
Introduction

Both lung cancer (LC) (1) and idiopathic inter-
stitial pneumonias (IIP) including idiopathic pul-
monary fibrosis (IPF), idiopathic non-specific inter-
stitial pneumonia (NSIP), and idiopathic crypto-
genic organizing pneumonia (COP) are major glob-
al health issues associated with high morbidity and
mortality, especially in IPF. The mortality rate and
incidence in IPF increased in recent decades in both
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men and women (2, 3). Historically, Averill Liebow
initiated the separation of idiopathic interstitial
pneumonias into clinically and histologically distinct
groups based on morphological characteristics which
was currently updated (4, 5). Current concepts de-
scribe IPF as a specific form of chronic, progressive
fibrosing interstitial pneumonia of unknown cause,
occurring primarily in the elderly, limited to the
lungs, and associated with the histopathologic
and/or radiologic pattern of usual interstitial pneu-
monia (UIP). The definition of IIP requires the ex-
clusion of other forms of interstitial lung diseases
(ILD) e.g. associated with environmental exposure,
medication, or systemic disease (6).

It is well known that IPF patients have an in-
creased risk to develop syn- or metachronous pul-
monary neoplasms and the incidence of LC in IPF
patients is increasing – also with time after IPF first
diagnosis (7, 8). While having this high incidence
compared to the normal or even smoking popula-
tion, LC is much harder to identify on radiological
imaging since the interstitial lung disease, especially
those with fibrotic changes, superimposes the lung
parenchyma and seriously interferes with the detec-
tion of lesions indicating LC. Furthermore, radio-
logical patterns like consolidations as well as
ground-glass opacifications might belong to both
diseases (IIP and LC, e.g. lepidic adenocarcinoma).
Mortality due to LC has been reported with 10.4%
in IPF patients (9). The reported prevalence of LC
in IPF patients is up to 48.2 % compared to LC pa-
tients in the age-matched general population with-
out IPF (9.1%, p < 0.001) (10-12); even double and
triple carcinomas have been described (11). The in-
cidence of LC among IPF patients is higher in males
and the mean age of onset of IPF with LC is higher
compared to IPF without LC (11).However, data on
the incidence and course under treatment of LC in
other IIPs as NSIP and COP are very sparse (13) or
lacking, respectively. Moreover, although the combi-
nation of IPF and LC is frequently observed and
treatment is challenging, only limited data were pub-
lished and evidence-based treatment guidelines are
missing so far. In order to shed more light on LC
treatment in IIP and to provide a basis for future
treatment decisions, we retrospectively analysed re-
spective patients treated in a tertiary ILD referral
centre.

Patients and Methods

We retrospectively reviewed the database of the
interstitial and rare lung disease outpatient clinic,
Thoraxklinik and the Institute of Pathology, both
University of Heidelberg, Germany, between 2004
and 2011 for cases with syn- or metachronous LC in
IIP.The study was approved by the ethics committee
of the medical school of the University of Heidel-
berg (IRB approval number S-318/2013). All pa-
tient records were anonymized and de-identified
prior to analysis. Only patients with completely
available clinicopathological data including sex, age,
smoking status, time of LC diagnosis, time of IIP di-
agnosis, therapy, complications, and outcome were
included. IIP was diagnosed in a multidisciplinary
team according to the current ATS/ERS/JRS/
ALAT statements and re-evaluated for this retro-
spective analysis (6, 14). Only patients with a defin-
itive diagnosis of IPF, NSIP or COP were included.
LC was proven histopathologically and treatment
was discussed in a multidisciplinary board.

Statistics

Overall survival (OS) was analyzed using the
Kaplan-Meier method, with a log-rank test to probe
for significance. Statistical analyses were performed
using SPSS Statistics 19 (IBM, Ehningen, Ger-
many). P-values <0.05 were considered significant.

