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Background

There is growing evidence that chronic obstructive pulmonary disease (COPD) can increase the risk of lung cancer, which poses a serious threat to treatment and management. Therefore, we performed a meta-analysis of lung cancer prevalence in patients with COPD with the aim of providing better prevention and management strategies.



Methods

We systematically searched PubMed, EMBASE, Web of Science, and Cochrane Library databases from their inception to 20 March 2022 to collect studies on the prevalence of lung cancer in patients with COPD. We evaluated the methodological quality of the included studies using the tool for assessing the risk of bias in prevalence studies. Meta-analysis was used to determine the prevalence and risk factors for lung cancer in COPD. Subgroup and sensitivity analyses were conducted to explore the data heterogeneity. Funnel plots combined with Egger’s test were used to detect the publication biases.



Results

Thirty-one studies, covering 829,490 individuals, were included to investigate the prevalence of lung cancer in patients with COPD. Pooled analysis demonstrated that the prevalence of lung cancer in patients with COPD was 5.08% (95% confidence interval [CI]: 4.17–6.00%). Subgroup analysis showed that the prevalence was 5.09% (95% CI: 3.48–6.70%) in male and 2.52% (95% CI: 1.57–4.05%) in female. The prevalence of lung cancer in patients with COPD who were current and former smokers was as high as 8.98% (95% CI: 4.61–13.35%) and 3.42% (95% CI: 1.51–5.32%); the incidence rates in patients with moderate and severe COPD were 6.67% (95% CI: 3.20–10.14%) and 5.57% (95% CI: 1.89–16.39%), respectively, which were higher than the 3.89% (95% CI: 2.14–7.06%) estimated in patients with mild COPD. Among the types of lung cancer, adenocarcinoma and squamous cell carcinoma were the most common, with incidence rates of 1.59% (95% CI: 0.23–2.94%) and 1.35% (95% CI: 0.57–3.23%), respectively. There were also differences in regional distribution, with the highest prevalence in the Western Pacific region at 7.78% (95% CI: 5.06–10.5%), followed by the Americas at 3.25% (95% CI: 0.88–5.61%) and Europe at 3.21% (95% CI: 2.36–4.06%).



Conclusions

This meta-analysis shows that patients with COPD have a higher risk of developing lung cancer than those without COPD. More attention should be given to this result in order to reduce the risk of lung cancer in these patients with appropriate management and prevention. 



Systematic review registration

International prospective register of systematic reviews, identifier CRD42022331872.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common respiratory disease characterized by persistent respiratory symptoms and airflow restriction, with a high risk of morbidity, disability rate, mortality, and heavy disease burden, which seriously impacts human health (1, 2). The prevalence of COPD has increased by 44.2% and reached 174.5 million individuals worldwide from 1990 to 2015 (3), although it remains so far underestimated (4). More than 5.4 million people will die from COPD and related diseases each year by 2060, according to predictions made by the World Health Organization (WHO) (5). As the third leading cause of death worldwide (6, 7), COPD has caused serious economic burden and social pressure and has become a major public health problem (8, 9). The cost of treating COPD is expected to be $800.09 billion in the next 20 years, which is approximately $40 billion per year in the United States (10). Patients with COPD are at a high risk of multiple comorbidities, which have a significant impact on disease progression, hospitalization, and mortality (11–13). As reported by the National Lung Screening Trial, the incidence of lung cancer in patients with airway obstruction has increased by 2.15 times (14), and lung cancer is a critical cause of hospitalization and death in patients with COPD (15). Therefore, it is necessary to emphasize the importance of prevention and treatment of lung cancer in patients with COPD.

Lung cancer is one of the malignant tumors with the highest morbidity and mortality worldwide, especially in male patients, and has a devastating impact on the life expectancy (16). The number of individuals newly diagnosed with lung cancer was up to 2.2 million (11.4%) as reported by Global Cancer Statistics in 2020, and the number of patients with lung cancer that died in the world that year was approximately 1.8 million (18.0%) (16). The onset of lung cancer is insidious, and 75% of patients have reached an advanced stage when visiting a doctor (17). Related studies have shown that the 5-year survival rate of patients with advanced lung cancer is less than 5% (18). Importantly, it has been reported that 45–63% of patients with lung cancer are globally affected by COPD (19). As two major respiratory diseases with the highest mortality, patients with COPD seem to have a higher incidence of lung cancer than patients without COPD (20, 21).

