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Abstract

Rationale: Characteristics and outcomes of lung cancer in patients
with idiopathic pulmonary fibrosis (IPF) in the United States remain
understudied.

Objectives: To determine the tumor characteristics and survival of
patients with IPF with non–small cell lung cancer (NSCLC) using
U.S. population–based data.

Methods: We selected Medicare beneficiaries from the
Surveillance, Epidemiology, and End Results registry with
histologically confirmed NSCLC diagnosed between 2007 and 2011.
IPF was identified using two validated claims-based algorithms. We
compared tumor characteristics and used logistic and Cox
regression to compare rates of stage-appropriate therapy and of
overall and lung cancer–specific survival in those with IPF and
without IPF.

Results: A total of 54,453 patients with NSCLC were included.
Those with IPF were more likely to be diagnosed at an earlier stage
(P, 0.01) and to have squamous histology (46% vs. 35%; P, 0.01)
and lower-lobe tumors (38% vs. 28%; P, 0.01) than those without
IPF. Patients with IPF and stages I–II disease had odds of receiving
stage-appropriate therapy similar to patients without IPF who had
stages I–II disease (odds ratio [OR], 1.13; 95% confidence interval [CI],
0.89–1.43); however, those with advanced disease were less likely to be
treated (OR, 0.82; 95% CI, 0.68–0.99). Overall and lung cancer–specific
survival were worse in patients with IPF (respectively, hazard ratio [HR],
1.35; 95% CI, 1.26–1.45; and HR, 1.21; 95% CI, 1.10–1.32).

Conclusions: NSCLC has a unique presentation in patients with
IPF and is associated with poorer prognosis. Further research is
needed to identify optimal treatment strategies in this population.
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Lung cancer is the leading cause of cancer
death in the United States (1). Tobacco
smoking is the main risk factor, but chronic
lung diseases such as idiopathic pulmonary
fibrosis (IPF) convey an additional
independent risk (2–4). The prevalence of
lung cancer in cohorts of IPF has been
reported to exceed 10–30% (5–15), whereas
the lifetime prevalence of lung cancer in the
U.S. population is approximately 6% (1).

Thus, patients with IPF have a high burden
of lung cancer morbidity and mortality.

Despite an increased burden of disease,
the characteristics, treatments, and
outcomes of lung cancer in patients with IPF
remain understudied in the U.S. population.
Smaller studies have reported a higher
incidence of squamous cell histology and a
greater predominance of peripheral, lower-
lobe lesions near areas of lung fibrosis (16–

18). In terms of prognosis, Tomassetti and
colleagues found that noncancer mortality
exceeded lung cancer–specific mortality in
an Italian cohort; 43% of patients with IPF
and lung cancer died of acute exacerbations
of IPF, and lung cancer treatment–related
deaths exceeded mortality due to lung
cancer progression (17% vs. 13%,
respectively) (8). However, many of these
studies were conducted in single centers and

1034 AnnalsATS Volume 16 Number 8| August 2019

mailto:stacey-ann.whittaker@mountsinai.org
http://www.atsjournals.org
http://10.1513/AnnalsATS.201808-510OC
http://www.atsjournals.org


may lack generalizability. In this study,
we aimed to determine the cancer
characteristics, treatment patterns, and
survival of patients with IPF and non–small
cell lung cancer (NSCLC) relative to those
without IPF using population-based data
from the Surveillance, Epidemiology, and
End Results (SEER)-Medicare database.

Methods

Data Source
Study patients were identified using
the SEER-Medicare database, a large,
population-based source of longitudinal
data that includes demographic and clinical
information for Medicare beneficiaries with
cancer from several U.S. regions. The SEER
program has been expanded to cover 28% of
the U.S. population, with 94% of eligible
patients older than 65 years of age linked to
Medicare claims (19).

From SEER-Medicare, we included all
patients older than 65 years of age with stages
I–IV NSCLC who were diagnosed between
2007 and 2011. To identify patients with IPF
and characterize comorbidities, only
participants with at least 1 year of recorded
Medicare data before cancer diagnosis were
included. We excluded patients in health
maintenance organizations and those
without part B (outpatient) Medicare
coverage, owing to lack of claims data.

