as lung cancer and COPD, has 
been well-documented [71, 72]. The underlying 
mechanism by which oxidative stress-induced 
mt-DNA damage causes lung fibrosis is not 
known. Catalase has been shown to attenuate 
IPF fibroblast activity [73] and reduce GSH in 
IPF alveolar epithelial cell surface liquid; NAC 
may blunt the degree of lung fibrosis in a mouse 
model of bleomycin-induced lung fibrosis [74]. 
These findings indicate that oxidative stress 
accelerates lung fibrosis. Compared to nuclear 
DNA (nDNA), mtDNA is more sensitive to oxida-
tive damage and may sustain 10-fold higher 
mutation rate as compared to that of nDNA. 
Owing to the respiratory chain, mitochondria 
tend to acquire an affinity for reactive oxygen 
species (ROS), which appears to be the main 
reason for this phenomenon, given that mt-
DNA lacks the protection of histone [72]. 
Mitochondrial insult or mutation leads to respi-
ratory chain dysfunction, abnormal cell metab-
olism, the acceleration of aerobic glycolysis 
and malignant transformation, which all reflect 
the observations made by Warburg [75]. Wang 
et al. [76] reported the existence of mt-DNA 
mutation in more than 40% of NSCLC patients. 
Therefore, blocking the oxidative stress and 
protecting the integrity of mt-DNA appears to 
be a potential strategy for treatment of IPF-LC.

In summary, the above factors of epithelial 
mesenchymal transitions, gene mutations, epi-
genetic changes, oxidative stress and FGFR sig-
naling pathways, are all increasing the risk of 
carcinogenesis in IPF patients. However, the 
reasons for the different endings, IPF or LC, by 
the common mechanisms are unknown. 
Therefore, further research with regards to the 
different endings underlying more detailed 
mechanisms is required in order to help devel-
op targeted preventive interventions.

Clinical features and treatment

IPF usually occurs in people older than 50 
years, with the main clinical symptoms being 
irritant cough and dyspnea. 25%~63% of the 
IPF patients have clubbed fingers. Besides the 
features above, IPF-LC is common in elderly 
males with a history of heavy cigarette smok-
ing, and hemoptysis and clubbing are more 
common [77]. Therefore, in an IPF patient hav-
ing an exacerbation of cough, sputum produc-
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tion and dyspnea, and who presents with 
hemoptysis and chest pain, should alert the 
treating physician to the possibility of lung can-
cer. The common location and pathological 
types in patients with IPF-LC are not insistent, 
however, most studies suggest that the periph-
eral, lower, and highly fibrotic regions tend to be 
more affected [6, 77, 78]. Nevertheless, there 
are studies that suggest a low propensity for 
cancer developed in the fibrosed areas, and 
have reported carcinoma as being more com-
mon in the upper lobes [79]. According to Oh et 
al. [80] when IPF patients are diagnosed with 
lung cancer, more patients tend to be in the 
early stages, manifest circular or oval-shaped 
nodules on chest radiograph, with an average 
diameter of 17 mm. Further, the first average 
tumor doubling time is 77 days and the second 
is about 53 days. Studies conducted by Lee et 
al. [78] in 2000 and 2005 also reported that 
adenocarcinoma was observed to be the most 
common type of lung cancer. However, others 
have reported squamous cell carcinoma as the 
most common pathological type [77, 81]. Turner 
and Mizushima et al. [82, 83] found squamous 
cell carcinoma to be the most common type in 
male patients with IPF-LC, and adenocarcino-
ma as the most common type in their female 
counterparts. We have some speculations 
about theses contradictory results found in the 
literature above. It is known that squamous cell 
carcinoma has a higher correlation with smok-
ing than adenocarcinoma, and smoking is 
much more common in male than female. 
Therefore, it may be the reason why some 
researchers claimed squamous cell carcinoma 
is the most common type of lung cancers in IPF 
patients. There is literature claiming adenocar-
cinoma is the most type of lung cancers in 
female IPF patients. In consideration of rese- 
arches showing estrogen receptor is relevant to 
the genesis of the pulmonary adenocarcinoma, 
therefore we think estrogen receptors also par-
ticipate in the genesis of lung cancer in IPF 
patients. In addition, the different size and 
composition of samples may be one of the 
important reasons why contradictory results 
are found in the literature, therefore it is very 
necessary to expand the sample size and 
research further. 