Results

Patient characteristics

We retrospectively screened >8000 LC patients
as well as 478 patients with IIPs, i.e. 265 patients
with IPF, 142 with NSIP, and 71 with COP. All IIP
cases were discussed in our multidisciplinary team
(MDT) for interstitial lung diseases; for inclusion
into this retrospective analysis, IPF cases had to have
definitive IPF and all NSIP and COP cases were
rated idiopathic according to the MDT. Thereby we
identified syn- or metachronous LC in 42 IPF pa-
tients (16%), 6 NSIP patients (4%), and 4 COP pa-
tients (6%) (Table 1). Overall, 45/52 patients were
male (p=0.018). IPF was diagnosed before LC in
55% (mean interval 36 months) and synchronously
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in 36% which was comparable to NSIP; 59% of
NSIP cases were diagnosed before LC with an in-
terval of 49 months and 17% were diagnosed syn-
chronously. 25% of the COP/LC diagnoses were
synchronous whereas LC diagnosis was made prior
to COP in 50% (mean interval 8.5 years). 93%

(IPF), 67% (NSIP), and 50% (COP) were male. The
overall age at IIP diagnosis was comparable among
all three groups with 67 years in IPF (range: 44-84),
68 in NSIP (62-76) and 70 in COP (66-76). Active
or former smokers were higher in IPF patients (93%)
compared to NSIP (83%) and COP patients (75%).

Table 1.Clinicopathologic data of all patients

IPF (n=42) NSIP (n=6) COP (n=4)

Age [range]
Age at IIP diagnosis [range] 67 [44-84] 68 [62-76] 70 [66-76]
Age at LC diagnosis [range] 70 [44-84] 69 [62-81] 66 [55-72]

Sex
male 93% 67% 50%
female 7% 33% 50%

Smoking history 93% 83% 75%
pack years [rangel] 40 [5-100] 63 [50-70] 31 [10-53]

Lung function parameters [range]
FVC l / % predicted 3.3 [1.5-4.9] 82 [44-118] 2,6 [1,3-5,3] 72 [52-107] 3 [2,1-4,9] 93 [69-141]
FEV1 % predicted 2.4 [1.3-3.5] 83 [44-122] 2,1 [1,3-4,3] 73 [52-116] 2 [0,7-4,2] 81 [25-163]
TLC % predicted 5.3 [2.4-7.9] 84 [38-105] 4,9 [3,5-6,6] 80 [57-90] 6,7 [4,2-9,2] 114 [89-138]
DLCO-SB % predicted 41 [18-98] 43 [27-53] 77 [77-77]
PO2 mmHg 67 [48-85] 60 [52-67] 71 [56-85]

Syn- or metachronous diagnoses
metachronous, IIP diagnosis first 55% 50% 25%
(median interval) (36 months) (49 months) (5 months)
metachronous, LC diagnosis first 7% 33% 50%
(median interval) (5 months) (22 months) (105 months)
synchronous 36% 17% 25%
n.d. 2%

Histology of LC
SCLC 19% (n=8) 33% (n=2) 0%
NSCLC 81% (n=34) 67% (n =4) 100% (n=4)
SQCC 36% (n=15) 33% (n=2) 25% (n=1)
ADC 31% (n=13) 17% (n=1) 75% (n=3)
ADSQ 7% (n=3) 0% 0%
LCNEC 5% (n=2) 17% (n=1) 0%
SC 2% (n=1) 0% 0%

Tumor stage (UICC)
cis 3% (n=1) 0% 0%
I 12% (n=4) 17% (n=1) 75% (n=3)
II 12% (n=4) 0% 25% (n=1)
III 38% (n=13) 17% (n=1) 0%
IV 35% (n=12) 67% (n=4) 0%

Tumor localisation
upper lobes 60% (36%/24%) 50% (17%/33%) 50% (50%/0%)
middle lobe 7% 0% 25%
lower lobes 31% (17%/14%) 50% (33%/17%) 25% (0%/25%)
multifocal/diffuse 2% 17% 25%
centrally 21% 67% 25%
peripheral 67% 17% 50%

