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Abstract

Background: Lung cancer is an important complication of combined pulmonary fibrosis

and emphysema (CPFE). Whether the risk of lung cancer is higher in CPFE patients with

usual interstitial pneumonia (UIP) than those with idiopathic pulmonary fibrosis (IPF) alone,
remains controversial. We conducted this systematic review and meta-analysis to evaluate the
prevalence of lung cancer in CPFE patients with UIP compared with IPF patients.

Methods: We searched the PubMed, Embase, and Cochrane databases for studies that
focused on the incidence of lung cancer in CPFE/UIP and IPF groups. We used a fixed-effects
model to analyze the odds ratios (ORs] with 95% confidence intervals (Cls) according to data
heterogeneity. The cumulative effects based on the publication year and sample size were

assessed by cumulative meta-analysis.

Results: A total of nine studies with 933 patients, including 374 CPFE patients with UIP,
fulfilled the inclusion criteria. Overall, CPFE patients with UIP have a higher risk of lung
cancer than those with IPF alone (OR=2.69; 95% Cl: 1.78-4.05). There were increased risks of
lung cancer in CPFE/UIP patients with the presence of emphysema (0R=2.93; 95% Cl: 1.79-
4.79) or emphysema in =10% of the lung volume (OR=2.22; 95% Cl: 1.06-4.68).

Conclusions: Our systematic review and meta-analysis indicated a significantly higher
prevalence of lung cancer in CPFE patients with UIP than in patients with IPF alone.

The reviews of this paper are available via the supplemental material section.
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Introduction

Combined pulmonary fibrosis and emphysema
(CPFE) is a clinical syndrome characterized by
the presence of emphysema in the upper lung
lobes, and pulmonary fibrosis in the lower lung
lobes on chest high-resolution computerized
tomography (HRCT).! In 2005, CPFE was first
defined as a distinct, unrecognized syndrome by
Cottin et al,! that does not resemble the

physiological, radiological, and clinical features of
a simple combination of emphysema and pulmo-
nary fibrosis.>3 Many pulmonary vascular diseases
or parenchymal lung diseases have been associ-
ated with CPFE; for example, pulmonary hyper-
tension? and acute lung injury.’ It should be noted
that, lung cancer, as a complication of idiopathic
pulmonary fibrosis (IPF),° is also a complication
of CPFE patients with poor prognoses.” Moreover,
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the risk of CPFE patients developing lung cancer
was higher than those with IPF alone in a number
of studies.” 19 The tendency for a CPFE patient to
be a heavy smoker or to be older may contribute
to this phenomenon,!! as it has been shown that
cigarette smoking and old age are risk factors of
lung cancer.!? However, other studies have found
that there is no significant difference in the risk of
lung cancer between CPFE patients and patients
with IPF alone.!3-17 Researchers have suggested
that the similarity in pathogenesis in developing
lung cancer could lead to the similarity in the
incidence of lung cancer between the two distinct
diseases, CPFE and IPF alone.?2 In addition, as
the prognosis of CPFE patients with usual inter-
stitial pneumonia (UIP) differs to those with other
fibrotic patterns on HRCT,!%18 the heterogeneous
CPFE diagnostic criteria, especially for different
fibrosis patterns, may be another reason for the
discrepancies in the reported prevalence of lung
cancer between CPFE patients and patients with
IPF alone. Therefore, whether CPFE patients are
at an increased risk of lung cancer compared with
patients with IPF alone remains controversial.

The focus of this systematic review and meta-
analysis was to assess whether CPFE patients
with UIP were more likely to contract lung cancer
than those with IPF alone. As patients with IPF
or UIP are involved in most studies focusing on
CPFE,!° the increased risk of developing lung
cancer may provide evidence of the different
mechanisms between CPFE/UIP and IPF alone
for subsequent studies. Future studies that focus
on the different mechanisms between CPFE/UIP
and IPF diseases that result in lung cancer may be
of great value to clinicians. This would allow
them to rapidly discriminate between CPFE
patients with UIP from those with IPF alone, as
well as to conduct routine screening tests for lung
cancer on CPFE patients with UIP.

Methods

Selection criteria

The inclusion criteria for this study were as fol-
lows: (1) study design: retrospective or cohort
studies including CPFE patients with UIP and
IPF patients; (2) provided the prevalence of lung
cancer in CPFE patients with UIP and IPF
patients; (3) confirmed lung cancer by pathologi-
cal biopsy or surgery; (4) only studies written in
English were included.