Case Definition
To identify cases of IPF, we used the
algorithm published by Raghu and
colleagues (20) and subsequently validated
(21): at least one claim for the International
Statistical Classification of Diseases, Ninth
Revision (ICD-9), code 516.3 and standard
exclusionary criteria for alternate interstitial
lung disease diagnoses (see Table E1 in the
online supplement). In a sensitivity analysis,
we used a modified algorithm recently
validated by Ley and colleagues: at least two
IPF claims of 516.3 and any computed
tomographic (CT) imaging of the chest
procedure code before the first diagnostic
claim in combination with standard
exclusion criteria for alternate interstitial
lung disease diagnoses (22).

Study Variables
Using SEER data, we obtained
sociodemographic information, including
age, sex, race/ethnicity, and marital status.
Socioeconomic status was categorized into

quartiles according to census tract–level
information provided by Medicare.
Comorbidities were assessed usingMedicare
claims by applying the National Cancer
Institute comorbidity index, which is
a modified version of the Charlson
comorbidity index with lung cancer–
specific weights (23). The modified index
accounts for the presence of acquired
immunodeficiency syndrome, chronic
obstructive pulmonary disease, liver disease,
chronic kidney disease, dementia,
myocardial infarction and congestive heart
failure, peptic ulcer disease, paralysis,
cerebrovascular disease, peripheral vascular
disease, and rheumatologic conditions. Each
comorbidity is weighted on the basis of
probability of contributing to mortality
within 1 year. To identify patients with
severe lung impairment, we ascertained use
of supplemental oxygen before treatment of
lung cancer based on home health agency
claims or the following codes: Healthcare
Common Procedure Coding System codes
E1390–E13901, E1405–E1406, K0738,
E0424–E0425, E0430–E0435, E0439–
E0446, and E0450 or ICD-9 code V46.2.
Performance status is not directly provided
by SEER-Medicare; therefore, we used
home services on home health agency claims
or nursing home residence (using an
algorithm derived by Zuckerman and
colleagues) as indicators of poor performance
status (24).

NSCLC was staged according to the
seventh edition of the American Joint
Committee on Cancer staging manual
using SEER data regarding tumor size,
extension, location, and lymph node status
(25). Cancer histology and grade were
determined according to the International
Classification of Diseases for Oncology, Third
Edition, and morphology codes available in
SEER (26).

The SEER registry routinely collects
treatment data for 4 months after diagnosis,
and therefore this time period was used to
assess the initial course of therapy. We
obtained data about major surgical resection
and radiotherapy from the SEER registry
and Medicare claims. Chemotherapy use
was determined using Medicare claims
based on validated algorithms because these
data are not routinely reported by SEER
(27). With these data, patients were coded as
having received or not having received
stage-appropriate treatment based on
contemporaneous guidelines (28), defined
as a minimum of surgical resection for

stages I–II disease, chemoradiation or
surgical resection for stage III disease,
and chemotherapy for stage IV disease.
Long-term outcomes included overall
(all-cause mortality) and lung cancer–
specific survival. Survival time was
computed from the time of diagnosis to
the event of interest or last follow-up
(December 31, 2014). Underlying cause
of death is provided by SEER on the basis
of death certificate data.

Statistical Analysis
Tumor characteristics of patients with
and without IPF were compared using
the chi-square test for categorical variables
and the Wilcoxon test for continuous
variables. Logistic regression was used
to compare the probability of stage-
appropriate therapy after adjusting for
demographics, comorbidity score, tumor
characteristics, indicators of poor
performance status, and supplemental
oxygen use. The unadjusted overall and
lung cancer–specific survival rates of
patients with lung cancer with and without
IPF were estimated using the Kaplan-Meier
method and compared with the log-rank
test. Adjusted survival was compared
using the Cox proportional hazards
model, adjusting for sociodemographic
characteristics, comorbidity score, tumor
characteristics, indicators of poor
performance status, and supplemental
oxygen use; results were stratified by
receipt of stage-appropriate therapy.

All analyses were conducted using
SAS statistical software (SAS Institute) with
two-sided P values. The study was exempted
from review by the institutional review
board of the Icahn School of Medicine at
Mount Sinai.