IPF = idiopathic pulmonary fibrosis, NSIP = non-specific interstitial pneumonia, COP = cryptic organizing pneumonia, IIP = idiopathic
interstitial pneumonia, LC = lung cancer, FVC = forced vital capacity, FEV = forced expiratory volume, DLCO = diffusion capacity for Car-
bon monoxide, SCLC = small cell lung cancer, NSCLC = non-small cell lung cancer, SQCC = squamous cell carcinoma, ADC = adeno-
carcinoma, ADSQ = adeno-squamous carcinoma, LCNEC = large cell neuroendocrine carcinoma, SC = sarcomatoid carcinoma
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Overall, relevant comorbidities at the time of
first diagnosis of the respective IIP were led by car-
diovascular disorders (64% without coronary artery
disease (CAD), 45% with CAD only) followed by
emphysema as detected on HRCT (38%), pul-
monary hypertension verified by right heart catheter
(17%), diabetes (17%), malignancies other than LC
(17%) -mainly bladder cancer (9%)-, GERD (14%),
and sleep apnea syndrome (12%). In 5% a family his-
tory of IPF was recorded.

Pulmonary function parameters

Pulmonary function testing at the time of LC
diagnosis revealed a median forced vital capacity
(FVC) of 3.3 l [1.5-4.9], 82% [44-118] predicted, a
total lung capacity (TLC) of 5.3 l [2.4-7.9], 84%
[38-105] and a median diffusion capacity for Car-
bon monoxide (DLCO) of 41% [18-98] for IPF pa-
tients, a median FVC of 2.6 [1,3-5,3] l, 72 [52-107]
% predicted, a median TLC of 4,9 [3,5-6,6] l, 80
[57-90] % and a median DLCO of 43 [27-53]%
predicted for NSIP patients and a median FVC of 3
[2,1-4,9] l, 93 [69-141]% predicted, a median TLC
of 6,7 [4.2-9.2] l, 114 [89-138]% predicted with a
median DLCO 77 [77]% predicted in COP patients
(Table 1).

Distribution and stage of lung cancer among IIP
patients

Overall, 18 patients were affected by squamous
cell carcinoma (SQCC; 34.6%), 18 by adenocarcino-
ma (ADC; 34.6%), 10 by small cell lung cancer
(SCLC; 19.2%), 3 by adeno-squamous carcinoma
(ASC; 5.8%), 2 by large cell neuroendocrine carcino-
ma (LCNEC; 3.8%), and 1 by sarcomatoid carcino-
ma (SC; 1.9%). For details concerning tumor stages
we refer to Table 1. In IPF 67% of the tumors were
located in the periphery while this was only the case
in 17% and 50% of the NSIP and COP patients, re-
spectively (Table 1). Anatomical LC localization in
IPF, NSIP and COP respectively was 60%, 50% and
50% in the upper lobes, in 7%, 0%, 50% in the mid-
dle lobe, and in 31%, 50% and 25% in the lower
lobes. Furthermore, one IPF patient had multifocal
manifestations of lepidic predominant ADC.

Among the IPF patients 15 patients were af-
fected by SQCC (35.7%), 13 by ADC (31%), 8 by

SCLC (19%), 3 by ASC (7.1%), 2 by LCNEC
(4.8%), and 1 by SC (2.4%). A typical case is exem-
plarily depicted in Figure 1. In the NSIP group 2 pa-
tients were affected by SQCC (33.3%), 2 by ADC
(33.3%), and 2 by SCLC (33.3%). In the COP group
one patient was affected by SQCC (25%) and 3 pa-
tients by ADC (75%; Table 1).

Therapy, treatment -related complications, and outcome

Treatment of the underlying IIP was as follows:
IPF was treated either with best supportive care
(50%), N-Acetylcysteine (NAC) (19%), prednisone
(14%), prednisone/NAC (7%), prednisone/
Azathioprine/NAC (5%) or other regimens (5%).
NSIP was treated either with best supportive care
(33%), NAC (33%), or with prednisone/NAC
(33%), while all patients with COP were treated
with steroids (100%).

Regarding LC treatment in the IIPs, for IPF
patients with either NSCLC or SCLC surgery was
performed in 32% and 12.5% respectively, radiother-
apy in 32% and 0%, radio-chemotherapy in 15% and
12.5% respectively, chemotherapy in 10.5% and 75%
respectively, best supportive care in 10.5% and 0%
respectively and chemotherapy for relapse in 12%
and 38% respectively. The indication for surgery in
the SCLC case was a pulmonary nodule (T1N0M0)
which turned out to be SCLC after surgery.