Based on the diagnostic criteria of CPFE, defined
by Cottin et al.,! patients who met the following cri-
teria were diagnosed with CPFE: (1) the presence
of emphysema lesions on chest HRCT, including
centrilobular, paraseptal, or mixed emphysema,
mainly in the upper lobes; (2) the presence of pul-
monary fibrosis on chest HRCT, including reticula-
tions, honeycombing, distortion of lung architecture,
and/or bronchiectasis or traction bronchiectasis pre-
dominantly in the lower lobes. The diagnosis of IPF
and UIP was performed according to the 2011 offi-
cial ATS/ERS/JRS/ALAT guidelines for the diag-
nosis and management of IPF.20 According to these
guidelines, which describe the criteria for UIP pat-
terns, the HRCT fibrotic patterns are divided into
three subtypes. These are: a UIP pattern, possible
UIP pattern, and inconsistencies with a UIP pat-
tern. A UIP pattern and a possible UIP pattern on
HRCT were considered as a defined UIP pattern
for the diagnosis of IPF if no surgical lung biopsy
was performed.

The exclusion criteria were as follows: (1) review
articles, case reports, or observational studies
without a control group; (2) studies that did not
describe the incidence of lung cancer in CPFE
patients with UIP or patients with IPF alone; (3)
duplicated papers written by the same authors;
(4) studies focusing on animals only.

Literature search

Our systematic review and meta-analysis were
based on the PRISMA guidelines.?! Two members
of our group (QC and PL) searched the PubMed,
Embase, and Cochrane databases for studies that
were published from database inception to
December 10, 2020, with a systemic literature
search strategy that included supplementary data
files. The literature search was performed and
repeated several times by the two authors in differ-
ent medical science information centers affiliated
to Nanjing Medical University at different times
independently. The two investigators viewed
abstracts and full texts of the relevant papers in
English. In addition, the reference lists of the
related articles previously published were consid-
ered for an additional literature search.

Data extraction

The two members of our group (QC and PL) car-
ried out data extraction independently. The data
of the selected articles, including names of
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Table 1. The main characteristics of the studies included in this meta-analysis.

References Country  Lung cancer in Lung cancerin  Extent of NOS score
CPFE/UIP group (%)  IPF group (%) emphysema
Inomata et al.8 Japan 19/22 (86.4) 1/8 (12.5) Present 7
Kwak et al.’3 Korea 12/48 (25.0) 5/48 (10.4) 10% 8
Sugino et al.'s Japan 5/46 (10.9) 4164 (6.3) 10% 7
Tomassetti etal.’® ltaly 12/62 (19.4) 11/119 (9.2) Present 7
Portillo et al.” Spain 6/29 (20.7) 3/37(8.1) 10% 8
Lee and Kim10 Korea 12/44 (27.2) 9/110(8.2) Present 6
Ikezoe et al.? Japan 6/16 (37.5) 5/56 (8.9) Present 6
Ciftci et al.™ Turkey 6/77 (7.8) 1/33 (3.0) Present 7
Laietal.? China 5/30 (16.7) 6/84 (7.1 Present 7

CPFE, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; NOS, Newcastle-Ottawa Quality

Assessment Scale; UIP, usual interstitial pneumonia.

authors, publication year, country or area, design
of study, sample size, population of patients with
CPFE/UIP, and IPF alone developing lung can-
cer were reviewed and collected according to the
selection criteria above. Only one study was
included if the same raw data were published in
different papers. We assessed the quality of all
selected studies by following the Newecastle-
Ottawa Quality Assessment Scale (INOS).22

Statistical analysis

The Chi-squared test and I-squared test were
used to measure the heterogeneity among studies.
No significant heterogeneity was noted, accord-
ing to our study, when p>0.1 and 2<50%. If no
significant heterogeneity was determined, the
Mantel-Haenszel fixed-effects model was applied
for the evaluation of odds ratios (OR) and 95%
confidence intervals (CIs) in the meta-analysis;
otherwise, a random-effect model was applied.?3
The cumulative effects, based on publication year
and sample size, were estimated using cumulative
meta-analysis.2* We assessed publication bias by
using funnel plots as a form of qualitative analy-
sis.?5> The Begg rank correlation test (Begg’s Test)
and Egger linear regression test (Egger’s Test)
were used for the quantitative analysis of publica-
tion bias accordingly.2%:27 p-values of <0.05 across
all tests were considered statistically significant in
this study. Statistical analysis was conducted

using the software STATA 12.0 (2000; STATA
Corp., College Station, Texas, USA).

