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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).1 In 2005, CPFE was first 
defined as a distinct, unrecognized syndrome by 
Cottin et  al.,1 that does not resemble the 

physiological, radiological, and clinical features of 
a simple combination of emphysema and pulmo-
nary fibrosis.2,3 Many pulmonary vascular diseases 
or parenchymal lung diseases have been associ-
ated with CPFE; for example, pulmonary hyper-
tension4 and acute lung injury.5 It should be noted 
that, lung cancer, as a complication of idiopathic 
pulmonary fibrosis (IPF),6 is also a complication 
of CPFE patients with poor prognoses.7 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.7–10 The tendency for a CPFE patient to 
be a heavy smoker or to be older may contribute 
to this phenomenon,11 as it has been shown that 
cigarette smoking and old age are risk factors of 
lung cancer.12 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.13–17 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,15,18 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,19 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.,1 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.21 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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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 Newcastle-
Ottawa Quality Assessment Scale (NOS).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 I2 < 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.23 
The cumulative effects, based on publication year 
and sample size, were estimated using cumulative 
meta-analysis.24 We assessed publication bias by 
using funnel plots as a form of qualitative analy-
sis.25 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.26,27 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 

Table 1.  The main characteristics of the studies included in this meta-analysis.

References Country Lung cancer in 
CPFE/UIP group (%)

Lung cancer in 
IPF group (%)

Extent of 
emphysema

NOS score

Inomata et al.8 Japan 19/22 (86.4) 1/8 (12.5) Present 7

Kwak et al.13 Korea 12/48 (25.0) 5/48 (10.4) 10% 8

Sugino et al.15 Japan 5/46 (10.9) 4/64 (6.3) 10% 7

Tomassetti et al.16 Italy 12/62 (19.4) 11/119 (9.2) Present 7

Portillo et al.7 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.9 Japan 6/16 (37.5) 5/56 (8.9) Present 6

Ciftci et al.14 Turkey 6/77 (7.8) 1/33 (3.0) Present 7

Lai et al.17 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.
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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 (FEV1; % 
predicted), FEV1/FVC ratio, diffusing capacity for 
carbon monoxide (DLCO; % predicted), and 
DLCO/alveolar volume (VA) ratio (% predicted). 
We found that the CPFE patients with UIP had 

significantly lower FEV1/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 

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.8 Median age: 73.5 versus 
74.0 (p = 0.695)

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

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

Kwak et al.13 Age (mean ± SD): 
66.6 ± 6.8 versus 
73.6 ± 6.8 (p = 0.910)

All male patients Pack-years (mean ± SD): 
43.2 ± 15.1 versus 
21.2 ± 20.4 (p < 0.001)

Sugino et al.15 Age (mean ± SD): 
72.9 ± 6.7 versus 
73.6 ± 6.8 (p = 0.631)

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

Pack-years (mean ± SD): 
57.8 ± 34.4 versus 
32.4 ± 29.9 (p < 0.001)

Tomassetti et al.16 Not mentioned Not mentioned Not mentioned

Portillo et al.7 Age (mean ± SD): 71 ± 7 
versus 72 ± 10 (p = 0.649)

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

Pack-years (mean ± SD): 
57 ± 26 versus 19 ± 31 
(p < 0.001)

Lee and Kim10 Not mentioned More males (p = 0.001) in 
CPFE/UIP group

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

Ikezoe et al.9 Not mentioned Not mentioned Not mentioned

Ciftci et al.14 Age (mean ± SD): 
66.94 ± 9.99 versus 
66.97 ± 10.21 (p = 0.909)

Female/male: 20/57 
versus 24/9 (p < 0.001)

Pack-years (mean ± SD): 
33.64 ± 22.89 versus 
8.79 ± 11.50 (p < 0.001)

Lai et al.17 Median age 80.0 versus 
79.5 (p = 0.730)

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

Not mentioned

CPFE, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; SD, standard deviation; UIP, 
usual interstitial pneumonia.
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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 

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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Figure 2.  Overall meta-analysis of lung cancer risk in patients with CPFE/UIP and IPF alone.

Figure 3.  Subgroup meta-analysis of the selected studies based on different thresholds of emphysema extent 
used for CPFE definition.
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Figure 4.  Subgroup meta-analysis based on different regions of the included studies.

Figure 5.  Cumulative meta-analysis of the included studies based on publication year. The OR (95%CI) values 
on the figures means the overall OR (95%CI) calculated by the studies on the same row and all the rows above.
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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.19 
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 

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%CI) calculated by the studies on the same row and all the rows above.

Figure 7.  Evaluation of publication bias by Funnel plot.
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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,30,31 who were susceptible to lung cancer, 
especially squamous cell carcinoma.12 In addi-
tion, squamous cell carcinoma was reported to be 
the most frequent histological subtype of lung 
cancer in CPFE patients.28 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,34 
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.19 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%),35 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 et al.1 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.

Figure 8.  Evaluation of publication bias by Begg’s Test.

Figure 9.  Evaluation of publication bias by Egger’s Test.
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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.
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