Owing to the compromised cardiopulmonary 
reserve, treatments of lung cancer in IPF-LC 
patients require several considerations. Alth- 

ough more IPF patients are diagnosed with lung 
cancer in the early stage than the late stage, it 
is prudent to carefully assess the indication for 
surgery. Pneumonia, ARDS and AEIPF are the 
common post-operative complications that 
may lead to respiratory failure which is associ-
ated with a high mortality rate [79, 84]. Lee et 
al. [79] found no correlation in basal lung func-
tion, sex, smoking, surgical factors and patho-
logical type between IPF-LC patients who died 
of post-operative respiratory failure and the 
survivors, suggesting that IPF may be an inde-
pendent predictor for survival in these patients. 
However, the reported survival rates have wide-
ly varied in different studies. Watanabe et al. 
[85] pointed out that IPF should not be consid-
ered as a contraindication for surgery in pa- 
tients with stage I lung cancer, and cited a five-
year survival rate of 61.6% in patients with IPF-
LC as against 83% in patients without IPF. Lee 
et al. [78], however, reported a post-operative 
five-year survival rate of 37.5% in IPF-LC 
patients as against 72.5% in patients without 
IPF. Owing to the contradictory findings, the 
question about the five-year survival rate after 
surgery requires further examination. In addi-
tion, several studies have indicated that the 
application of radiotherapy and targeted drugs 
(e.g., gefitinib and lcotinib) often aggravates 
pulmonary fibrosis and exacerbate respiratory 
failure. The restricted therapeutic option is the 
key contributor to the poor prognosis in IPF-LC 
patients.

Drugs for treatment of IPF are rather limited. 
The appearance of nintedanib should prompt 
further research into the common mechanisms 
in IPF and lung cancer, which could help unravel 
novel therapeutic targets and help prevent IPF-
LC and improve its prognosis. 

Conclusion

The prevalence of lung cancer in IPF patients is 
much higher than that in general people, which 
prompts an obvious correlation between the 
two diseases. Recognition of the correlation 
can raise awareness of the risk of lung cancer 
in IPF patients among doctors and patients. 
Our study find epithelial to mesenchymal transi-
tion, FGFR signaling pathway, gene mutations, 
epigenetic changes and oxidative stress are 
the common pathogenesis of IPF and lung can-
cer. However, the reasons for the different end-
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ings, IPF or LC, by the common pathogenesis 
are unknown. Therefore, further studies in 
terms of the more detailed mechanisms are 
required. Although there are no acknowledged 
and enough effective treatments aiming at IPF 
associated lung cancer at present, the recogni-
tion of the correlation between the two diseas-
es will be attractive to the researchers with 
regards to the new clinical trials for drugs and 
other effective interventions.

Acknowledgements

Thanks for the support by the grant from the 
Provincial Training Program of Science and 
Technology for Innovative Talents of Jilin (No. 
20130521002JH) and the Natural Science 
Foundation of Jilin Province (No. 20150101- 
151JC) for KW.

Disclosure of conflict of interest

None.

Abbreviations

IPF, idiopathic pulmonary fibrosis; LC, lung can-
cer; IPF-LC, idiopathic pulmonary fibrosis com-
plicating lung cancer; EMT, epithelial to mesen-
chymal transition; α-SMA, α-smooth muscle 
actin; TGF-β, transforming growth factor β; FGF-
2, fibroblast growth factor-2; EGF, epidermal 
growth factor; IGF-II, insulin-like growth fac-
tor-2; MMP, matrix metalloproteinase; Akt, pro-
tein kinase B; GSK-3β, glycogen synthase 
kinase-3β; ILK, integrin-linked kinase; ZEB, 
Zinc finger E-box binding protein; VEGF, vascular 
endothelial growth factor; NSCLC, non small 
cell lung cancer; RhoA, Ras homologue A; PAR6, 
partitioning defective 6; FGF, Fibroblast growth 
factor; PEA3, polyomavirus enhancer activator; 
PDGFR, platelet-derived growth factor receptor; 
VEGFR, vascular endothelial growth factor 
receptor 1; COPD, chronic obstructive pulmo-
nary disease; FOXO, forkhead box protein; 
BRCA1, breast cancer 1; BARD1, BRCA1 relat-
ed loop domain 1; mtDNA, mitochondrial DNA; 
n DNA, nuclear DNA.