Results

Characteristics of the studies

A total of nine studies fulfilled the selection crite-
ria and were included in this systematic review
and meta-analysis. The characteristics of the nine
studies that were included are summarized in
Table 1 and Table 2. The PRISMA flow Diagram
(Figure 1) shows the process of literature selec-
tion and identification. In total, 933 patients,
including 374 CPFE patients with UIP and 559
patients with IPF but without emphysema were
selected from the studies. The overall incidence
of developing lung cancer was 13.7% (128/933),
of which the CPFE/UIP group was 22.2%
(83/374) and the IPF group was 8.1% (45/559).
The publication years of the studies included in
this systematic review and meta-analysis ranged
from 2014 to 2019. The studies involved in our
systematic review and meta-analysis were con-
ducted in different countries; including China,
Italy, Japan, Korea, Spain, and Turkey. No sig-
nificant differences in age were reported in each
selected study (Table 2). However, there were
more male patients and smokers (with more pack-
years) in the CPFE/UIP groups from five studies
that we included. In addition, three studies
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Table 2. The demographic characteristics of the patients in the studies we included.

References

CPFE/UIP versus IPF

Age (years)

Sex

Smoking status

Inomata et al.®

Kwak et al."3

Sugino et al.’®

Tomassetti et al.1¢

Portillo et al.”

Lee and Kim10

lkezoe et al.?

Ciftci et al.'4

Lai etal.’”

Median age: 73.5 versus
74.0 (p=0.695)

Age (mean =SD):
66.6 + 6.8 versus
73.6+6.8 (p=0.910)

Age (mean =SDJ:
72.9 £6.7 versus
73.6+6.8 (p=0.631)

Not mentioned

Age (mean=SD): 71+ 7
versus 72+ 10 (p=0.649)

Not mentioned

Not mentioned

Age (mean =SD):
66.94+9.99 versus
66.97+10.21 (p=0.909)

Median age 80.0 versus
79.5 (p=0.730)

Female/male: 0/22
versus 1/7 (p=0.244)

All male patients

Female/male: 5/41
versus 16/48 (p=0.063)

Not mentioned

Female/male: 0/29
versus 11/26 (p=0.001)

More males (p=0.001) in
CPFE/UIP group

Not mentioned
Female/male: 20/57
versus 24/9 (p<0.001)

Female/male: 2/28
versus 13/71 (p=0.347)

Median pack-years: 64.0
versus 43.0 (p=0.641)

Pack-years (mean = SD]:
43.2 +15.1 versus
21.2+20.4 (p<0.001)

Pack-years (mean = SD]:
57.8 £34.4 versus
32.4%29.9 (p<0.001)

Not mentioned

Pack-years (mean = SDJ:
57 =26 versus 19 = 31
(p<0.001)

More smokers (p=0.040) in
CPFE/UIP group

Not mentioned

Pack-years (mean = SDJ:
33.64 £22.89 versus
8.79 = 11.50 (p<0.001)

Not mentioned

CPFE, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; SD, standard deviation; UIP,

usual interstitial pneumonia.

specified the extent of emphysema when defining
CPFE with a threshold of 10% lung volume.
However, the presence of emphysema, without
any specific thresholds, was required as part of
the diagnostic criteria of CPFE in the six remain-
ing studies.

An increased risk of lung cancer was described by
four studies, whereas no significant difference was
found by five studies. A total of six studies described
the results of pulmonary function testing (PFT) in
patents with CPFE/UIP and IPF alone. A general
description of the PFT parameters reported in
more than three studies is provided in Table 3,
including forced vital capacity (FVC; % predicted),
forced expiratory volume in one second (FEV,; %
predicted), FEV,/FVC ratio, diffusing capacity for
carbon monoxide (D;CO; % predicted), and
D, CO/alveolar volume (VA) ratio (% predicted).
We found that the CPFE patients with UIP had

significantly lower FEV,/FVC ratios and DLCO
(% predicted) compared with patients with IPF
alone in five studies (Table 3).