In NSIP with either NSCLC or SCLC, surgery
was performed in 50% and 0% respectively, in both
NSIP with NSCLC patients followed by radiother-
apy, radio-chemotherapy in 25% and 0%,
chemotherapy in 25% and 100%, respectively, best
supportive care in none and chemotherapy for re-
lapse in 0% and 50%, respectively. For COP patients
(only NSCLC cases) therapy consisted in 75% of
surgical treatment and in 25% of radiochemothera-
py.

Therapy associated toxicities were observed in
55%, 17%, and 0% of the IPF, NSIP, and COP pa-
tients, respectively. Of note, the incidence of surgery
related complications was high with 67%, mainly
pneumonia and acute myocardial infarction. More-
over, 30 day mortality among the operated patients
was 25% in the IPF group (myocardial infarction,
n=3 and pneumonia, n=2) and 0% among the NSIP
and COP patients. Regarding patients receiving ir-
radiation the complication rate was 45% in IPF pa-
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tients with a high incidence of radiation induced
pneumonitis in 4 out of 17 irradiated IPF patients
(24%); also pulmonary infections and one acute my-
ocardial infarction occurred in this group. For NSIP
patients radiation induced pneumonitis occurred in 1
out of 3 NSIP patients (33%; Table 2). Chemother-
apy related toxicity was also high in IPF patients
with 63% consisting of pulmonary infections, respi-
ratory insufficiency, cardiovascular complications
and neutropenia. Of note, acute exacerbations after
surgery were not observed in neither of the IIPs un-
dergoing surgery for LC.

Despite the high incidence of lung cancer ther-
apy-related complications in IPF patients, a signifi-

cant survival impact was not detected (p=0.470).The
analysis of the influence of distinct comorbidities in
the IIP with lung cancer cohort revealed that coro-
nary artery disease (CAD) in the IPF and LC cohort
had a significant negative survival impact (with
CAD 4 months, without CAD 15 months, p=0.008)

Mean survival for IPF, NSIP, and COP patients
with LC was 20, 35, and 88 months, respectively
(Figure 2). Although the small groups of IIP sub-
types with different tumor entities and different tu-
mor stages clearly hamper survival analysis, Kaplan-
Meier curves point out to a worse outcome of IPF
patients compared to NSIP and COP patients (Fig-
ure 2; p=0.126).

Fig. 1.Exemplary case of idiopathic pulmonary fibrosis with synchronous adeno-squamous cell carcinoma. A: Computed tomography with
basal honeycombing and a small lesion suspect for malignancy (arrow). B: Overview of the resection specimen showing interstitial fibrosis
with honeycombing and fibroblast foci (C) and a central lesion (depicted by arrows). Histopathology revealed a adeno-squamous cell carci-
noma (D).
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Discussion

In patients with IIPs, especially those with IPF,
syn- or metachronous LC is a frequently observed,
severe comorbidity. However, reports on larger co-
horts are sparse and treatment guidelines for patients
with this “liaison dangereuse” are lacking so far. Al-
so early detection is harder, since a small LC is diffi-
cult to detect in a lung suffering from a fibrotic lung
disease. This is the first report which comparatively
analyses treatment, outcome and therapy related
complications of syn- or metachronous LC in differ-
ent IIP entities treated by surgery, chemotherapy,
and radiotherapy. We demonstrate that LC has a
high incidence especially in IPF patients. We report
for the first time that therapy-related toxicities occur
especially in IPF after various treatment modalities
but less in NSIP and COP patients and are associat-
ed with high mortality in IPF.