Although previous studies have found that COPD increases the risk of lung cancer, no unified conclusions have been reached owning to the differences in survey periods, sample demographic characteristics, and types of included studies. Currently, there is still no specific epidemiological conclusion concerning an evaluation of the risk of lung cancer in patients with COPD, according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines. In addition, several high-quality observational studies (22–29) investigating the risk of lung cancer in patients with COPD have recently been published. Therefore, we systematically collected data from existing observational population-based studies to determine whether patients with COPD have an increased risk of lung cancer.



Methods

This study was performed in strict accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) (30). The protocol of this systematic review was registered in the Prospective Register of Systematic Reviews (PROSPERO), and the registry number is CRD42022331872.


Search strategy

We systematically searched the PubMed, EMBASE, Web of Science, and Cochrane Library databases without language restrictions from their inception to 20 March 2022. Medical Subject Headings (MESH) terms and keywords used in the search were (“Pulmonary Disease, Chronic Obstructive” OR “Chronic Obstructive Pulmonary Disease*” OR “Chronic Airflow Obstruction*” OR “Chronic Obstructive lung Disease” OR “COPD” OR “COAD” OR “Chronic Obstructive Airway Disease”) AND (“lung neoplasm*” OR “pulmonary neoplasm*” OR “lung cancer” OR “pulmonary cancer” OR “lung tumor” OR “pulmonary tumor” OR “lung carcinoma”). Detailed retrieval strategies and steps are presented in Supplement Table 1. Furthermore, the reference lists of the retrieved articles and relevant reviews were also manually examined to identify other potentially eligible studies.



Eligibility criteria

Articles were included if they met the following criteria: (1) observational studies that reported on the prevalence of lung cancer in patients with COPD; (2) the exposed group consisted of patients with any grade of COPD, and the control group consisted of patients without COPD; (3) the prevalence of lung cancer was chosen as the primary outcome.



Exclusion criteria

(1) Conference abstracts or study protocols; (2) duplicate published studies based on the same observation population; and (3) containing data with errors and patients diagnosed with non-COPD upon our failure to extract information.



Study selection

The study selection was conducted independently by two reviewers (GX Zhao and XL Li) to screen suitable articles. Duplicate and irrelevant studies were excluded based on their titles and abstracts. Thereafter, the full text of each potentially eligible study was carefully read and reviewed based on the inclusion and exclusion criteria stated above. Any disagreements were resolved by consultation with a third investigator (JS Li) until consensus was reached.



Data extraction

Two reviewers (GX Zhao and SY Lei) independently followed the data extraction guidelines for systematic evaluation and meta-analysis (31), using predesigned forms to extract and summarize the relevant information of the eligible studies. The following information was extracted: Author, year of publication, study type, country, study period or year of follow-up, sample size, lung cancer diagnosis, sex distribution, mean or median age, COPD severity, smoking status, lung cancer type, and confounder adjustment. Any disagreements were resolved with a third investigator (HL Zhang) through consultation until a consensus was reached.



Assessment of risk of bias

We used the disease prevalence quality tool modified by Hoy et al. (32) to assess the quality of the included studies, which consisted of 10 items. The score of each item was 1 or 0, and the total scores of each observational study was between 0 and 10, with higher scores indicating better study quality. Study quality was defined according to the total score of each study, with scores of 0–5, 6–8, and 9–10 for low, moderate, and high quality, respectively.



Statistical analysis

Data were extracted from the included studies to calculate the prevalence of lung cancer in patients with COPD. We performed a meta-analysis using the double arcsine transformation of proportions, which is appropriate for binomial data and allows the adoption of inverse variance methods to calculate binomial and test score-based CIs (33). The chi-square test and I2 value were used to assess the heterogeneity. A high heterogeneity was existed if P < 0.1 or I2 > 50%, and the random-effects model was adopted. Subgroup analysis was conducted to determine whether the prevalence was influenced by sex, smoking status, COPD severity, cancer type, and region. Otherwise, a fixed-effects model was selected. To confirm the robustness of the overall results, we performed a sensitivity analysis by excluding one study each time and then re-running it. Funnel plots was used to visually detect publication bias, and Egger’s regression test was used to statistically inspect publication bias. We pooled OR and 95% CIs to assess whether sex, COPD severity, and smoking status were risk factors for lung cancer in patients with COPD. All statistical analyses were conducted by using Stata statistical software version 15.1.