Subgroup analysis and cumulative

meta-analysis

The Mantel-Haenszel fixed-effects model was
applied to evaluate OR and 95% CIs due to the
low heterogeneity among the studies (p=0.975,
I2=0) in this meta-analysis. From the forest plot
of the overall meta-analysis, a significant increased
risk of lung cancer was observed for the CPFE
patients with UIP in comparison to those with
IPF alone (Figure 2; OR=2.69; 95% CI: 1.78—
4.05; p<0.001).

Despite the low heterogeneity (I2=0), subgroup
analysis was used to compare the extent of emphy-
sema in CPFE patients with UIP; in selected
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Figure 1. PRISMA 2009 flow diagram.

From: Moher D, Liberati A, Tetzlaff J, et al. The PRISMA Group.
analyses: the PRISMA statement. PLoS Med 2009; 6: e1000097.
For more information, visit www.prisma-statement.org.

studies, the severity of emphysema was defined
by different thresholds (presence of emphysema
or =10% lung volume). A significantly higher
prevalence of lung cancer was observed in CPFE/
UIP patients with the presence of emphysema
(OR=2.93; 95% CI: 1.79-4.79; p<<0.001) or
=10% lung volume of emphysema (OR=2.22;
95% CI: 1.06-4.68; p=0.035) based on the out-
comes of subgroup analysis (Figure 3). Subgroup
analysis was performed according to countries,
and an increased risk existed in both Asian
(OR=2.94; 95% CI: 1.78-4.86; p<<0.001) and
European countries (OR=2.26; 95% CI: 1.11-
4.59; p=0.024) where the nine included studies
conducted (Figure 4). Moreover, a statistically
significant increase in the prevalence of lung can-
cer in CPFE patients with UIP was found since

Preferred reporting items for systematic reviews and meta-
DO0I:10.1371/journal.pmed1000097.

2014. In addition, a 95% CI in the cumulative
meta-analysis remained increasingly stable over
the publication duration of the studies (Figure 5).
Furthermore, the addition of studies with larger
sample sizes from the cumulative meta-analysis
did not result in substantive changes in the risk of
lung cancer (Figure 6).

Evaluation of publication bias

We found that there was no publication bias from
the funnel plot (Figure 7). In addition, Begg’s Test
and Egger’s Test were applied, and the results
demonstrated that there was no significant publi-
cation bias [Egger’s Test: p=0.372; 95% CI:
—0.90 to 2.11 (Figure 8); Begg’s Test: z=1.15
<1.96, p=0.251, continuity corrected (Figure 9)].
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Study %
D OR (95% Cl) Weight
i
Inomata et al (2014) : + 6.91(0.79, 60.37) 3.16
1
1
Kwak et al (2014) B I a— 2.40 (0.79, 7.34) 15.24
1
1
Sugino et al (2015) —_— 1.74 (0.44, 6.83) 11.09
1
Tomassetti et al (2015) -—0—%— 2.09 (0.87, 5.02) 23.99
1
Portillo et al (2017) - 2.55 (0.59, 11.08) 8.32
1
1
Lee et al (2017) — 3.33(1.31, 8.47) 16.24
1
1
Ikezoe et al (2018) —_— 4.20 (1.13, 15.57) 6.92
1
1
Ciftci et al (2019) ‘I 2.57(0.30, 22.21) 4.72
1
Lai et al (2019) — 2.33(0.66, 8.21) 1033
1
Overall (I-squared = 0.0%, p = 0.975) 0 2.69 (1.78, 4.05) 100.00
1
1
1
1
1
T : T
.0166 1 60.4
Figure 2. Overall meta-analysis of lung cancer risk in patients with CPFE/UIP and IPF alone.
%
au time OR (95% CI) Weight
Presence of Emphysema '
Inomata et al 2014 : 6.91(0.79, 60.37) 3.16
Tomassetti et al 2015 e 2.09(0.87, 5.02) 23.99
1
Lee etal 2017 —_—t— 3.33(1.31,8.47) 16.24
lkezoe et al 2018 —_— 4.20(1.13,1557)  6.92
Ciftci et al 2019 4+ 257(0.30,2221) 472
1
Lai et al 2019 —_—— 2.33(0.66, 8.21) 10.33
Subtotal (l-squared = 0.0%, p = 0.892) <> 2.93(1.79, 4.79) 65.35
I
|
Over 10% Lung Volume :
1
Kwak et al 2014 - 2.40 (0.79, 7.34) 15.24
1
Sugino et al 2015 —_—T 1.74 (0.44, 6.83) 11.09
Portillo et al 2017 — 2.55(0.59, 11.08) 8.32
|
Subtotal (l-squared = 0.0%, p = 0.916) <3> 2.22(1.06, 4.68) 34.65
1
1
1
Overall (l-squared = 0.0%, p = 0.975) <> 2.69 (1.78, 4.05) 100.00
|
1

