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Does chronic obstructive pulmonary disease
relate to poor prognosis in patients with lung
cancer?
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Abstract \
Background: Nowadays, there is growing recognition that chronic obstructive puimonary disease (COPD) may have influence on |
lung cancer. However, coexisted COPD related to prognosis of lung cancer is still elusive. We conducted this meta-analysis to
examine the association between COPD and 5-year overall survival (OS) and postoperative pulmonary complications of patients with
lung cancer.

Methods: A comprehensive computer-based online search was conducted using PubMed, Embase, Medline, and the Cochrane
Library for articles published before September 30, 2017. We identified 29 eligible studies, which included 70,111 patients in the
related literature.

Results: Twenty-two of the 29 studies provided hazard ratio for OS (1.18, 95% confidence interval: 1.11-1.25; P <.001), it
suggested that the presence of COPD indicated poor survival for the patients with lung cancer. In subgroup analysis, the relationship
between COPD and OS occurrence remained statistically prominent in the subgroups stratified by study designs, COPD diagnosis
timing, lung cancer surgery, cancer stage, and origins of patients. The presence of COPD increased the risk of bronchopleural fistula,
pneumonia, prolonged air leakage, and prolonged mechanical ventilation.

Conclusions: The present meta-analysis suggested that coexisting COPD is associated with poor survival outcomes in patients
with lung cancer and higher rates of postoperative pulmonary complications.

Abbreviations: BPF = bronchopleural fistula, Cl = confidence interval, COPD = chronic obstructive pulmonary disease, HR =
hazard ratio, IL-17C= interleukin-17C, MEF2D= myocyte enhancer factor 2D, NOS = Newcastle—Ottawa scale, OR = odds ratio, OS

= overall survival.
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1. Introduction

Lung cancer accounts for 12% of all cancers diagnosed
worldwide, and becomes the most common malignancy. There
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are approximately over 1 million people died of lung cancer each
year.'! Despite the advances in diagnosis and mechanistic
understanding of the pathophysiology of lung cancer, there has
been little improvement in 5-year survival rates.3! Furthermore,
50% to 70% of patients diagnosed with lung cancer have
evidence of chronic obstructive pulmonary disease (COPD).[*!
COPD is a chronic inflammatory disease featured by progressive
destruction of lung tissues and airway obstruction. It is the most
common pulmonary comorbidities and the third leading cause of
death globally.®! The recent studies found that the presence of
COPD increased the risk of lung cancer and patients with
coexistence of COPD were more susceptible to lung cancer.!®” In
addition, pulmonary complications after lung cancer surgery are
the major causes of morbidity for patients with COPD.!®!

Smoking habits could explain the association between COPD
and lung cancer. The studies have found that COPD is an
independent risk factor for lung cancer.>®! Recent studies have
explored the clinical features and prognoses of patients with lung
cancer, and the results suggested that COPD could induce the poor
prognosis of lung cancer. However, the details of the relationship
between COPD and prognosis of lung cancer are still elusive.

In the present study, we performed a meta-analysis to assess the
impact of COPD on the overall survival (OS) of lung cancer
patients and determine the incidence of various types of
postoperative complications in these patients undergoing cura-
tive surgery in the presence or absence of COPD. The
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understanding of the relationship between COPD and prognosis
of lung cancer will help physicians to develop the proper
treatment of the lung cancer.

2. Materials and methods

2.1. Ethics statement

As all analyses were based on previously published studies, no
ethical approval or patient consent was required.

2.2. Search strategy

A comprehensive literature search on the retrieved publications
(the last search was done on September 30, 2017) was performed
independently by 2 authors (Lin and Lu) associated with this
current study. No language limitation was imposed during the
retrieval. The primary sources for the literature search were the
following electronic databases: PubMed, Embase, Medline, and
the Cochrane Library. The search was limited by using the
following search terms: (COPD OR chronic obstructive pulmo-
nary disease) AND (lung OR pulmonary) AND (cancer OR
neoplasms OR carcinoma OR tumor) AND (prognosis OR
prognostic OR outcome OR survival). The title and abstract of
each identified study were scanned to exclude any irrelevant
publications. The remaining articles were reviewed to determine
whether they contained information on the topic of interest. We
also supplemented this search by examining the reference lists of
all of the retrieved publications and by identifying additional
relevant articles.
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2.3. Eligibility criteria

We formulated the following inclusion and exclusion criteria to
determine the eligible studies included in our meta-analysis.
Inclusion criteria:

(1) studies compared patients with lung cancer with and without
COPD;

(2) lung cancer was the study’s primary disease;

(3) the target outcomes were survival related and (or) postoper-
ative pulmonary complications rate;

(4) the hazard ratio (HR) or odds ratio (OR) with corresponding
95% confidence interval (CI) was validly reported in original
literature or generated by sufficient data;

(5) studies where the total number of enrolled patients, as well as
those with COPD, were both reported.

Exclusion criteria:

(1) studies had no control patients;
(2) studies reported postsurgical or in-hospital mortality only.

Letters, comments, review articles, conference proceedings,
case-reports, and unpublished data were excluded. We included
more recent articles with the largest sample sizes to avoid
overlapping patient data in duplicate publications.

2.4. Data extraction

Data from the included studies were extracted and summarized
independently by the 2 authors mentioned earlier (Lin and Lu).
The extracted data primarily included (Table 1): first author,

Characteristics of included studies in the meta-analysis.

No. of samples

Authors, yr Country Study design COPD Total Stage LC surgery COPD diagnosis timing NOS
Algar et al (2001)!"? Spain Retrospective 127 242 I-II Yes NR 8
Kurishima et al (2001)"% Japan Retrospective 73 966 NR No After the diagnosis of LC 9
Sekine et al (2002)"4 United States Retrospective 78 244 -V Yes After the diagnosis of LC 7
Tammemagi et al (2003)1"%! United States Retrospective 330 1155 NR No After the diagnosis of LC 8
Lopez-Encuentra et al (2005)"® Spain Prospective 1370 2928 -V Yes After the diagnosis of LC 8
Birim et al (2006)""! Netherlands Retrospective 464 766 -V Yes After the diagnosis of LC 8
Dy et al (2006)"® United States Prospective 1276 4207 NR No Before the diagnosis of LC 8
Yena et al (2006)"% France Retrospective 125 725 NR Yes NR 9
Sekine et al (2007)2% Japan Retrospective 80 442 | Yes NR 7
van de Schans et al (2007)2" Netherlands Prospective 695 2679 -V No Before the diagnosis of LC 8
Arca et al (2009)?2 Spain Retrospective 396 996 -V No Before the diagnosis of LC 8
Panagopoulos et al (2009)%% Greece Retrospective 28 221 -V Yes NR 8
Kiri et al (2010)24 United Kingdom Retrospective 1260 18077 NR No After the diagnosis of LC 7
Lindner et al (2010)%° Germany Retrospective 103 243 -V Yes NR 8
Gullon et al (20118 Spain Prospective 164 353 -V No Before the diagnosis of LC 8
Kondo et al (2011)7! Japan Retrospective 157 531 -V Yes After the diagnosis of LC 8
Mina et al (2012)8 United States Retrospective 9 114 NR No After the diagnosis of LC 8
Hu et al (2013)% China Retrospective 240 684 -l Yes NR 8
Sekine et al (2013)") Japan Retrospective 363 1461 |-V Yes After the diagnosis of LC 7
Wang et al (2013)E” United States Retrospective 173 722 Il No Before the diagnosis of LC 8
Kuo et al (2014)°" China Retrospective 59 181 | Yes NR 9
Lee et al (2014)°%2 South Korea Retrospective 111 221 -V No After the diagnosis of LC 8
Zhai et al (2014)% United States Retrospective 330 902 I Yes After the diagnosis of LC 9
Huang et al (2015)%4 China Prospective 1612 5406 -V No Before the diagnosis of LC 7
lachina et al (2015)°% Denmark Prospective 845 10378 Il No Before the diagnosis of LC 8
Yoshida et al (2015)E¢! Japan Retrospective 62 243 | Yes NR 8
Jian et al (2016)E" China Prospective 3189 14518 |-V No Before the diagnosis of LC 7
Ytterstad et al (2016)°% Norway Prospective 67 174 -V No After the diagnosis of LC 8
Takegahara et al (2017)F Japan Retrospective 108 332 NR Yes NR 9

COPD =chronic obstructive pulmonary disease, LC=Iung cancer, NOS =Newcastle-Ottawa scale, NR =not reported.
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publication year, country, study design, sample sizes included the
number of total patients and patients with COPD, cancer stage,
whether to be treated by lung cancer surgery and COPD
diagnosis timing. The target statistical data were 5-year OS and
(or) postsurgical resection pulmonary complications rate in
COPD group and non-COPD group, respectively.

2.5. Assessment of study quality

The quality assessment of studies included in this article was
undertaken by authors Lin and Lu. Newcastle—-Ottawa scale
(NOS) was employed to assist with the above-mentioned quality
assessment.!"%! Three perspectives including selection, compara-
bility, and exposure were considered for a semiquantitative
estimation. The “star system” with a maximum of 9 stars was
used as the assessment tool. After grading all of the included
studies, we regarded 8 to 9 stars as good quality; 6 to 7 stars as
medium quality; and lower than 6 stars as poor quality.

2.6. Statistical analysis

We finally applied HR with 95% CI as the appropriate
summarized statistics of the primary endpoint, OS. OR with
95% CI served as the summarized statistics for the association
between COPD and risk of pulmonary complications. Remark-
ably, for OS, an HR >1 indicated the poorer survival for the
COPD group. Meanwhile, a significant relationship between
COPD and increased pulmonary complications risk could be
proved when the pooled OR >1.

2.7. Heterogeneity, publication bias, and sensitivity test

Heterogeneity across studies was tested by using I* statistic,
which is a quantitative measure of inconsistency, with the
suggested thresholds of 25% to 50% for low, 50% to 70% for
moderate and >75% for high heterogeneity, respectively. If the I*
statistic was >50%, a random-effects model (DerSimonian and
Laird) was used. Otherwise, fixed-effects models (inverse-
variance method) were employed. Pooled effects were calculated
and the P-values less than .05 were considered as statistically
significant.!'!]

For additional analysis, we performed a sensitivity analysis
to further evaluate the stability of the summarized estimates.
We removed the study which was identified to be associated
with the increased heterogeneity and repeated a meta-analysis
of the remaining studies for adjustments. The robustness of our
meta-analysis would be confirmed if no substantial variation
was identified between the adjusted estimates and primary
estimates.!" )

Funnel plots, Egger and Begg tests,'?! and the Duval and
Tweedie!’®! “trim and fill” method were used for the evaluation
of publication bias.

The present study employed Stata 12.0 software (StataCorp,
College Station, Texas) to perform the aggregate data
meta-analyses and evaluate the heterogeneity of the included
studies.

3. Results

3.1. Study selection

Figure 1 summarizes the details of the electronic databases
searching results. In brief, a total of 7433 studies were retrieved,
1350 (18.2%) studies were removed as duplicates. After title and
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abstract evaluation, 55 (0.74%) remained for the full-text
review. Of these, 26 (0.35 %) studies were additionally excluded
for the following reasons: 6 (0.36%) were all COPD patients, no
control patients; 2 (0.027%) had no relation to lung cancer; 2
(0.027%) not mainly focused on COPD; 3 (0.040%) reported
lung cancer-specific survival only; 3 (0.040%) diagnosed COPD
unclearly; 4 (0.054%) reported insufficient data; 2 (0.027%)
from the same research team using the same database; 1
(0.013%) was case report; 1 (0.013%) was letter; 2 (0.027%)
were reviews. Thus, 29 (0.39%) studies!”!'**! (involving
70,111 patients) were deemed eligible after a comprehensive
literature search. Of these 29 studies, 3 articles™™®**! presented
data for both OS and postoperative pulmonary complications
rate, 19 articles!1517-20:23:24,26,28-30,32-37.39.400 o oved OS
only, 7 articles!!*21:2527:3138411 reported the postoperative
pulmonary complications rate only. Figure 1 shows the process
involved in the assessment of the studies and in accordance to the
process highlighted in the figure the studies were identified, those
of them that fulfilled the conditions detailed earlier were included
and those that did not were excluded.

3.2. The quality of included studies

We identified that the average NOS score of these studies was 8
(range, 7-9), suggesting a generally good quality level (Table 1).
The core “NOS” items and complete details are outlined in the
Appendix Table 1, http:/links.lww.com/MD/C876 (see Table,
Supplemental Digital Content 1, which illustrates the quality level
of studies included in this article).

3.3. Meta-analysis of the association between COPD and
lung cancer OS

Twenty-two of the 29 studies provided HR for OS.[15-20-22-

24,26,28-30,32-37,39.401 )y the basis of quantitative integrations of
eligible statistics from all the included studies, the pooled HR was
1.18 (95% CI: 1.11-1.25) with heterogeneity across studies (I*=
68.1%, P <.001), suggesting that COPD patients had increased
risk of poorer OS compared with the non-COPD counterparts
(P<.001) (Fig. 2).

3.4. Meta-analysis of the association between COPD and
postoperative pulmonary complications

Ten studies!™!%16:21:2225273138H] were included to assess the

association between COPD and risk of pulmonary complications, as
bronchopleural fistula (BPF), pneumonia, prolonged air leakage,
prolonged mechanical ventilation, and empyema in patients
undergoing lung cancer surgery. Eight studies!™!#+16:21:22:25.27.31]
reported a frequency of BPF; 51102238411 reported pneumonia;
316384 reported prolonged air leakage; 3'¢?% reported
prolonged mechanical ventilation; 3°2%3%! reported empyema.
According to the level of heterogeneity (BPF: I*=20.1%;
pneumonia: I*=0.0%; prolonged mechanical ventilation: I* =
2.9%; empyema: I>=0.0%), 4 studies (BPF group; pneumonia
group; prolonged mechanical ventilation group; empyema
group) used fixed-effects models, whereas the remaining 1
(prolonged air leakage: I* = 51.6 %) used a random-effects model.
For BPF, the overall OR was 1.84 (95% CI: 1.30-2.60;
P=.001; Fig. 3A), indicating that the incidence of BPF in patients
with lung cancer and COPD was higher than that in patients with
lung cancer who did not have COPD. For pneumonia, the overall
summarized OR was 3.62 (95% CI: 2.60-5.03; P<.001;
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Figure 1. Flow diagram of studies identified, included, and excluded.

Fig. 3B), that demonstrated COPD was significantly associated
with the risk of pneumonia after lung cancer surgery. COPD
could also significantly predispose to prolonged air leakage and
prolonged mechanical ventilation formation in patients under-
going lung cancer surgery, the pooled OR was 2.77 (95% CI:
1.30-5.90; P=.008; Fig. 3C) and 2.60 (95% CI: 1.52-4.43;
P<.001; Fig. 3D), respectively. However, the pooled OR for
empyema revealed that there was no significant difference in the
incidence of empyema between lung cancer with or without
COPD (1.45, 95% CI: 0.69-3.03; P=.330; Fig. 3E).

3.5. Subgroup analysis of the impacts of COPD on lung
cancer OS

To further evaluate the impact of COPD on lung cancer OS, we
classified all cases into 5 subgroups according to study designs,
COPD diagnosis timing, lung cancer surgery, cancer stage, and
origins of patients.

The results of subgroup analysis confirmed that the OS of lung
cancer in COPD group was worse (each group’s P value was less
than .03). In the subgroups stratified by study designs, 14 published
retrospective HR outcomes,[*>15717:19:22,24,26,29,30,32-35 The jnge-
grated HR of these 14 studies was 1.25 (95% CI: 1.19-1.31; =

9.6%, P <.001), indicating that COPD was significantly associat-
ed with poorer OS. The summarized estimates integrating
the clinical data of prospective studies from 8
articles!1$:20:23:2836.37.39.401 415 suggested that poorer OS in
patients with COPD (HR: 1.09, 95% CI: 1.03-1.14; [*=43.8%,
P=.001). For the timing of COPD diagnosis, 12 studies diagnosed
COPD after lung cancer diagnosis!>>!519:26:29:30:3435.401 (R,
1.24, 95% CI: 1.19-1.29; I*=0.0%, P <.001), 2 studies did not
report the diagnosis timing'*>**! (HR: 1.91, 95% CI: 1.35-2.70;
?=0.0%, P<.001), 8 studies diagnosed COPD diagnosis before
the time of lung cancer diagnosis?%->32+28:32:36.37.391 (HR: 1 10,
95% CI: 1.05-1.15; I*=47.1%, P<.001). Subgroup analyzed
according to other variables, such as the origins of patients, cancer
stage, and whether to be treated by lung cancer surgery,
unanimously indicated that COPD patients had increased risks
of the poorer OS compared with the non-COPD counterparts.
Their results are summarized in Table 2.

3.6. Sensitivity analysis of the impacts of COPD on lung
cancer OS

We evaluated the effect of each study on the pooled results by
excluding single study sequentially; the forest plot derived from
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Figure 2. Forest plots of the impacts of COPD on lung cancer overall survival. COPD =chronic obstructive pulmonary disease.

sensitivity analysis was shown in Figure 4. None of the individual
HR for OS statistics was out of the estimated ranges by visual
inspection, and no substantial variation interfere the primary
summarized HR was observed, indicating that the data were not
overly influenced by any studies. Therefore, the leave-one-out
approach and further adjustments of heterogeneity were no
longer necessary. The strong rationality and reliability of our
meta-analysis of the OS were thus confirmed.

3.7. Publication bias

Visual inspection of the funnel plot indicated certain asymmetry
for the association between COPD and lung cancer OS (Fig. 5A).
However, no evidence for significant publication bias was
detected by visually inspecting the symmetry of the funnel plot
conducted through the trim and fill method (7 studies trimmed;
Fig. 5B). Before adjustment, the HR=0.151 (95% CI: 0.089-
0.213; P<.001), and the adjusted value HR=0.110 (95% CI:
0.049-0.171; P<.001), suggesting that the change of the
summary results after trim and fill was not obvious. Furthermore,
the Begg and Egger test did not show significant evidence of
publication bias (Begg test, P=.756; Egger test, P=.105). We did
not examine the publication bias for the meta-analysis for the
association of COPD and postoperative pulmonary complica-

tions, due to insufficient studies available to render a valid
statistical test.

4. Discussion

The main results of our meta-analysis of 29 eligible studies
with 70,111 patients suggested that coexisting COPD is
associated with poor survival outcomes and higher rates of
postoperative pulmonary complications in patients with lung
cancer. To our knowledge, this is the latest meta-analysis focused
on the prognostic value of concomitant COPD on lung cancer
survival.

In addition, a subgroup analysis was performed to explore the
heterogeneity in 5 variables: study design, COPD diagnosis
timing, lung cancer surgery, origins of patients, and staging of
lung cancer. By grouping the studies according to the timing of
COPD diagnosis, we found the I* was lowered from 68.1% to
0.0%,47.1%,0.0% in 3 subgroups, respectively. With subgroup
analysis of the present study, the change of heterogeneity was also
significant. Therefore, the timing of COPD diagnosis and study
design may have accounted for the majority of heterogeneity.

Lung cancer and COPD share a common environmental risk
factor in cigarette smoke exposure. Interestingly, COPD which is
characterized by chronic inflammation of the lower airway is also
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Figure 3. Overall analysis for the association between COPD and risk of pulmonary complications in patients undergoing lung cancer surgery. (A) BPF; (B)
pneumonia; (C) prolonged air leakage; (D) prolonged mechanical ventilation; (E) empyema. BPF =bronchopleural fistula, COPD =chronic obstructive pulmonary

disease.

a major independent risk factor for lung carcinoma among the
long-term smokers. The evidence suggested that COPD related to
poor prognosis in patients with lung cancer was biologically
plausible. COPD is characterized by local (pulmonary) and
chronic systemic inflammation, which may result in repeating
injury and repair, stimulating cell turnover, potential genetic
errors, and ultimately inducing lung cancer.*>*! Increased
oxidative stress in COPD induced DNA damage and carcino-
genesis DNA repair capacity, which is associated with poorer
survival in patients with lung cancer.****! Furthermore, COPD is
associated with abnormal apoptosis, cell cycle regulation,**! and

epigenetic alterations,*”*¥! which is a critical mechanism
implicated in the prognosis of lung cancer.!*"!