Respiratory failure is considered the most fre-
quent cause of death in IPF but heart failure, is-
chemic heart disease, infections, and pulmonary em-
boli are other common causes of death in these pa-
tients (15, 16). Indeed, cardiovascular and respirato-
ry disorders were the most frequent comorbidities of

Table 2.Therapy-related complications in IPF, NSIP, and COP patients affected by lung cancer

Therapy-related complications
IPF NSIP COP

(n=42 total) (n=6 total) (n=4 total)

Surgery-related AE (of (n) in IPF(12), NSIP(2), COP(4)) 67% 0% 0%
pneumonia 50% 0% 0%
myocardial infarction 33% 0% 0%
respiratory failure 8.5% 0% 0%
pneumothorax 25% 0% 0%
others 16.5% 0% 0%

Radiotherapy-related AE (of (n) in IPF(11), NSIP(2), COP(1)) 45% 0% 0%
radiation pneumonitis 27% 0% 0%
pulmonary infections 36% 0% 0%
myocardial infarction 9% 0% 0%
respiratory failure 9% 0% 0%

Radiochemotherapy-related AE (of (n) in IPF(6), NSIP(1), COP(1)) 17% 100% 0%
radiation pneumonitis 17% 100% 0%

Chemotherapy-related AE (of (n) in IPF(8), NSIP(3), COP(0)) 63% 0% 0%
pneumonia 37.5% 0% 0%
respiratory failure 12.5% 0% 0%
cardiovascular failure 12.5% 0% 0%
cytopenia 12.5% 0% 0%

IPF = idiopathic pulmonary fibrosis, NSIP = non-specific interstitial pneumonia, COP = cryptic organizing pneumonia, AE = adverse event
(=therapy-related complications)

Fig. 2.Overall survival of IPF, NSIP, and COP patients affected
by lung cancer after surgical resection. Although statistically not
significant Kaplan Meier analyses indicate a worse outcome for
IPF patients compared to NSIP and COP patients
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IIP patients in this study and also major causes for
therapy-related complications and death.

Another interesting finding of the present re-
port is a relevant rate of other malignancies, espe-
cially a high rate of bladder cancer. To our knowl-
edge this has not been reported before and deserves
further investigation. A potential explanation might
be the shared risk factor smoking for LC, bladder
cancer and IPF.

There is evidence that LC in IPF occurs more
frequently in elderly male smokers and most tumors
arise in peripheral areas involving fibrosis. In our co-
hort smokers were more prevalent in IPF compared
to NSIP or COP subgroups. The incidence rates of
SQCC as well as multiple LC were reported to be
significantly higher in IPF compared to non-IPF
patients (17). Similar findings were also reported by
Park and colleagues (18). Indeed, we also found
SQCC the most prevalent NSCLC subtype in IPF
with the majority of tumours located in the periph-
ery and more frequently in the upper than the lower
lobes. However, in general there is no significant dif-
ference in the subtype of IPF-associated LC com-
pared to the total LC population, which indicates
that the features of the IPF-associated LC are also
similar to those in the total LC population (18).This
is also supported by our data. However, others found
that SCLC was predominant in multiple LC in IPF
patients (19). Conversely, ADC were reported as the
most frequent subtype by others and suggested to
occur in relation to fibrotic scars (20-22). We only
noticed a slightly higher prevalence of SCLC pa-
tients in the NSIP group compared to the total LC
population which is most likely explained by the
small number of respective cases.

If applicable, the current treatment of LC in
IPF patients is similar to that of LC in general and
includes chemotherapy and radiation in addition to
surgical resection or combinations of these. Surgical
resection of LC in patients with IPF is a potentially
curative option in early cancer stages but associated
with significant postoperative morbidity and mortal-
ity (23-29), which is also confirmed by our data.
Among others, postoperative complications include
pneumonia, bronchopleural fistulas, and persistent
air leaks (24, 30). Although not seen in our cohort,
the most serious postoperative complication is an
acute exacerbation of the interstitial lung disease (31,
32) with a reported incidence of about 20% and a

mortality rate >50% (33). Concerning the proce-
dure-specific mortality, pneumonectomy (33% vs.
5%) and lobectomy (12% vs. 3%) had a much higher
risk compared to a control group (25). There is also
first evidence that lung transplantations are also as-
sociated with an unfavourable outcome if LC is di-
agnosed coincidentally in the explanted lung (34).
All patients with complicated wedge resections were
reported to have low preoperative percentages for
forced vital capacity of 69+/-6% whereas surgical ap-
proaches were suggested to be only carefully indicat-
ed for these patients (30). In contrast, others found
that preoperative pulmonary function data are no
relevant predictors of postoperative mortality (25).
In general and beyond postoperative complications,
the poor survival after surgery is also attributed to a
high incidence of a second primary LC as well as the
poor natural history of IPF in general (35). In view
of the risks associated with surgery, careful patient
selection and close postoperative care is essential in
IPF patients in order to achieve an optimal surgical
outcome (24-26, 30, 35). Furthermore, novel strate-
gies to reduce the rate of postoperative complica-
tions are warranted (36).

There are only sparse data concerning
chemotherapy in IIP with LC (37, 38). The report-
ed incidence of acute IIP exacerbation related to
chemotherapy is 23% (38) however; we did not ob-
serve a single case with chemotherapy-related exac-
erbations in our cohort. Pulmonary infections were
the most frequent complication following
chemotherapy but still with lower rates compared to
surgery. As a possible alternative to conventional
chemotherapy, the effective administration of gefi-
tinib to a patient with IPF- associated LC was de-
scribed (39), yet this agent also is known to induce
diffuse alveolar damage. However, further studies
will be necessary to substantiate this strategy and to
establish new, promising treatment options. Most
likely or at least most wanted are those aiming both
against IPF and LC at the same time.

To the best of our knowledge no data were pub-
lished yet concerning radiation of LC in IIP pa-
tients. Whereas radiation was safe without signifi-
cant complications in NSIP and COP patients we
observed high rates of radiation pneumonitis and
pulmonary infections in the IPF group. The overall
high rates of complications rather argue against ra-
diation therapy in the context of LC in IPF.
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Local tumour ablation might be another option
in some of these severely pulmonary compromised
patients, while it has been used safely in patients suf-
fering from severe emphysema (40).

There are some limitations to our study, mostly
based on the retrospective nature of its design. In this
context, the diagnostic accuracy of the idiopathic in-
terstitial pneumonias has to be mentioned.While on-
ly patients with a definitive diagnosis of IPF had
been included and secondary causes of NSIP and
COP were excluded, it should be noted that the clin-
ical characteristics of the patients presented here, es-
pecially those of the NSIP patients, do not represent
typical IIP cohorts. The reported IIP cohorts repre-
sent patients with IIP and lung cancer, the prevalence
of smokers was also higher in this series than in typ-
ical IIP cohorts. Furthermore, there might also be
some risk factors for IIP patients developing LC, e.g.
higher age and male sex in NSIP and especially
smoking in all IIPs. Thus, direct comparison to typi-
cal IIP patient cohorts is difficult. However, all cases
had been discussed at the time of their first diagnoses
in a multidisciplinary board and had been re-evaluat-
ed in the context of this analysis, which significantly
increases the confidence of the diagnosis (41). A sec-
ond critical observation is the high percentage of syn-
chronously diagnosed LC and IPF which is not en-
tirely supported by the literature (8). Yet, this obser-
vation might reflect the delayed diagnosis of IPF due
to misinterpretation of symptoms as related to smok-
ing habits or aging (42) and the neglect of interstitial
lung diseases by some. Based on informal surveys and
the authors own clinical experiences, the synchronous
diagnosis of these diseases is an often observed phe-
nomena. Finally, the low rate of acute exacerbation
IPF reported here after surgery is not in line with the
rates reported in the recent literature (27).While one
explanation might be that e.g. acute exacerbation of
IPF has been misdiagnosed as pulmonary infection
or other causes in our center, potential reasons could
also be the use of different anaesthetic and/or surgi-
cal procedures. Yet, this has to be evaluated in
prospective studies.

Conclusion

In conclusion, IPF patients have a high risk for
the development of syn- and metachronous LC

while the incidence is much lower in other IIPs.
Moreover, all lung cancer treatment modalities are
associated with a high rate of morbidity and perhaps
mortality in IPF but not in other IIPs as demon-
strated by our data.Therefore, the optimal treatment
strategy in patients with this “liaison dangereuse”
needs to be determined and closely monitored care
of IPF patients in specialized ILD ambulances
seems to be mandatory in order to detect LC as ear-
ly as possible and both for the achievement of an op-
timal outcome.
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