T
.0166

Figure 3. Subgroup meta-analysis of the selected studies based on different thresholds of emphysema extent

used for CPFE definition.

1

60.4
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%
au time OR (95% CI) Weight

1
Asian Countries .
1

Inomata et al 2014 . - 6.91(0.79,60.37)  3.16
Kwak et al 2014 4 2.40 (0.79, 7.34) 15.24
Sugino et al 2015 ——.—:— 1.74 (0.44, 6.83) 11.09
Lee et al 2017 _L.__ 3.33 (1.31, 8.47) 16.24
lkezoe et al 2018 _—— 420(113,1557)  6.92
Lai et al 2019 ——o—i— 2.33 (0.66, 8.21) 10.33

Subtotal (l-squared = 0.0%, p = 0.880) <> 2.94 (1.78, 4.86) 62.97
i
]
European Countries :
1
Tomassetti etal 2015 e 2.09 (0.87, 5.02) 23.99
Portillc et al 2017 __'.'— 2.55(0.59, 11.08)  8.32
Ciftci et al 2019 - 257 (0.30,22.21) 472
1
<:{> 2.26 (1.11, 4.59) 37.03
1
1
1
1
1
1

Subtotal (I-squared = 0.0%, p = 0.966)

Overall (I-squared = 0.0%, p = 0.975) 2.69 (1.78, 4.05) 100.00

| |
.0166 1 60.4

Figure 4. Subgroup meta-analysis based on different regions of the included studies.

Study
D OR (95% Cl)
Inomata et al (2014) 6.91(0.79, 60.37)
Kwak et al (2014) _— 3.17 (1.20, 8.42)
Sugino et al (2015) —_—— 2.63(1.20,5.78)
Tomassetti et al (2015) —_— 2.39(1.34,4.28)
Portillo et al (2017) e 2.41(1.40,4.15)
Lee et al (2017) —_— 2.60 (1.63, 4.16)
Ikezoe et al (2018) —— 2.73(1.76, 4.26)
Ciftci et al (2019) — 273 (1.77, 4.21)
Lai et al (2019) —_— 2.69(1.78, 4.05)
T I

.0166 1 60.4

Figure 5. Cumulative meta-analysis of the included studies based on publication year. The OR (95%Cl) values
on the figures means the overall OR (95%Cl) calculated by the studies on the same row and all the rows above.
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Study
ID OR (95% Cl)
Inomata et al (2014) 6.91 (0.79, 60.37)
Portillo et al (2017) —_— 3.75 (1.14, 12.32)
lkezoe et al (2018) —_— 3.92(1.61, 9.54)
Kwak et al (2014) —_— 3.23(1.61, 6.48)
Sugino et al (2015) —_— 2.86 (1.55, 5.30)
Ciftci et al (2019) —_— 2.83(1.56, 5.13)
Lai et al (2019) —_—— 2.75(1.61,4.70)
Lee et al (2017) —_—— 2.87 (1.80, 4.58)
Tomassetti et al (2015) —_— 2.69 (1.78, 4.05)
T I
.0166 1 60.4

Figure 6. Cumulative meta-analysis of the included studies based on sample size. The OR (95%CI) values on
the figures means the overall OR (95%Cl) calculated by the studies on the same row and all the rows above.