Results

Baseline Characteristics
A total of 54,453 patients with NSCLC were
included in the final analysis (Figure 1). IPF
was present in 855 subjects (2%) in the study
population. Patients with lung cancer with
IPF were older (median age, 76 vs. 74 yr),
more frequently were men (60% vs. 52%),
were more likely to be married (56% vs.
51%), and had higher income (28% vs. 24%
in the highest income quartile) (Table 1).
Comorbidities were also more prevalent
among patients with IPF (71% with at least
one comorbidity vs. 51% of control subjects
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with lung cancer) (Table 1). Although the
proportions of those with poor performance
status were similar (15% vs. 14%), patients
with IPF more frequently had supplemental
oxygen use (18% vs. 7%) (Table 1).

In terms of NSCLC characteristics,
patients with IPF were more likely to be
diagnosed with stage I disease (31% vs. 25%;
P, 0.01) and to be diagnosed with smaller
tumors (median size, 31 vs. 35 mm;
P, 0.01) (Table 2). In addition, patients
with IPF had a greater proportion of
squamous carcinoma (46% vs. 35%;
P, 0.01) and lower-lobe tumors (38% vs.
28%; P, 0.01) (Table 2).

Probability of Stage-Appropriate
Treatment
In unadjusted analysis, in lung cancer
patients with and without IPF, there was no
significant difference in the overall
proportion of patients undergoing stage-
appropriate therapy (48% vs. 49%; P= 0.33;
Table E2; odds ratio [OR], 0.94; 95%
confidence interval [CI], 0.82–1.07; Table 3).
Similar results were obtained in analyses
adjusted for age; sex; marital status;
ethnicity; income; Charlson comorbidity;
tumor size, histology, site, and stage;
functional status; and pulmonary disability
(OR, 0.90; 95% CI, 0.90–1.04) (Table 3).

When stratified by stage and after
controlling for confounders, there was
no significant difference in treatment
proportions among patients with lung
cancer with early-stage (I–II) disease (OR,
1.13; 95% CI, 0.89–1.43); however, patients
with IPF with advanced-stage (III–IV)
disease were less likely to undergo treatment
(OR, 0.82; 95% CI, 0.68–0.99) (Table 3).

Survival
The median overall survival of patients with
lung cancer with IPF was 7.06 1.0 months
compared with 11.06 1.0 months in those
without IPF (P, 0.01) (Figure 2A). Lung
cancer accounted for most deaths in both
groups (79% and 82% in the IPF and non-
IPF groups, respectively; P= 0.09) (Table
E3). In adjusted analysis, patients with IPF
had significantly worse overall survival
(hazard ratio [HR], 1.35; 95% CI, 1.26–1.45)
(Table 4). Similarly, patients with IPF had
worse overall survival in analyses stratified
by type of treatment received (for patients
who received stage-appropriate therapy,
HR, 1.46; 95% CI, 1.31–1.64; for patients
who did not receive stage-appropriate
therapy, HR, 1.29; 95% CI, 1.18–1.43)
(Table 4). Patients with IPF also had worse
lung cancer–specific survival in adjusted
analyses (HR, 1.32; 95% CI, 1.21–1.44) and
in adjusted analysis stratified by treatment
strategy (patients who received stage-
appropriate therapy, HR, 1.48; 95% CI,

77,402 subjects met inclusion criteria:

Age 66 years of above, with pathologically
confirmed Stage I–IV NSCLC diagnosed
between 2007–2011

22,946 subjects were excluded:

–9327 lacked Medicare Part B
–13,622 were enrolled in an HMO

54,453 were included in the final analysis.

Figure 1. Flow diagram of final study population. HMO=health maintenance organization;
NSCLC=non–small cell lung cancer.

Table 1. Characteristics of patients with non–small cell lung cancer, by presence of idiopathic pulmonary fibrosis

Characteristic Entire Cohort (N= 54,453) No IPF (n=53,598) IPF (n=855)

Age, yr, median (IQR) 74 (69–80) 74 (69–80) 76 (71–81)
Male sex, n (%) 28,621 (53) 28,106 (52) 515 (60)
Race/ethnicity, n (%)
White 44,707 (82) 43,988 (82) 719 (84)
Black 5,038 (9) 4,979 (10) 59 (7)
Hispanic 2,004 (4) 1,970 (4) 34 (4)
Other 2,704 (5) 2,661 (5) 43 (5)

Married, n (%) 27,555 (51) 27,078 (51) 477 (56)
Median annual income quartile, n (%)
First (lowest) 14,277 (26) 14,091 (27) 186 (22)
Second 13,569 (25) 13,343 (25) 226 (27)
Third 12,934 (24) 12,730 (24) 204 (24)
Fourth (highest) 13,095 (24) 12,861 (24) 234 (28)

Comorbidity score, n (%)
0 26,442 (49) 26,191 (49) 251 (29)
1–2 20,079 (37) 19,688 (37) 391 (46)
.2 7,932 (15) 7,719 (14) 213 (25)

Indicators of poor functional status
Nursing home or home health services 7,608 (14) 7,480 (14) 128 (15)
Supplemental oxygen 4,085 (8) 3,933 (7) 152 (18)

Definition of abbreviations: IPF = idiopathic pulmonary fibrosis; IQR= interquartile range.
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1.29–1.71; patients who did not receive
stage-appropriate therapy, HR, 1.26; 95%
CI, 1.12–1.41) (Table 4).

Sensitivity Analysis
We repeated the analysis using the modified
algorithm to identify patients with IPF
(n= 155; 0.3%). Patients with IPF identified
by this algorithm were older than those
without IPF (76 vs. 74 yr) and had a greater
burden of comorbidities and higher
supplemental oxygen use (21% vs. 8%)
(Table E4). There was an insufficient
number of subjects with IPF and lung cancer
to stratify the probability of treatment by
stage. Adjusted analyses showed similar
associations of IPF and worsened survival
(Table E5).

Discussion

Patients with IPF represent a special lung
cancer population at greater risk of poorer
outcomes. In this study, we found that
patients with IPF were more likely to be
diagnosed at an early stage but had lower
rates of treatment for advanced disease and
worse long-term outcomes even after
adjusting for differences in treatment,
comorbidities, and functional status. The
reasons for these findings are likely
multifactorial and potentially include poorer
tolerability of treatments, the negative
impact of competing risks, and/or more
aggressive cancer behavior.

The prevalence of IPF in lung cancer
cannot be ascertained from coding data

alone, because the estimate differs on the
basis of the code abstraction strategy used.
Using themodified coding algorithm, 0.3% of
patients with lung cancer had a diagnosis of
IPF. This strategy has higher specificity but
reduced sensitivity (with a 65% false-negative
rate) (22). We found that approximately 2%
of patients with lung cancer had a diagnosis
of IPF using the traditional coding algorithm.
These findings are consistent with previous
cohorts of patients with lung cancer (29–35).
In comparison, Raghu and colleagues
reported a prevalence of 0.5% in the general
population using a similar claims-based
algorithm (20). Thus, our findings suggest
that IPF is substantially overrepresented in
the lung cancer population. However, the
SEER-Medicare registry does not include data
on tobacco exposures, and IPF is associated
with higher rates of smoking (36, 37), a factor
that may explain our findings. Other possible
factors that may explain a potential
association between IPF and lung cancer
include chronic inflammation and repair
leading to malignant changes; likewise,
dysregulated fibroblast proliferation may
play an essential role in supporting the
tumor microenvironment (38).

There were several differences in the
characteristics of lung cancer in patients
with IPF. First, IPF was associated with an

Table 2. Non–small cell lung cancer features, by presence of idiopathic pulmonary fibrosis

Tumor Characteristics Entire Cohort (N= 54,453) No IPF (n= 53,598) IPF (n=855) P Value

Cancer stage, n (%)
I 13,591 (25) 13,325 (25) 266 (31) ,0.01
II 5,104 (9) 5,018 (9) 86 (10)
IIIA 7,003 (13) 6,864 (13) 139 (16)
IIIB 3,860 (7) 3,799 (7) 61 (8)
IV 24,895 (46) 24,592 (46) 303 (35)

Tumor size, mm, median (IQR) 35 (23–54) 35 (23–54) 31 (20–48) ,0.01
Tumor size, mm, n (%)
<20 9,497 (17) 9,318 (17) 179 (21) ,0.01
21–30 9,262 (17) 9,107 (17) 155 (18)
31–50 13,405 (25) 13,202 (25) 203 (24)
51–70 7,015 (13) 6,932 (13) 83 (10)
>71 5,037 (9) 4,974 (9) 63 (7)
Unknown 10,237 (19) 10,065 (19) 172 (20)

Histology, n (%)
Adenocarcinoma 29,959 (55) 29,576 (55) 383 (45) ,0.01
Squamous cell carcinoma 18,918 (35) 18,521 (35) 397 (46)
Large cell carcinoma 1,550 (3) 1,530 (3) 20 (2)
Other histology 4,026 (7) 3,971 (7) 55 (6)

Tumor site, n (%)
Upper lobe 28,071 (52) 27,701 (52) 370 (43) ,0.01
Middle lobe 2,193 (4) 2,159 (4) 34 (4)
Lower lobe 15,346 (28) 15,025 (28) 321 (38)
Other 8,843 (16) 8,713 (16) 130 (15)

Definition of abbreviations: IPF = idiopathic pulmonary fibrosis; IQR= interquartile range.

Table 3. Stage-appropriate therapy in patients with lung cancer with idiopathic
pulmonary fibrosis compared with control subjects with lung cancer

Analysis Unadjusted OR (95% CI) Adjusted OR* (95% CI)

Entire cohort 0.94 (0.82–1.07) 0.90 (0.78–1.04)
Stages I–II 0.89 (0.72–1.11) 1.13 (0.89–1.43)
Stages III–IV 0.87 (0.73–1.04) 0.82 (0.68–0.99)

Definition of abbreviations: CI = confidence interval; OR=odds ratio.
*Adjusted for age, sex, marital status, ethnicity, income, Charlson comorbidity index, tumor size,
histology, site, stage, functional status, and pulmonary disability.
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increased number of lower-lobe tumors and
a predominant squamous histology, which
are consistent with findings in prior studies
(6–9, 12, 39). A plausible explanation is that
given the higher risks associated with lung
biopsies, patients with IPF and more
indolent–appearing subsolid lesions (which
are more likely to be adenocarcinoma) were
undersampled (40, 41). Second, tumors were
diagnosed at an earlier stage and were of
smaller size in patients with IPF. Patients
with IPF with advanced tumors may be less
likely to undergo tissue sampling or undergo
less invasive staging evaluations, leading to a
more favorable stage distribution relative to
patients without IPF. It is also possible that
tumors in these patients are detected earlier
as a result of increased imaging surveillance

as part of the management of their
underlying lung disease. The frequent use
of CT in this population may lead to
overdiagnosis, a phenomenon that may
explain the increased lung cancer rate in
patients with IPF as well as the higher
prevalence of early-stage tumors. However,
the increased incidence of squamous cell
carcinomas and the higher lung cancer
mortality among patients with IPF argue
against a high rate of overdiagnosis.

Lung cancer mortality is substantial in
patients with IPF, accounting for 8–13% of
deaths (4, 5, 11, 17, 42–44). Our study shows
that IPF is associated with increased
mortality in those who receive stage-
appropriate treatment, which may be a
result of treatment-related complications.

Prior reports have shown increased
complications after radiation therapy (45),
chemotherapy (46–48), and surgery (16, 30,
49–55). Given the impact of IPF-related
mortality and the higher lung cancer–
related mortality, there is a clear need for
comprehensive studies evaluating the role of
treatment in this population. Although
prospective clinical trials would provide
the best evidence regarding optimal
management, challenges in recruiting and
randomizing these patients and high costs
may make these studies unlikely. Thus,
alternative approaches, such as comparative
effectiveness studies using observational
data and/or modeling approaches, may be
necessary to assess the optimal management
of patients with IPF with lung cancer.
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Figure 2. Kaplan-Meier curves of (A) overall and (B) lung cancer–specific survival in patients with lung cancer with and without idiopathic pulmonary fibrosis
(IPF).

Table 4. Overall and lung cancer–specific survival based on presence of idiopathic pulmonary fibrosis

Entire Cohort
Received Stage-Appropriate

Therapy
Did Not Receive Stage-Appropriate

Therapy

No IPF IPF No IPF IPF No IPF IPF

No. of subjects 53,598 855 26,358 406 27,240 449
Overall survival
Unadjusted HR (95% CI) 1 (Ref) 1.26 (1.17–1.36) 1 (Ref) 1.31 (1.17–1.47) 1 (Ref) 1.22 (1.11–1.34)
Adjusted HR* (95% CI) 1 (Ref) 1.35 (1.26–1.45) 1 (Ref) 1.46 (1.31–1.64) 1 (Ref) 1.29 (1.18–1.43)

Lung cancer–specific survival
Unadjusted HR (95% CI) 1 (Ref) 1.21 (1.10–1.32) 1 (Ref) 1.26 (1.09–1.44) 1 (Ref) 1.17 (1.04–1.31)
Adjusted HR* (95% CI) 1 (Ref) 1.32 (1.21–1.44) 1 (Ref) 1.48 (1.29–1.71) 1 (Ref) 1.26 (1.12–1.41)

Definition of abbreviations: CI = confidence interval; HR=hazard ratio; IPF = idiopathic pulmonary fibrosis; Ref = referent.
*Adjusted for age; sex; marital status; ethnicity; income; Charlson comorbidity index; tumor size, histology, site, and stage; functional status; pulmonary
disability; and stage-appropriate therapy.
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Increased efforts in lung cancer
prevention remain an important aspect of the
management of patients with IPF. Potential
interventions include smoking cessation and
treatment of the underlying IPF, which have
been associated with reduced risk of lung
cancer development (7, 56). Lung cancer
screening has been shown to reduce lung
cancer mortality by 20% in high-risk smokers
(57), and its use has recently been advocated
to reduce lung cancer mortality in the IPF
population (58). However, many patients
with IPF may not be eligible for resection,
given their advanced lung disease, and they
often experience increased complications
from surgery, chemotherapy, and radiation
(45, 46). Therefore, the harms of lung cancer
screening may exceed any potential additive
benefits.

Our study has several limitations. First,
the algorithm employed by Raghu and
colleagues has a positive predictive value of
54% (21). However, some uncertainty may
arise from making the diagnosis of IPF in
clinical practice. Although a diagnosis of IPF

may require histologic confirmation, many
patients are too ill to undergo lung biopsy.
Conversely, as many as 35% of patients with
atypical CT findings actually have IPF (59).
Moreover, our sensitivity analysis using a
more specific (but less sensitive) coding
algorithm yielded similar results. Second,
SEER-Medicare data do not provide detailed
information on lung function or performance
status; thus, we were not able to fully
characterize the severity of IPF. However, we
used validated methods of ascertaining poor
functional status and use of oxygen, two
markers of disease severity. Third, we were
unable to ascertain from claims data the
extent to which patient preferences played a
role in the decision not to undergo stage-
appropriate therapy. Similarly, we are unable
to determine the role of treatment of IPF with
antifibrinolytic therapy in lung cancer
outcomes, because these drugs were
approved for use in 2014, after our study
period of 2007–2011. The most recent
SEER-Medicare database includes cancer
cases diagnosed up to 2015, which would

not provide a sufficiently large cohort of
treated patients with IPF who were
diagnosed 1 year before their lung cancer
diagnosis to conduct an adequately
powered analysis. Despite these limitations,
our study’s main strengths are the use of a
large cancer registry that is representative
of the U.S. population and the availability
of long-term survival outcomes.

In summary, we found that patients
with IPF and lung cancer have a greater
proportion of early-stage disease of
squamous histology in a lower-lobe
distribution. This atypical distribution may
need to be incorporated into risk models for
lung nodule management in patients with
IPF. In addition, our data suggest that IPF is
an independent risk factor for increased
lung cancer and overall mortality. Further
research is needed to identify the best
strategies to control and treat lung cancer in
this highly affected population. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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