The mechanism of the correlation between prognosis and the
immunologic status of the patients is also worth to be explored. A
new study®® reported that COPD was associated with an
increased risk of the lung cancer and an aberrant microbiota of
the lung. IL-17C mediated the recruitment of tumor-associated
neutrophils and lung tumor growth. In addition, Dr Zhu et al.°"
aimed at identifying candidate biomarker predicting lung cancer
risk among patients with chronic respiratory diseases. They
concluded that inflammatory conditions could lead to increased
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Meta-analysis of the association between COPD and lung cancer overall survival.

Groups of outcomes N HR with 95%CI P-value P
Overall 22 118 (1.11-1.25) <.001 68.1%
Study design Retrospective 14 1.25 (1.19-1.31) <.001 9.6%
Prospective 8 1.09 (1.03-1.14) .001 43.8%
COPD diagnosis timing After the diagnosis of LC 12 1.24 (1.19-1.29) <.001 0.0%
Before the diagnosis of LC 8 1.10 (1.05-1.15) <.001 47.1%
NR 2 1.91 (1.35-2.70) <.001 0.0%
LC surgery Yes 8 1.31 (1.16-1.49) <.001 45.8%
No 14 1.14 (1.08-1.20) <.001 60.4%
The origins of patients Asia 8 1.28 (1.08-1.52) .005 58.5%
United States 6 1.18 (1.11-1.25) <.001 0.0%
Europe 8 1.15 (1.06-1.25) .001 83.5%
Cancer stage Unreported 5 1.20 (1.14-1.25) <.001 0.0%
Mixed 13 1.12 (1.04-1.21) .002 64.3%
Early stage 4 1.42 (1.15-1.76) .001 61.4%

Cl=confidence interval, COPD = chronic obstructive pulmonary disease, HR =hazard ratio, LC=1Iung cancer, NR=not reported.

myocyte enhancer factor 2D (MEF2D) expression, and contrib-
ute to the development of lung cancer by influencing cancer
microenvironment and cell bio-behaviors. MEF2D might be a
potential biomarker to predict the risk of lung cancer among
patients with chronic respiratory diseases.

The present results suggested that the presence of COPD was
associated with poorer OS than for patients without by analyzing
29 eligible studies including 70,111 patients. The presence of

COPD also increased the risk of BPF, pneumonia, prolonged air
leakage, and prolonged mechanical ventilation.

However, we need to promote more analysis on the following
limitations. One was that unadjusted estimates and more
accurate results would come from adjustments for other
confounders such as cardiovascular comorbidity, smoking status
preresection and postresection, and the criteria for excluding
patients from resection. Another is that present study did not

Meta—analysis estimates, given named study is omitted
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Figure 4. Sensitivity analysis of the impacts of COPD on lung cancer overall survival. COPD = chronic obstructive puimonary disease.
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Figure 5. Publication bias for the association between COPD and lung cancer overall survival. (A) Funnel plot; (B) Funnel plot by using trim and fill method. COPD =

chronic obstructive pulmonary disease.

mention the different degrees of COPD severity for prognostic
value of lung cancer because of the scarcity of available data from
these literatures.

5. Conclusions

The results of our meta-analysis for the first time demonstrated
that coexisting COPD was related to the poor survival outcomes
and higher rates of postoperative pulmonary complications in
patients with lung cancer. Patients with lung cancer need special
attention when they are diagnosed with COPD. However, further
clinical trials are needed to verify and modify the relationship
between severity degree, the timing of COPD and prognosis of
lung cancer in the future.
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