Discussion

Our systematic review and meta-analysis indi-
cated that a statistically significant higher preva-
lence of lung cancer existed in CPFE patients with
UIP, compared with those with IPF alone. To the
best of our knowledge, this is the first meta-analy-
sis to examine the risks of lung cancer in CPFE
patients with UIP, although two meta-analysis
studies described the clinical features or prognosis
of CPFE in lung cancer patients in comparison
with the result to patients without CPFE.28:29 In
the current review, the risks of lung cancer for
CPFE patients with UIP were 2.69 times higher
than for patients with IPF alone (OR=2.69; 95%
CI: 1.78-4.05; p<<0.001), where no significant
changes occurred in the cumulative analysis.

After reviewing the CPFE studies and other
CPFE-related studies during data extraction, we
noted that different selection criteria were utilized
for CPFE patients, including varied types of
intestinal lung diseases or thresholds of emphy-
sema. It should be noted that a systematic review
published in 2020 found that approximately half
of CPFE-related studies (34 studies, 47%)

required a diagnosis of IPF for CPFE patients.!®
Therefore, we only included CPFE patients with
pulmonary fibrosis of UIP subtype in our meta-
analysis and performed a subgroup analysis for
different emphysema thresholds. Subgroup anal-
ysis demonstrated that an increased risk of lung
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Figure 7. Evaluation of publication bias by Funnel plot.
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Figure 9. Evaluation of publication bias by Egger’s Test.

cancer still existed in CPFE patients with differ-
ent emphysema thresholds (presence of emphy-
sema or =10% lung volume).

Hypotheses were formulated to explain the higher
risks of lung cancer for CPFE patients. Firstly,
CPFE, as one of the smoking-related lung dis-
eases, rather than pulmonary fibrosis alone, was
more likely to occur in heavy smokers and
males,3%31 who were susceptible to lung cancer,
especially squamous cell carcinoma.!? In addi-
tion, squamous cell carcinoma was reported to be
the most frequent histological subtype of lung
cancer in CPFE patients.?®8 In our systematic
review and meta-analysis, five studies also found
that CPFE patients with UIP tended to be heavy
smokers compared with IPF-alone patients.

Besides cigarette smoking, it has been shown that
radiographic emphysema, per se, is independently-
associated with lung cancer development.32:33
Therefore, compared with patients with IPF
alone, it seems reasonable to attribute the higher
frequency of lung cancer in CPFE patients to the
combined effects of emphysema and fibrosis in
carcinogenesis. However, it remains unknown
whether the increased risk of lung cancer in CPFE
patients results from more than the sum of its
parts (emphysema and pulmonary fibrosis) or just
a simple sum of its parts. Additional precise sta-
tistic models are required to calculate and com-
pare the influences on lung cancer development
in CPFE patients. Bioinformatic analysis and
whole-genome microarray sequencing revealed
that there were significant differences in gene
expression between the fibrotic and emphysema-
tous lesions in CPFE patients with lung cancer,3*
which might explain the genetic mechanisms
behind CPFE patients developing lung cancer.
Additional studies, focusing on the molecular
mechanisms of lung cancer in CPFE patients, are
urgently required in this area. However, as previ-
ously noted, a lack of official CPFE identification
and classification guidelines are major obstacles
in furthering biological and clinical studies.!® Of
course, we cannot ignore the fact that the preva-
lence of CPFE in patients with emphysema or
pulmonary fibrosis was not very low (range,
18.8% to 50.9%),3> and CPFE patients with UIP
were at an increased risk of lung cancer as dem-
onstrated in our meta-analysis. Overall, consider-
ing the prevalence and serious complications
associated with a poor prognosis of CPFE, it is
necessary to make a concerted effort to formulate
official CPFE guidelines in the future.

There are some limitations in this systematic
review and meta-analysis. Firstly, the sample size
of each study we included was not very large.
Secondly, no acknowledged diagnostic criteria of
CPFE have been established until now, although
all CPFE patients in the selected studies were
diagnosed according to the initial definitions pro-
posed by Cottin ez al.! The unstandardized crite-
ria of CPFE, including different emphysema
thresholds, may contribute to undue diagnosis or
less sensitivity for CPFE. In addition, we only
included CPFE patients with UIP, and did not
focus on the risks of lung cancer in CPFE patents
with other subtypes of pulmonary fibrosis. Lastly,
it is possible that the inclusion of papers written
only in English may result in a statistic bias.
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Conclusions

In conclusion, our systematic review and meta-
analysis indicated a significantly higher preva-
lence of lung cancer in CPFE patients with UIP
than those with IPF alone for the first time.
Additional multi-center or prospective research
should be conducted in the future.