Address correspondence to: Ke Wang, Department 
of Respiratory Medicine, The Second Hospital of Jilin 
University, No. 218 Ziqiang Street, Nanguan Distri- 
ct, Changchun 130021, Jilin, P. R. China. Tel: +86-
186 4311 1766; Fax: +86-0431-88796820; E-mail: 
kewangm1@hotmail.com; wke@jlu.edu.cn

References

[1]	 Spain DM. The association of terminal bron-
chiolar carcinoma with chronic interstitial in-
flammation and fibrosis of the lungs. Am Rev 
Tuberc 1957; 76: 559-566.

[2]	 Song DH, Choi IH, Ha SY, Han KM, Lee JJ, Hong 
ME, Jeon K, Chung MP, Kim J, Han J. Usual in-
terstitial pneumonia with lung cancer: clinico-
pathological analysis of 43 cases. Korean J 
Pathol 2014; 48: 10-16.

[3]	 Samet JM. Does idiopathic pulmonary fibrosis 
increase lung cancer risk? Am J Respir Crit 
Care Med 2000; 161: 1-2.

[4]	 Li J, Yang M, Li P, Su Z, Gao P, Zhang J. Idio-
pathic pulmonary fibrosis will increase the risk 
of lung cancer. Chin Med J (Engl) 2014; 127: 
3142-3149.

[5]	 MacKenzie B, Korfei M, Henneke I, Sibinska Z, 
Tian X, Hezel S, Dilai S, Wasnick R, Schneider 
B, Wilhelm J, El Agha E, Klepetko W, Seeger W, 
Schermuly R, Günther A, Bellusci S. Increased 
FGF1-FGFRc expression in idiopathic pulmo-
nary fibrosis. Respir Res 2015; 16: 83.

[6]	 Bouros D, Hatzakis K, Labrakis H, Zeibecoglou 
K. Association of malignancy with diseases 
causing interstitial pulmonary changes. Chest 
2002; 121: 1278-1289.

[7]	 Liu Y. Epithelial to mesenchymal transition in 
renal fibrogenesis: pathologic significance, mo-
lecular mechanism, and therapeutic interven-
tion. J Am Soc Nephrol 2004; 15: 1-12.

[8]	 Pozharskaya V, Torres-Gonzalez E, Rojas M, 
Gal A, Amin M, Dollard S, Roman J, Stecenko 
AA, Mora AL. Twist: a regulator of epithelial-
mesenchymal transition in lung fibrosis. PLoS 
One 2009; 4: e7559.

[9]	 Thiery JP. Epithelial-mesenchymal transitions 
in tumour progression. Nat Rev Cancer 2002; 
2: 442-454.

[10]	 Zavadil J, Bottinger EP. TGF-beta and epithelial-
to-mesenchymal transitions. Oncogene 2005; 
24: 5764-5774.

[11]	 Dennler S, Goumans MJ, ten Dijke P. Trans-
forming growth factor beta signal transduction. 
J Leukoc Biol 2002; 71: 731-740.

[12]	 Ko H. Geraniin inhibits TGF-beta1-induced epi-
thelial-mesenchymal transition and suppress-
es A549 lung cancer migration, invasion and 
anoikis resistance. Bioorg Med Chem Lett 
2015; 25: 3529-3534.

[13]	 Katsuno Y, Lamouille S, Derynck R. TGF-beta 
signaling and epithelial-mesenchymal transi-
tion in cancer progression. Curr Opin Oncol 
2013; 25: 76-84.

[14]	 Flanders KC. Smad3 as a mediator of the fi-
brotic response. Int J Exp Pathol 2004; 85: 47-
64.

mailto:kewangm1@hotmail.com
mailto:wke@jlu.edu.cn


The correlation of IPF and lung cancer

4327	 Int J Clin Exp Med 2017;10(3):4319-4329

[15]	 Derynck R, Zhang YE. Smad-dependent and 
Smad-independent pathways in TGF-beta fam-
ily signalling. Nature 2003; 425: 577-584.

[16]	 Peinado H, Olmeda D, Cano A. Snail, Zeb and 
bHLH factors in tumour progression: an alli-
ance against the epithelial phenotype? Nat 
Rev Cancer 2007; 7: 415-428.