Results


Identification of studies

A total of 8,254 related studies were retrieved through electronic and manual searching from the initial examination, of which 1,681 duplicates, 6,573 unrelated studies were excluded after reading titles and abstracts. After screening qualified articles by reading the full text, 31 (13, 22–26, 34–55) studies were included in the meta-analysis. The study selection process is shown in (Figure 1).




Figure 1 | Flowchart of study identification for meta-analysis.





Study characteristics

Overall, we included 31studies covering 829,490 patients with COPD, including twenty-one (13, 22–26, 34–48) cohort studies, three (27, 49, 50) case-control studies and seven (28, 29, 51–55) cross-sectional studies. These studies were published from 2003 to 2022 with definite diagnostic criteria, and the sample sizes ranged from 198 to 236,494. Data were acquired from 13 countries: China, Korea, Japan, the United States, the United Kingdom, Germany, Denmark, Norway, Spain, Lithuania, Sweden, Turkey, and the Netherlands. Fifteen, twelve, and two studies were conducted in the European region, Western Pacific region, and Americas, respectively. Besides, two studies (13, 41) included both the United States and Spain, simultaneously. The main characteristics of the included trials are summarized in Table 1.


Table 1 | Basic characteristics of the included studies.





Quality assessment

We evaluated the quality of the included studies, and the average score of the included cohort studies, case-control studies, and cross-sectional studies were 7.90, 8.33, and 8.43, respectively, which suggested that the studies included in our meta-analysis were of high quality. Ten cohort studies (22, 23, 25, 34, 36, 41, 43-45, 48), two case-control studies (49, 50) and five cross-sectional studies (28, 37, 51, 53, 54) with scores ≥ 9 were classified as high-quality studies, and the remaining observational studies were of moderate quality. The specific score information for all included observational studies is shown in Table 2.


Table 2 | Risk of bias for included studies.





Prevalence of lung cancer in COPD patients

Thirty-one observational studies reported that the prevalence of lung cancer among patients with COPD ranged from 0.49% to 21.7%, and the overall estimated prevalence was 5.08% (95% CI: 4.17–6.00%; I2 = 99.8%, P = 0.000). Of these studies, the estimated pooled prevalence of 21 cohort studies, three case-control studies, and seven cross-sectional studies were 4.58% (95% CI: 3.27–5.89%; I2 = 99.9%, P = 0.000), 8.67% (95% CI: 4.00–13.35%; I2 = 99.9%, P = 0.000), and 5.72% (95% CI: 4.02–7.41%; I2 = 98.9%, P = 0.000), respectively, as shown in Figure 2. Sensitivity analysis proved that the estimated pooled prevalence was still ≥ 4% after excluding one study at a time, which confirmed the high stability of our results in Table 3.




Figure 2 | Forest plot showing the prevalence of lung cancer in COPD.




Table 3 | Sensitivity analysis showing the effect of lung cancer in COPD.





Subgroup analysis

In terms of sex, nine studies (22, 26, 39, 41, 44, 48, 49, 54, 54) investigated the prevalence of lung cancer in male patients with COPD, covering 62,627 individuals, with a prevalence ranging from 1.54% to 8.89%, and the estimated pooled prevalence was 5.09% (95% CI: 3.48–6.70%; I2 = 98.8%, P = 0.000). Eight (22, 26, 41, 44, 48, 49, 53, 54) studies illustrated that the prevalence of lung cancer in female patients with COPD was 2.52% (95% CI: 1.57–4.05%; I2 = 99.9%, P = 0.000) (Table 4).


Table 4 | Subgroup analysis of the prevalence of lung cancer in COPD.



Six studies comprehensively described the influence of smoking status on the prevalence of lung cancer in patients with COPD. Of these studies, the prevalence of lung cancer was estimated in current smokers in five (23, 26, 39, 42, 48), in former smokers in four (23, 25, 39, 48), and in never smokers in four (23, 25, 39, 48). The estimated prevalence according to the smoking status was 8.98% (95% CI: 4.61–13.35%; I2 = 98.4%, P = 0.000), 3.42% (95% CI: 1.51–5.32%; I2 = 97.6%, P = 0.000), and 0.68% (95% CI: 0.10–4.65%; I2 = 100%, P = 0.000), respectively (Table 4).