Acknowledgements

The authors wound like to thank Fuxing Chen for
his assistance in statistical analysis. We would like
to thank Editage (www.editage.com) for English
language editing.

Author contributions

WX and HK contributed to this work equally.
WX and HK were responsible for conceptualiza-
tion, funding acquisition, project administration,
supervision, writing-review, and editing. QC was
involved in the investigation and writing of the
original draft. QC and PL were involved in data
curation, formal analysis, writing-review, and
editing. HZ contributed to the methodology and
writing of the original draft. PLL and HZ were
responsible for the software application.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported by National Natural Science
Foundation of China (NSFC) [grant number
81870054] and Key Project of National Science
& Technology for Infectious Diseases of China
[grant number 2018ZX10722301-002].

ORCID iD
Weiping Xie
6011-0143

https://orcid.org/0000-0002-

Supplemental material
The reviews of this paper are available via the
supplemental material section.

References
1. Cottin V, Nunes H, Brillet P-Y, ez al. Combined
pulmonary fibrosis and emphysema: a distinct
underrecognised entity. Eur Respir F 2005; 26:
586-593.

10.

11.

12.

13.

14.

Lin H and Jiang S. Combined pulmonary fibrosis
and emphysema (CPFE): an entity different from
emphysema or pulmonary fibrosis alone. ¥ Thorac
Dis 2015; 7: 767-779.

Cottin V. The impact of emphysema in
pulmonary fibrosis. Eur Respir Rev 2013; 22:
153-157.

Cottin V, Le Pavec J, Prevot G, ez al. Pulmonary
hypertension in patients with combined
pulmonary fibrosis and emphysema syndrome.
Eur Respir §2010; 35: 105-111.

Saito H, Minamiya Y, Nanjo H, ez al.
Pathological finding of subclinical interstitial
pneumonia as a predictor of postoperative acute
respiratory distress syndrome after pulmonary
resection. Eur ¥ Cardiothorac Surg 2011; 39:
190-194.

Caminati A, Lonati C, Cassandro R, ez al.
Comorbidities in idiopathic pulmonary fibrosis:
an underestimated issue. Eur Respir Rev 2019; 28:
190044.

Portillo K, Perez-Rodas N, Garcia-Olive I,

et al. Lung cancer in patients with combined
pulmonary fibrosis and emphysema and
idiopathic pulmonary fibrosis. A descriptive study
in a Spanish series. Arch Bronconeumol 2017; 53:
304-310.

Inomata M, Ikushima S, Awano N, ez al. An
autopsy study of combined pulmonary fibrosis
and emphysema: correlations among clinical,
radiological, and pathological features. BMC
Pulm Med 2014; 14: 104.

Ikezoe K, Handa T, Tanizawa K, ez al. The
predictive risk factors for lung cancer in patients
with idiopathic pulmonary fibrosis. Am ¥ Respir
Crit Care Med 2018; 197: A1614.

Lee H and Kim CW. Clinical significance of
combined pulmonary fibrosis and emphysema.
Eur Respir ¥ 2017; 50: PA863.

Oldham JM and Collard HR. Comorbid
conditions in idiopathic pulmonary fibrosis:
recognition and management. Front Med 2017,
4:123.

de Groot P and Munden RF. Lung cancer
epidemiology, risk factors, and prevention. Radiol
Clin North Am 2012; 50: 863-876.

Kwak N, Park CM, Lee ], er al. Lung cancer
risk among patients with combined pulmonary
fibrosis and emphysema. Respir Med 2014; 108:
524-530.

Ciftci F, Gulpinar B, Atasoy C, ez al. Combined
pulmonary fibrosis and emphysema: how does

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar
www.editage.com
https://orcid.org/0000-0002-6011-0143
https://orcid.org/0000-0002-6011-0143

Therapeutic Advances in Respiratory Disease 15

Visit SAGE journals online
journals.sagepub.com/
home/tar

®SAGE journals

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

cohabitation affect respiratory functions? Adv
Med Sci 2019; 64: 285-291.

Sugino K, Nakamura Y, Ito T, ez al. Comparison
of clinical characteristics and outcomes between
combined pulmonary fibrosis and emphysema
associated with usual interstitial pneumonia pattern
and non-usual interstitial pneumonia. Sarcoidosis
Vasc Diffuse Lung Dis 20153 32: 129-137.