[17]	 Li Y, Yang J, Dai C, Wu C, Liu Y. Role for integrin-
linked kinase in mediating tubular epithelial to 
mesenchymal transition and renal interstitial 
fibrogenesis. J Clin Invest 2003; 112: 503-
516.

[18]	 Roy BC, Kohno T, Iwakawa R, Moriguchi T, Ki-
yono T, Morishita K, Sanchez-Cespedes M, Aki-
yama T, Yokota J. Involvement of LKB1 in epi-
thelial-mesenchymal transition (EMT) of hu- 
man lung cancer cells. Lung Cancer 2010; 70: 
136-145.

[19]	 Dave N, Guaita-Esteruelas S, Gutarra S, Frias 
A, Beltran M, Peiro S, de Herreros AG. Func-
tional cooperation between Snail1 and twist in 
the regulation of ZEB1 expression during epi-
thelial to mesenchymal transition. J Biol Chem 
2011; 286: 12024-12032.

[20]	 Shilpa P, Kaveri K, Salimath BP. Anti-metastat-
ic action of anacardic acid targets VEGF-in-
duced signalling pathways in epithelial to mes-
enchymal transition. Drug Discov Ther 2015; 
9: 53-65.

[21]	 Huang AH, Pan SH, Chang WH, Hong QS, Chen 
JJ, Yu SL. PARVA promotes metastasis by mod-
ulating ILK signalling pathway in lung adeno-
carcinoma. PLoS One 2015; 10: e0118530.

[22]	 Willis BC, Borok Z. TGF-beta-induced EMT: 
mechanisms and implications for fibrotic lung 
disease. Am J Physiol Lung Cell Mol Physiol 
2007; 293: L525-534.

[23]	 He W, He S, Wang Z, Shen H, Fang W, Zhang Y, 
Qian W, Lin M, Yuan J, Wang J, Huang W, Wang 
L, Ke Z. Astrocyte elevated gene-1(AEG-1) in-
duces epithelial-mesenchymal transition in 
lung cancer through activating Wnt/beta-
catenin signaling. BMC Cancer 2015; 15: 107.

[24]	 Zhu Q, Liang X, Dai J, Guan X. Prostaglandin 
transporter, SLCO2A1, mediates the invasion 
and apoptosis of lung cancer cells via PI3K/
AKT/mTOR pathway. Int J Clin Exp Pathol 2015; 
8: 9175-9181.

[25]	 Bhowmick NA, Ghiassi M, Bakin A, Aakre M, 
Lundquist CA, Engel ME, Arteaga CL, Moses 
HL. Transforming growth factor-beta1 medi-
ates epithelial to mesenchymal transdifferen-
tiation through a RhoA-dependent mechanism. 
Mol Biol Cell 2001; 12: 27-36.

[26]	 Ozdamar B, Bose R, Barrios-Rodiles M, Wang 
HR, Zhang Y, Wrana JL. Regulation of the polar-
ity protein Par6 by TGFbeta receptors controls 
epithelial cell plasticity. Science 2005; 307: 
1603-1609.

[27]	 Xu J, Lamouille S, Derynck R. TGF-beta-induced 
epithelial to mesenchymal transition. Cell Res 
2009; 19: 156-172.

[28]	 Garcia Campelo MR, Alonso Curbera G, Apari-
cio Gallego G, Grande Pulido E, Anton Aparicio 
LM. Stem cell and lung cancer development: 
blaming the Wnt, Hh and Notch signalling 
pathway. Clin Transl Oncol 2011; 13: 77-83.

[29]	 Ahmad I, Iwata T, Leung HY. Mechanisms of 
FGFR-mediated carcinogenesis. Biochim Bio-
phys Acta 2012; 1823: 850-860.

[30]	 Lebeche D, Malpel S, Cardoso WV. Fibroblast 
growth factor interactions in the developing 
lung. Mech Dev 1999; 86: 125-136.

[31]	 Ju W, Zhihong Y, Zhiyou Z, Qin H, Dingding W, Li 
S, Baowei Z, Xing W, Ying H, An H. Inhibition of 
alpha-SMA by the ectodomain of FGFR2c at-
tenuates lung fibrosis. Mol Med 2012; 18: 
992-1002.

[32]	 Becerril C, Pardo A, Montano M, Ramos C, 
Ramirez R, Selman M. Acidic fibroblast growth 
factor induces an antifibrogenic phenotype in 
human lung fibroblasts. Am J Respir Cell Mol 
Biol 1999; 20: 1020-1027.

[33]	 Antoniou KM, Margaritopoulos GA, Soufla G, 
Symvoulakis E, Vassalou E, Lymbouridou R, Sa-
mara KD, Kappou D, Spandidos DA, Siafakas 
NM. Expression analysis of Akt and MAPK sig-
naling pathways in lung tissue of patients with 
idiopathic pulmonary fibrosis (IPF). J Recept 
Signal Transduct Res 2010; 30: 262-269.

[34]	 Wollin L, Maillet I, Quesniaux V, Holweg A, 
Ryffel B. Antifibrotic and anti-inflammatory ac-
tivity of the tyrosine kinase inhibitor nintedanib 
in experimental models of lung fibrosis. J Phar-
macol Exp Ther 2014; 349: 209-220.

[35]	 Mao J, McGlinn E, Huang P, Tabin CJ, McMa-
hon AP. Fgf-dependent Etv4/5 activity is re-
quired for posterior restriction of Sonic Hedge-
hog and promoting outgrowth of the vertebrate 
limb. Dev Cell 2009; 16: 600-606.

[36]	 Lasky JA, Tonthat B, Liu JY, Friedman M, Brody 
AR. Upregulation of the PDGF-alpha receptor 
precedes asbestos-induced lung fibrosis in 
rats. Am J Respir Crit Care Med 1998; 157: 
1652-1657.

[37]	 Antoniou KM, Soufla G, Proklou A, Margarito-
poulos G, Choulaki C, Lymbouridou R, Samara 
KD, Spandidos DA, Siafakas NM. Different ac-
tivity of the biological axis VEGF-Flt-1 (fms-like 
tyrosine kinase 1) and CXC chemokines be-
tween pulmonary sarcoidosis and idiopathic 
pulmonary fibrosis: a bronchoalveolar lavage 
study. Clin Dev Immunol 2009; 2009: 537929.

[38]	 Hostettler KE, Zhong J, Papakonstantinou E, 
Karakiulakis G, Tamm M, Seidel P, Sun Q, Man-
dal J, Lardinois D, Lambers C, Roth M. Anti-fi-
brotic effects of nintedanib in lung fibroblasts 
derived from patients with idiopathic pulmo-
nary fibrosis. Respir Res 2014; 15: 157.



The correlation of IPF and lung cancer

4328	 Int J Clin Exp Med 2017;10(3):4319-4329

[39]	 McCormack PL. Nintedanib: first global approv-
al. Drugs 2015; 75: 129-139.

[40]	 Wolters PJ, Collard HR, Jones KD. Pathogene-
sis of idiopathic pulmonary fibrosis. Annu Rev 
Pathol 2014; 9: 157-179.

[41]	 Sanders YY, Pardo A, Selman M, Nuovo GJ, 
Tollefsbol TO, Siegal GP, Hagood JS. Thy-1 pro-
moter hypermethylation: a novel epigenetic 
pathogenic mechanism in pulmonary fibrosis. 
Am J Respir Cell Mol Biol 2008; 39: 610-618.

[42]	 Sanders YY, Tollefsbol TO, Varisco BM, Hagood 
JS. Epigenetic regulation of thy-1 by histone 
deacetylase inhibitor in rat lung fibroblasts. Am 
J Respir Cell Mol Biol 2011; 45: 16-23.

[43]	 Hagood JS, Prabhakaran P, Kumbla P, Salazar 
L, MacEwen MW, Barker TH, Ortiz LA, Schoeb 
T, Siegal GP, Alexander CB, Pardo A, Selman M. 
Loss of fibroblast Thy-1 expression correlates 
with lung fibrogenesis. Am J Pathol 2005; 167: 
365-379.

[44]	 Vancheri C. Idiopathic pulmonary fibrosis and 
cancer: do they really look similar? BMC Med 
2015; 13: 220.

[45]	 Zemliakova VV, Zhevlova AI, Zborovskaia IB, 
Strel’nikov VV, Laktionov KK, Zaletaev DV, 
Nemtsova MV. [Profile of methylation of certain 
tumor growth suppressing genes in non-small 
cell lung cancer]. Mol Biol (Mosk) 2003; 37: 
983-988.

[46]	 Cisneros J, Hagood J, Checa M, Ortiz-Quintero 
B, Negreros M, Herrera I, Ramos C, Pardo A, 
Selman M. Hypermethylation-mediated silenc-
ing of p14(ARF) in fibroblasts from idiopathic 
pulmonary fibrosis. Am J Physiol Lung Cell Mol 
Physiol 2012; 303: L295-303.

[47]	 Ebrahimi A, Sadroddiny E. MicroRNAs in lung 
diseases: Recent findings and their pathophys-
iological implications. Pulm Pharmacol Ther 
2015; 34: 55-63.

[48]	 Pandit KV, Milosevic J. MicroRNA regulatory 
networks in idiopathic pulmonary fibrosis. Bio-
chem Cell Biol 2015; 93: 129-137.

[49]	 Pandit KV, Corcoran D, Yousef H, Yarlagadda 
M, Tzouvelekis A, Gibson KF, Konishi K, 
Yousem SA, Singh M, Handley D, Richards T, 
Selman M, Watkins SC, Pardo A, Ben-Yehudah 
A, Bouros D, Eickelberg O, Ray P, Benos PV, Ka-
minski N. Inhibition and role of let-7d in idio-
pathic pulmonary fibrosis. Am J Respir Crit 
Care Med 2010; 182: 220-229.

[50]	 Nho RS, Im J, Ho YY, Hergert P. MicroRNA-96 
inhibits FoxO3a function in IPF fibroblasts on 
type I collagen matrix. Am J Physiol Lung Cell 
Mol Physiol 2014; 307: L632-642.

[51]	 Cushing L, Kuang P, Lu J. The role of miR-29 in 
pulmonary fibrosis. Biochem Cell Biol 2015; 
93: 109-118.

[52]	 Das S, Kumar M, Negi V, Pattnaik B, Prakash 
YS, Agrawal A, Ghosh B. MicroRNA-326 regu-

lates profibrotic functions of transforming 
growth factor-beta in pulmonary fibrosis. Am J 
Respir Cell Mol Biol 2014; 50: 882-892.

[53]	 Pandit KV, Milosevic J, Kaminski N. MicroRNAs 
in idiopathic pulmonary fibrosis. Transl Res 
2011; 157: 191-199.

[54]	 Liu G, Friggeri A, Yang Y, Milosevic J, Ding Q, 
Thannickal VJ, Kaminski N, Abraham E. miR-21 
mediates fibrogenic activation of pulmonary fi-
broblasts and lung fibrosis. J Exp Med 2010; 
207: 1589-1597.

[55]	 Xu LF, Wu ZP, Chen Y, Zhu QS, Hamidi S, Navab 
R. MicroRNA-21 (miR-21) regulates cellular 
proliferation, invasion, migration, and apopto-
sis by targeting PTEN, RECK and Bcl-2 in lung 
squamous carcinoma, Gejiu City, China. PLoS 
One 2014; 9: e103698.

[56]	 Li J, Li P, Chen T, Gao G, Chen X, Du Y, Zhang R, 
Yang R, Zhao W, Dun S, Gao F, Zhang G. Ex-
pression of microRNA-96 and its potential 
functions by targeting FOXO3 in non-small cell 
lung cancer. Tumour Biol 2015; 36: 685-692.

[57]	 Kolenda T, Przybyla W, Teresiak A, Mackiewicz 
A, Lamperska KM. The mystery of let-7d - a 
small RNA with great power. Contemp Oncol 
(Pozn) 2014; 18: 293-301.

[58]	 Armanios M. Telomerase and idiopathic pul-
monary fibrosis. Mutat Res 2012; 730: 52-58.

[59]	 Tsakiri KD, Cronkhite JT, Kuan PJ, Xing C, Ra-
ghu G, Weissler JC, Rosenblatt RL, Shay JW, 
Garcia CK. Adult-onset pulmonary fibrosis 
caused by mutations in telomerase. Proc Natl 
Acad Sci U S A 2007; 104: 7552-7557.

[60]	 Alder JK, Chen JJ, Lancaster L, Danoff S, Su 
SC, Cogan JD, Vulto I, Xie M, Qi X, Tuder RM, 
Phillips JA 3rd, Lansdorp PM, Loyd JE, Ar-
manios MY. Short telomeres are a risk factor 
for idiopathic pulmonary fibrosis. In Proc Natl 
Acad Sci U S A 2008; 105: 13051-6.

[61]	 Cronkhite JT, Xing C, Raghu G, Chin KM, Torres 
F, Rosenblatt RL, Garcia CK. Telomere shorten-
ing in familial and sporadic pulmonary fibrosis. 
Am J Respir Crit Care Med 2008; 178: 729-
737.

[62]	 Nishio Y, Nakanishi K, Ozeki Y, Jiang SX, Ka-
meya T, Hebisawa A, Mukai M, Travis WD, 
Franks TJ, Kawai T. Telomere length, telomer-
ase activity, and expressions of human telom-
erase mRNA component (hTERC) and human 
telomerase reverse transcriptase (hTERT) 
mRNA in pulmonary neuroendocrine tumors. 
Jpn J Clin Oncol 2007; 37: 16-22.

[63]	 Zhu CQ, Cutz JC, Liu N, Lau D, Shepherd FA, 
Squire JA, Tsao MS. Amplification of telomer-
ase (hTERT) gene is a poor prognostic marker 
in non-small-cell lung cancer. Br J Cancer 
2006; 94: 1452-1459.

[64]	 Kawasaki H, Ogura T, Yokose T, Nagai K, Nishi-
waki Y, Esumi H. p53 gene alteration in atypi-



The correlation of IPF and lung cancer

4329	 Int J Clin Exp Med 2017;10(3):4319-4329

cal epithelial lesions and carcinoma in patients 
with idiopathic pulmonary fibrosis. Hum Pathol 
2001; 32: 1043-1049.

[65]	 Takahashi T, Munakata M, Ohtsuka Y, Nisihara 
H, Nasuhara Y, Kamachi-Satoh A, Dosaka-Aki-
ta H, Homma Y, Kawakami Y. Expression and 
alteration of ras and p53 proteins in patients 
with lung carcinoma accompanied by idiopath-
ic pulmonary fibrosis. Cancer 2002; 95: 624-
633.

[66]	 Lafuente-Sanchis A, Zuniga A, Galbis JM, Cre-
mades A, Estors M, Martinez-Hernandez NJ, 
Carretero J. Prognostic value of ERCC1, RRM1, 
BRCA1 and SETDB1 in early stage of non-small 
cell lung cancer. Clin Transl Oncol 2016; 18: 
798-804.

[67]	 Irminger-Finger I, Leung WC, Li J, Dubois-Dau-
phin M, Harb J, Feki A, Jefford CE, Soriano JV, 
Jaconi M, Montesano R, Krause KH. Identifica-
tion of BARD1 as mediator between proapop-
totic stress and p53-dependent apoptosis. Mol 
Cell 2001; 8: 1255-1266.

[68]	 Zhang YQ, Bianco A, Malkinson AM, Leoni VP, 
Frau G, De Rosa N, Andre PA, Versace R, Boul-
vain M, Laurent GJ, Atzori L, Irminger-Finger I. 
BARD1: an independent predictor of survival in 
non-small cell lung cancer. Int J Cancer 2012; 
131: 83-94.

[69]	 Bosse KR, Diskin SJ, Cole KA, Wood AC, 
Schnepp RW, Norris G, Nguyen le B, Jaganna-
than J, Laquaglia M, Winter C, Diamond M, Hou 
C, Attiyeh EF, Mosse YP, Pineros V, Dizin E, 
Zhang Y, Asgharzadeh S, Seeger RC, Capasso 
M, Pawel BR, Devoto M, Hakonarson H, Rap-
paport EF, Irminger-Finger I, Maris JM. Com-
mon variation at BARD1 results in the expres-
sion of an oncogenic isoform that influences 
neuroblastoma susceptibility and oncogenici-
ty. Cancer Res 2012; 72: 2068-2078.

[70]	 Andre PA, Prele CM, Vierkotten S, Carnesecchi 
S, Donati Y, Chambers RC, Pache JC, Crestani 
B, Barazzone-Argiroffo C, Konigshoff M, Lau-
rent GJ, Irminger-Finger I. BARD1 mediates 
TGF-beta signaling in pulmonary fibrosis. 
Respir Res 2015; 16: 118.

[71]	 Schumacker PT, Gillespie MN, Nakahira K, 
Choi AM, Crouser ED, Piantadosi CA, Bhat-
tacharya J. Mitochondria in lung biology and 
pathology: more than just a powerhouse. Am J 
Physiol Lung Cell Mol Physiol 2014; 306: L962-
974.

[72]	 Cline SD. Mitochondrial DNA damage and its 
consequences for mitochondrial gene expres-
sion. Biochim Biophys Acta 2012; 1819: 979-
991.

[73]	 Kliment CR, Oury TD. Oxidative stress, extracel-
lular matrix targets, and idiopathic pulmonary 
fibrosis. Free Radic Biol Med 2010; 49: 707-
717.

[74]	 Hagiwara SI, Ishii Y, Kitamura S. Aerosolized 
administration of N-acetylcysteine attenuates 
lung fibrosis induced by bleomycin in mice. Am 
J Respir Crit Care Med 2000; 162: 225-231.

[75]	 Ishikawa K, Takenaga K, Akimoto M, Koshika-
wa N, Yamaguchi A, Imanishi H, Nakada K, 
Honma Y, Hayashi J. ROS-generating mitochon-
drial DNA mutations can regulate tumor cell 
metastasis. Science 2008; 320: 661-664.

[76]	 Wang Z, Choi S, Lee J, Huang YT, Chen F, Zhao 
Y, Lin X, Neuberg D, Kim J, Christiani DC. Mito-
chondrial variations in non-small cell lung can-
cer (NSCLC) survival. Cancer Inform 2015; 14: 
1-9.

[77]	 Archontogeorgis K, Steiropoulos P, Tzouvelekis 
A, Nena E, Bouros D. Lung cancer and intersti-
tial lung diseases: a systematic review. Pulm 
Med 2012; 2012: 315918.

[78]	 Lee T, Park JY, Lee HY, Cho YJ, Yoon HI, Lee JH, 
Jheon S, Lee CT, Park JS. Lung cancer in pa-
tients with idiopathic pulmonary fibrosis: clini-
cal characteristics and impact on survival. 
Respir Med 2014; 108: 1549-1555.

[79]	 Park J, Kim DS, Shim TS, Lim CM, Koh Y, Lee 
SD, Kim WS, Kim WD, Lee JS, Song KS. Lung 
cancer in patients with idiopathic pulmonary 
fibrosis. Eur Respir J 2001; 17: 1216-1219.

[80]	 Oh SY, Kim MY, Kim JE, Kim SS, Park TS, Kim 
DS, Choi CM. Evolving early lung cancers de-
tected during follow-up of idiopathic interstitial 
pneumonia: serial CT features. AJR Am J 
Roentgenol 2015; 204: 1190-1196.

[81]	 Aubry MC, Myers JL, Douglas WW, Tazelaar HD, 
Washington Stephens TL, Hartman TE, Des-
champs C, Pankratz VS. Primary pulmonary 
carcinoma in patients with idiopathic pulmo-
nary fibrosis. Mayo Clin Proc 2002; 77: 763-
770.

[82]	 Turner-Warwick M, Lebowitz M, Burrows B, 
Johnson A. Cryptogenic fibrosing alveolitis and 
lung cancer. Thorax 1980; 35: 496-499.

[83]	 Mizushima Y, Kobayashi M. Clinical character-
istics of synchronous multiple lung cancer as-
sociated with idiopathic pulmonary fibrosis. A 
review of Japanese cases. Chest 1995; 108: 
1272-1277.

[84]	 Chiyo M, Sekine Y, Iwata T, Tatsumi K, Yasufu-
ku K, Iyoda A, Otsuji M, Yoshida S, Shibuya K, 
Iizasa T, Saitoh Y, Fujisawa T. Impact of intersti-
tial lung disease on surgical morbidity and 
mortality for lung cancer: analyses of short-
term and long-term outcomes. J Thorac Cardio-
vasc Surg 2003; 126: 1141-1146.

[85]	 Watanabe A, Higami T, Ohori S, Koyanagi T, Na-
kashima S, Mawatari T. Is lung cancer resec-
tion indicated in patients with idiopathic pul-
monary fibrosis? J Thorac Cardiovasc Surg 
2008; 136: 1357-1363, 1363, e1351-1352.