Regarding the severity of COPD, six studies (26, 39, 40, 42, 48, 54) provided comprehensive information on the incidence of COPD combined with lung cancer at different stages. Among them, six (26, 39, 40, 42, 48, 54), three (26, 40, 42), and two (26, 42) studies reported lung cancer prevalence in patients with mild, moderate, and severe COPD, respectively, with a pooled prevalence of 3.89% (95% CI: 2.14–7.06%; I2 = 99.4%, P = 0.000), 6.67% (95% CI: 3.20–10.14%; I2 = 87%, P = 0.000), and 5.57% (95% CI: 1.89–16.39%; I2 = 94.7%, P = 0.000), respectively (Table 4).

With respect to the histological subtype of lung cancer, three studies (27, 38, 39) described specific categories and the overall pooled prevalence of small cell lung cancer, adenocarcinoma, and squamous cell carcinoma in patients with COPD was 0.78% (95% CI: 0.34–1.77%; I2 = 99.7%, P = 0.000), 1.59% (95% CI: 0.23–2.94%; I2 = 90.9%, P = 0.022) and 1.35% (95% CI: 0.57–3.23%; I2 = 99.7%, P = 0.000), respectively (Table 4).

The prevalence of lung cancer among patients with COPD in different regions is of great significance. Fifteen (22, 24, 28, 29, 34, 36, 38, 39, 41, 43, 46, 47, 49, 50, 52) studies reported lung cancer prevalence in patients with COPD in the European region, ranging from 1.07% to 7.23%, with an estimated prevalence of 3.21% (95% CI: 2.36–4.06%; I2 = 99.6%, P = 0.000). In addition, 12 (23, 25–27, 35, 37, 44, 45, 51, 53–55) and two (40, 48) studies reported that the prevalence of lung cancer in patients with COPD in the Western Pacific and the Americas region, with a pooled prevalence of 7.78% (95% CI: 5.06–10.5%; I2 = 99.9%, P = 0.000) and 3.25% (95% CI: 0.88–5.61%; I2 = 94.4%, P = 0.007), respectively (Table 4).



Publication bias

The funnel plot exhibited visual asymmetry, whereas Egger’s test regression values (P = 0.052) indicated that the difference was insignificant in Figure 3. Regression tests indicated no publication bias in this meta-analysis.




Figure 3 | Funnel plot showing the effect of lung cancer in COPD.





Risk factors for lung cancer in COPD

Four studies (24, 44, 48, 53) reported the sex of patients with COPD and lung cancer, and the pooled OR suggested that sex was not a risk factor for lung cancer in COPD. Smoking status was examined in six studies (24–26, 39, 48, 49), and the analysis results indicated that smoking status of any type did increase the risk of lung cancer, with current smokers showing a higher risk (P ≤ 0.05). Five studies (24, 26, 40, 42, 48) focused on the COPD severity as a risk factor for lung cancer, and the results (pooled OR) showed that the risk was statistically significant in patients with mild and moderate COPD (Table 5).


Table 5 | Analysis of the risk factors of lung cancer in COPD.






Discussion

Our review synthesized the current evidence on the prevalence of lung cancer in COPD in 31 populational-based studies covering 829,490 individuals with COPD to show a pooled prevalence of 5.08%, which indicated that lung cancer was an important comorbidity in patients with COPD. Our comprehensive review found that COPD was associated with an increased risk of lung cancer, which is consistent with the findings of previous studies (56, 57). A meta-analysis of a cohort study performed by Zhang et al. (56) showed that the prevalence of lung cancer in patients with COPD was 2.06%, and its subgroup analysis also revealed that locations and COPD severity played a role in increasing the risk of lung cancer. However, their results showed a lower prevalence than ours, which may be attributed to the fact that five (58–62) studies of lung cancer mortality in patients with COPD were included in their analysis, which may have affected the accuracy of the conclusion, particularly underestimating the prevalence of lung cancer in patients with COPD. A population-based review reported that patients with COPD were 6.35 times more likely to have lung cancer than those without COPD, and the pooled prevalence of lung cancer in patients with COPD was 2.79%, which was somewhat different from our results (57). The reason may be related to the different search databases, inclusion and exclusion criteria, and sample size. Unfortunately, their study did not include subgroup analysis or sensitivity analyses, which were adopted in ours to explore the sources of heterogenicity and to confirm that the results had a reliable stability. Furthermore, we pooled the analyses on the risk factors of lung cancer in COPD in order to provide stronger evidence for the relationship between COPD and lung cancer, with the aim of improved prevention and disease management.

The prevalence in male was evidently higher than that in female patients, which is different from the study of Zhang et al. (56). The reason may be that the pooled analysis of a previous systematic review included two studies on lung cancer mortality in COPD, which strikingly affected the analysis results. Also, compared with former smokers, the prevalence of current smokers clearly increased, whereas never smokers with COPD had an exceedingly low risk of lung cancer, indicating that to quit smoking was necessary in patients with COPD. The prevalence was closely related to the severity of COPD (63, 64), and the increased lung cancer risk was 20% when FEV1% predicted was decreased by 10% (65). However, our analysis of patients with very severe COPD showed that the prevalence of lung cancer was statistically insignificant, which was mainly attributed to insufficient sample size and demographics discrepancy. The histological subtype showed that adenocarcinoma was the most common cancer in patients with COPD, followed by squamous cell carcinoma, whereas the probability of small-cell occurrence was lower, which was consistent with a previous study (66). The prevalence of lung cancer in COPD was higher in the Western Pacific region than in the European and the Americas regions, which showed similar prevalence. These differences may owe to the relatively backward economic development as well as different aging population and medical conditions in the Western Pacific region.

Understanding the risk factors of lung cancer in patients with COPD can facilitate early prevention and management, thereby reducing the risk of lung cancer. Our result proved that sex should not be interpreted as a risk factor for lung cancer in patients with COPD, which may be associated with increasing female smoking, passive smoking, and indoor air pollutants such as the use of biomass fuel, cooking fumes, as well as poor ventilation systems (67, 68). As in other recent epidemiologic studies (25, 69, 70), the most common risk factor in our study was current smoking, followed by former smoking, and never smoking, which further verifies the harmful effects of tobacco. Also, COPD severity was a common risk factor for lung cancer. In this regard, mild and moderate COPD were statistically significant, which was principally attributed to different demographic characteristics, investigation period, study site, data extraction and processing methods.

The underlying mechanisms of lung cancer predisposition in patients could be deduced and explained based on the characteristics of COPD. First, the inflammatory microenvironment occurring in COPD may increase the probability of DNA damage and mutations (71, 72). Second, some susceptible genes related to COPD can affect the immune microenvironment of the lung by changing their expression pattern in various immune cells, which may lead in turn to the occurrence of lung cancer in COPD (73–75). Third, matrix metalloproteinases not only affect the progression of COPD but also degrade elastic fibers and may thus contribute to the progression and invasion of lung cancer (76, 77). Fourth, tissue hypoxia caused by obstruction of small airways and alveolar capillaries activates hypoxia-inducible factor 1, which can cause tumorigenesis, angiogenesis, and cell multiplication, and therefore accompany a metastatic phenotype (78). In summary, the pathological mechanism of lung cancer in COPD is complex and is related to genetic susceptibility, environmental factors, epithelial-mesenchymal transformation, endothelial-mesenchymal transformation, and extracellular matrix components and functions.

To the best of our knowledge, this systematic review is the largest and most comprehensive of its kind on lung cancer prevalence in patients with COPD. Subgroup and sensitivity analyses were performed to confirm the stability of results. In addition, the quality assessment of most included studies was better, which may have strengthened the reliability of the analysis results. Despite its strengths, our meta-analysis also has several limitations. First, owning to the differences in investigation periods, locations, sample sizes, and demographic characteristics, the heterogeneity of the pooled data was high, which could not be solved even by subgroup analysis. Furthermore, incomplete and missing reports on sex, smoking status, COPD severity, and other variables in the included studies caused imperfect comparisons of all influencing factors. Therefore, positive results should be interpreted with caution.



Conclusions

This review revealed that the prevalence of lung cancer in patients with COPD is higher, which was supported by evidence-based studies. These findings help to further promote the attention and prevention of lung cancer in patients with COPD and contribute to the development of global management strategies to reduce the occurrence of lung cancer in COPD.
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