Tomassetti S, Gurioli C, Ryu JH, ez al. The
impact of lung cancer on survival of idiopathic
pulmonary fibrosis. Chest 2015; 147: 157-164.

Lai R-S, Chen C-F, Chu K-A, er al. The effect of
emphysema on survival in patients with idiopathic
pulmonary fibrosis: a retrospective study in
Taiwan. ¥ Chin Med Assoc 2019; 82: 922-928.

Alsumrain M, De Giacomi F, Nasim F, ez al.
Combined pulmonary fibrosis and emphysema
as a clinicoradiologic entity: characterization
of presenting lung fibrosis and implications for
survival. Respir Med 2019; 146: 106-112.

Wong AW, Liang J, Cottin V, er al. Diagnostic
features in Combined Pulmonary Fibrosis and
Emphysema (CPFE): a systematic review. Ann
Am Thorac Soc 2020; 17: 1333-1336.

Raghu G, Collard HR, Egan JJ, er al. An official
ATS/ERS/JRS/ALAT statement: idiopathic
pulmonary fibrosis: evidence-based guidelines for
diagnosis and management. Am ¥ Respir Crit Care
Med 2011; 183: 788-824.

Liberati A, Altman DG, Tetzlaff ], ez al. The
PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate
health care interventions: explanation and
elaboration. PLoS Med 2009; 6: €e1000100.

Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur ¥
Epidemiol 2010; 25: 603-605.

Borenstein M, Hedges LV, Higgins JPT, et al.
Fixed-effect model. In: Sharples K, Woodward
G, Barclay S, er al. (eds) Introduction to meta-
analysis. Hoboken, NJ: John Wiley & Sons, Ltd,
2009, pp.63—-67.

Lau J, Antman EM, Jimenez-Silva ], et al.
Cumulative meta-analysis of therapeutic trials for
myocardial infarction. N Engl ¥ Med 1992; 327:
248-254.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Duval S and Tweedie R. Trim and fill: a simple
funnel-plot-based method of testing and adjusting
for publication bias in meta-analysis. Biomerrics
2000; 56: 455-463.

Begg CB and Mazumdar M. Operating
characteristics of a rank correlation test for
publication bias. Biometrics 1994; 50: 1088-1101.

Egger M, Davey Smith G, Schneider M, er al.
Bias in meta-analysis detected by a simple,
graphical test. BM¥ 1997; 315: 629-634.

Li C, Wu W, Chen N, et al. Clinical
characteristics and outcomes of lung cancer
patients with combined pulmonary fibrosis and
emphysema: a systematic review and meta-
analysis of 13 studies. ¥ Thorac Dis 2017; 9:
5322-5334.

Koo HJ, Do KH, Lee ]B, et al. Lung cancer in
combined pulmonary fibrosis and emphysema: a
systematic review and meta-analysis. PLoS One
2016; 11: e0161437.

Lee G, Kim KU, Lee JW, ez al. Serial changes

and prognostic implications of CT findings in
combined pulmonary fibrosis and emphysema:
comparison with fibrotic idiopathic interstitial
pneumonias alone. Acta Radiol 2017; 58: 550-557.

Sato S, Tanino Y, Misa K, ez al. Identification
of clinical phenotypes in idiopathic interstitial
pneumonia with pulmonary emphysema. Intern
Med 20165 55: 1529-1535.

Wilson DO, Weissfeld JL, Balkan A, ez al.
Association of radiographic emphysema and
airflow obstruction with lung cancer. Am ¥ Respir
Crit Care Med 2008; 178: 738-744.

Barreiro E, Bustamante V, Curull V, er al.
Relationships between chronic obstructive
pulmonary disease and lung cancer: biological
insights. ¥ Thorac Dis 2016; 8: E1122-E1135.

Hanaoka M, Ito M, Droma Y, e al. Comparison
of gene expression profiling between lung fibrotic
and emphysematous tissues sampled from
patients with combined pulmonary fibrosis and
emphysema. Fibrogenesis Tissue Repair 2012; 5: 17.

Dawod YT, Cook NE, Graham WB, ez al.
Smoking-associated interstitial lung disease:
update and review. Expert Rev Respir Med 2020;
14: 825-834.

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar



