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Abstract

Objective: While chronic inflammation is a well-established risk factor for malignancy, studies 

evaluating the relationship between allergic inflammation and cancer have revealed conflicting 

results. Here, we aimed to assess the association between allergic inflammation in the lung 

(asthma), skin (eczema) or esophagus (eosinophilic esophagitis; EoE) and cancer at the organ site.

Design: We conducted a systematic review of the literature to identify observational studies 

(case-control, cohort, and cross-sectional) evaluating the association between asthma and lung 

cancer, eczema and skin cancer, or EoE and esophageal cancer. Random-effects meta-analysis was 

performed to define pooled estimates of effects.

Data sources: PubMED, EMBASE, and Web of Science

Eligibility criteria for selection: Included studies evaluated the incidence of cancer.

Results: Thirty-two studies met the inclusion criteria, 27 in the lung, 4 in the skin, and 1 in the 

esophagus. Metanalysis of the 3 studies with prospective data collection of asthma diagnosis 

revealed a positive association with incident lung cancer (OR 1.27, 95% CI 1.09–1.44); however, 
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this result was not consistently supported by the larger dataset of retrospective studies (OR 1.37, 

95%CI 0.90–1.83). Overall, studies in the lung displayed significant heterogeneity (I2 98%, 

p<0.0001), but no significant effect-modification on the association between asthma and lung 

cancer was identified for the variables of sex, smoking, or study design. Meta-analysis could not 

be applied to the 4 papers reviewed in the skin, but 3 suggested an association between eczema 

and non-melanoma skin cancer, while the remaining study failed to identify an association 

between melanoma and eczema. A single study meeting inclusion criteria showed no association 

between EoE and esophageal malignancy.

Conclusions: The current data cannot exclude the possibility of an association between atopy 

and malignancy the lung, skin and esophagus. The relationship between allergy and cancer should 

be explored further in prospective studies that any association identified between these conditions 

has the potential for significant public health implications

Systematic review registration: PROSPERO registration CRD42018092447

INTRODUCTION

Allergic disease is increasing in incidence world-wide and may manifest in different organs, 

including the lung, skin, and gastrointestinal tract1,2. Asthma, eczema, and eosinophilic 

esophagitis (EoE) cause chronic allergic inflammation of the lungs, skin, and esophagus, 

respectively. Allergic inflammation differs from autoimmune and infectious inflammation in 

that it tends to be driven by a T-helper 2 predominant inflammatory response (with 

interleukin 4, 5, 13) and an eosinophil and mast cell predominance. While clinicians strive to 

identify and mitigate antigen exposures, and provide therapeutic interventions where 

necessary, the efficacy of such approaches are variable. As a result, atopic patients often 

experience long-standing inflammation. These challenges underscore the importance of 

understanding the natural history of allergic diseases and how they may influence tissue 

biology.

Chronic inflammation is a well-established risk factor for malignancy across tissue types. 

Mechanisms through which a persistent inflammatory microenvironment facilitates 

tumorigenesis include increased cell turnover, free radical production, diminished DNA 

repair capacity and stromal activation3. In the gastrointestinal tract alone, ulcerative colitis 

has been associated with colon cancer, pancreatitis with pancreatic cancer, and 

gastroesophageal reflux disease with esophageal adenocarcinoma4,5. Despite this paradigm 

of chronic inflammation as a tumor promoter, various studies have demonstrated a negative 

association between allergic inflammation and cancer risk, with enhanced 

immunosurveillance and activation of cellular protective mechanisms (e.g. apoptosis, 

senescence) suggested as proposed mechanisms through which malignant transformation is 

limited in atopic tissues6,7. Additionally, allergic inflammation may be eosinophil-

predominant, compared to other forms of chronic inflammation which are either mixed or 

neutrophil-predominant. The risk of allergic inflammation on cancer risk is not well 

established.

To assess the relationship between atopy and incidence of cancer specifically in the tissue in 

which allergic inflammation occurs, we performed a systematic review of literature 
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analyzing history of allergic conditions affecting the lung (asthma), skin (eczema) or 

esophagus (eosinophilic esophagitis; EoE) and incidence of malignancy in those organs. 

While few data exist regarding the risk of skin cancer and esophageal cancer in patients with 

eczema and EoE, respectively, there is a breadth of literature regarding the association 

between asthma and lung cancer. We, therefore, performed meta-analysis of relevant 

publications, overall and also individually in retrospective and prospective studies, to 

synthesize the evidence for a relationship between asthma and lung cancer.

METHODS

Design

We conducted a systematic review of the literature to assess whether organ specific atopy is 

associated with malignancy (PROSPERO registration CRD42018092447). The data have 

been reported according to the PRISMA guidelines for systematic review and meta-analyses 

(Supplemental Figure S1).

Literature Search

PubMED, EMBASE, and Web of Science databases were systematically searched with the 

assistance of a library scientist using key words and MeSH terms for each organ (e.g. 

eosinophilic esophagitis AND esophageal cancer). Included studies were English language, 

case-control, cohort, and cross-sectional design studies. The final literature search was 

performed on 26 January 2018.

Study Selection

Primary exposures for each key question were the allergic conditions asthma, atopic 

dermatitis, and EoE. Primary outcomes were incident lung cancer, skin cancer, and 

esophageal cancer, respectively. Diagnoses were accepted as presented in the original 

studies. Studies focused on populations at elevated cancer risk from non-tobacco toxin 

exposure (e.g. asbestos, coal) were excluded. Studies that failed to separate the allergic 

condition exposure in question from other comorbidities were excluded (e.g. co-association 

of asthma and hay fever with lung cancer). Studies that evaluated only cancer mortality 

(without separating cancer incidence) were excluded.

Two authors (ABM, KW) independently reviewed all abstracts to determine whether the 

study met study inclusion criteria. Differences were resolved by discussion and any 

disagreement was resolved by consulting additional reviewers (ESD, ETJ), who made the 

final decision. Full texts of all studies selected were obtained for data extraction.

Data Extraction

Two authors (ABM, KW) independently extracted data from full text articles. Details of the 

studies were documented in a standardized table, including the following data elements: first 

author, year, study design, sample size(s), measure obtained (e.g. odds ratio, hazard ration, 

relative risk), effect estimates, and potential for bias, including possible confounding factors.
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Risk of Bias Assessment

Quality assessment of all eligible articles was done by two authors (ABM, KW), with any 

differences discussed and resolved with a third author (MD). Study quality was assessed 

using the NIH National Heart, Lung, and Blood Institute Quality Assessment Tools (https://

www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools). Case control and cohort 

modules were utilized where appropriate.

Statistical Analyses

For comparisons where two or more studies reported a similar outcome and an odds ratio 

could be calculated from each, we estimated a pooled odds ratio using random-effects meta-

analysis, according to the inverse-variance weighted method8. For studies that only reported 

a standardized incidence ratio (SIR), we used the SIR to impute numbers of subjects with 

and without the outcome in question from a comparison group of equal size, allowing 

combination with other studies in a pooled odds ratio. The main analyses pooled adjusted 

odds ratios from each study, when these were provided. We also performed sensitivity 

analyses pooling the raw numbers from each study. The meta-analysis only examined odds 

ratios, either reported or calculated, but did not pool odds ratios with other measures (such 

as hazard or risk ratio). Primary analyses considered only those study estimates that 

accounted for latency of lung cancer diagnosis (excluding asthma diagnoses reported within 

1–5 years of cancer diagnosis), to reduce protopathic bias due to misattribution of early 

pulmonary symptoms, A sensitivity analysis included all estimates extracted irrespective of 

whether the cancer diagnosis was made within 1–5 years of the diagnosis of the allergic 

disease. We assessed between-study heterogeneity visually using forest plots and 

quantitatively with the I-squared (I2) statistic, which is the percentage of total variance from 

between-study rather than within-study variance9. For each pooled effect, we estimated 95% 

confidence and predictive intervals, representing the confidence interval for the mean of the 

random-effects distribution and the range within which 95% of future study effects are 

predicted to fall, respectively10. To explore causes of heterogeneity, we performed subgroup 

analyses according to study characteristics including sex, smoking status, study design, risk 

of bias, and year of publication, when there were at least two studies in each subgroup. 

Specifically, we separated studies with data collected prospectively versus retrospectively 

when this affected the summary estimate. For asthma, where there were >10 studies 

assessing asthma in relation to lung cancer, funnel plots were examined visually for 

asymmetry suggestive of small-study effects (such as publication bias), supplemented with 

quantification by the Egger test11. If publication bias was detected, the “trim-and-fill” 

method was used to determine a random-effects summary estimate adjusted for publication 

bias12. All analyses were performed in STATA 14.2 (StataCorp, College Station, TX), with a 

significance threshold of a 2-sided p<0.05.

RESULTS

Literature Search Results

Our initial literature search identified 3929 records. After excluding duplicates and studies 

that did not meet the defined inclusion criteria, 92 articles were subjected to full-text review, 
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identifying 32 relevant studies: 27 in the lung, 4 in the skin, and 1 in the esophagus (Figure 

1; Table 1–2).

Asthma and incidence of lung cancer

Twenty-seven studies of 939,248 unique asthmatic subjects examined the association of 

asthma with lung cancer incidence, and were pooled using random-effects meta-analysis 

(Table 1). The majority of the studies (22) were case-control studies, and only 3 studies 

collected data prospectively13–15. Asthma was associated with increased odds of incident 

lung cancer, but this was not statistically significant overall (OR 1.34, 95%CI 0.93–1.76, 

Figure 2) or in the subgroup of studies with retrospective data collection of asthma diagnosis 

(OR 1.37, 95%CI 0.90–1.83). The pooled estimate from the 3 prospective studies was 

significant due to less heterogeneity resulting in narrower confidence intervals, though with 

similar magnitude (OR 1.27, 95% CI 1.09–1.44). Heterogeneity resulted in a 95% predictive 

interval spanning the null in all analyses however. Indeed, 15 of the 26 studies had 

confidence intervals either spanning the null13,14,16–26,26 or with a significant inverse 

association27. When restricting the analysis to studies that reported adjusted odds ratios 

(AORs), the magnitude of the association attenuated slightly and results were less 

heterogeneous (OR 1.19, 95% CI 0.99–1.38, I2 47%, Supplemental Figure S2). The 

associations were very similar for a variety of sensitivity analyses, including analyses 

pooling raw numbers of patients rather than aORs (OR 1.38, 95% CI 1.09–1.74, 

Supplemental Figure S3) as well as analyses emphasizing non-latency-adjusted estimates 

along with either pooling AORs (OR 1.20, 95% CI 1.04–1.35) or pooling raw numbers of 

participants (OR 1.40, 95% CI 1.10–1.77) (Supplemental Figures S4, S5). In fact, 

accounting for latency did not significantly affect overall estimates (p=0.91, Supplemental 

Figure S4).

In subgroup analyses by patient characteristics, we emphasized meta-analytic estimates 

derived from raw numbers rather than adjusted odds ratios, since the reported aORs often 

adjusted for these factors already, by design. No significant effect-modification was found 

for the effects of sex or smoking on the association between asthma and lung cancer in the 

main analyses (Figures 3, 4, with sensitivity analyses using pooled aORs in Supplemental 

Figures S6, S7). For sex, this was true whether stratifying by studies that reported estimates 

by subgroups (Figure 3), or evaluating the effect of the percentage of male subjects in each 

study by metaregression (p=0.46). There were a greater number of studies including just 

women, which led to a very small, but statistically significant association between asthma 

and lung cancer in pooled estimates for females only, which was not significant in subgroups 

of only males (Figure 3). The association between asthma and lung cancer was not 

significantly different by smoking status either, whether stratifying by current smoking 

status (Figure 4a) or history of ever smoking (Figure 4b), or by metaregression of percentage 

of never-smokers (p= 0.62). Due to the larger number of smokers, as well as greater cancer 

incidence in this population, the association between asthma and lung cancer was still 

observed in the smoking subgroup, but did not meet statistical significance in the subgroup 

of non-smokers (Figure 4).
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The magnitude of the odds ratios was consistent across other sensitivity analyses of study 

characteristics as well. An analysis removing the four studies where control group numbers 

were imputed from SIRs 14,28–30 reduced the overall power of the analysis without any 

change in the magnitude of the effect size (OR 1.32, 95% CI 0.85–1.79). Meta-regression 

did not reveal any statistically significant effect modification by study design 

(retrospectively vs prospectively collected data, p= 0.68) or year of publication (p=0.65). Of 

the 26 studies included in any analysis, 10 were at low risk of bias, 9 at medium, and 7 at 

high risk of bias (Supplemental Table 1). There was a trend toward lower pooled aORs with 

decreasing risk of bias, but this was not statistically significant (p=0.10). A sensitivity 

analysis excluding those studies at high risk of bias somewhat attenuated the magnitude of 

the estimate, and with less heterogeneity, but with some loss in the precision of the estimate 

given the reduced sample (OR 1.17, 95% CI 0.99–1.36, Supplemental Figure S8). There was 

statistically significant funnel plot asymmetry for the entire group of studies in the main 

analysis (Egger’s test p<0.001, Supplemental Figure S9), but (atypically) with smaller 

studies showing smaller magnitudes of an association between asthma and lung cancer. This 

suggests the possibility that publication bias or other small-study effects could have biased 

the results toward the null. The pooled random-effects odds ratio adjusted for publication 

bias by the trim-and-fill method was 1.39 (95% CI 1.09–1.77, vs OR 1.34 for main effect, 

above), suggesting the contribution of small study effects was minor.

Eczema and incidence of skin cancer

In the skin, we identified 4 studies evaluating the relationship between eczema and cancer 

(Table 2). Three of these studies31–33 reported a positive association between eczema and 

skin cancer. Olesen et al. identified 16 skin cancers in a cohort study of 2030 adults from 

Denmark in which the expected incidence was 6.6 (SMR 2.4, 95% CI 1.4–3.9)31. Cancers in 

this cohort were equally distributed between both males and females as well as squamous 

cell carcinomas (SCC) and basal cell carcinomas (BCC). Increased risk for skin cancer was 

statistically significant with follow up of 5–9 years, but failed to show statistical significance 

for cancers diagnosed in the population with >10 years of follow up. In an additional study, 

Dyer et al. reported a non-statistically significant positive association between history of 

eczema alone and BCC risk (HRR 1.38, 95% CI; 0.95–2.03; p=0.095)32. However, history 

of eczema was identified as an independent risk factor for developing BCC upon 

incorporation into a multivariate model adjusting for factors including age, 5-year history of 

skin cancer, and family history of skin cancer (HRR 1.52, 95% CI 1.01–2.09; p=0.037)32. A 

positive association between eczema and either SCC (OR 1.83, 95% CI 0.97–3.45) or early-

onset BCC (OR 1.52, 95% CI 0.77–3.01) was identified by Cheng et al33; however, these 

associations did not reach statistical significance. Upon stratification by sex, men with a 

history of eczema displayed an increased risk of SCC (OR 3.5, 95% CI 1.33–11.15). By 

contrast, in women, neither a history of eczema nor allergy was associated with SCC 

(eczema: OR 0.95, 95% CI 0.35–2.57; allergy: OR 0.59, 95% CI 0.29–1.19). Both men (OR 

2.02, 95% CI 0.61–6.72) and women (OR 1.59, 95% CI 0.66–3.80) exhibited a positive, but 

non-statistically significant association between history of eczema and BCC. Finally, in a 

cohort consisting of 94 Canadian men, El-Zein found no significant association between 

history of eczema and melanoma (OR 0.64, 95% CI 0.2–2.2)18. Two out of the three studies 

reporting a positive association between eczema and skin cancer were judged to be at 
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medium risk of bias and one, Olesen et al., was found to be at a high risk of bias due to 

failure to evaluate the effect of time or possible confounders, including sun-exposure. 

Conversely, El-Zein et al. was found to be at medium risk of bias due to failure to assess 

latency effects.

EoE and risk of esophageal cancer

Our literature search of PubMed, WOS, and Embase revealed one paper that met our 

inclusion criteria in the esophagus, Syed et al. There were two case series, Lipka et al and 

Straumann et al, which followed EoE patients for an average of 13.6 and 7.2 years 

respectively34,35. Lipka et al. was a single-center, retrospective case series, reporting no 

identification of esophageal malignancy via endoscopy in 13 EoE patients followed up over 

a 13.6-year mean period (range 5–24 years). Additionally, while 50% of EoE patients 

exhibited Barrett’s esophagus, the premalignant precursor to esophageal adenocarcinoma, 

dysplasia was not detected upon histological review. Straumann et al. prospectively followed 

30 adults with EoE for 11.5 years and found that none of these patients developed 

malignancy.

The study by Syed et al. was a cross-sectional population-based study utilizing an 

administrative database36 with over 340 hospitals and 22 major health care systems 

participating. With over 27 million patients, 0.02% had a diagnosis of EoE. None of these 

EoE patients had documentation of a diagnosis code for co-morbid esophageal cancer. A 

limitation of this study was that only 5 years of data were available for these patients, which 

may not be a long enough time of exposure for malignant transformation.

DISCUSSION

The current study provides a comprehensive evaluation of data regarding asthma, eczema, 

and EoE, and their association with cancer risk in the affected organ. In contrast to the skin 

and esophagus, where few studies have been conducted to assess associations between 

allergy and organ-specific malignancy, numerous case-control and cohort studies have 

evaluated the association between asthma and cancer in the lung. Meta-analysis of these data 

revealed an increase in lung cancer risk in asthma patients that was significant when 

examining 3 studies with prospective collection of asthma diagnosis, but that was not 

consistently supported when evaluating either retrospective studies alone or the collective 

dataset. While at these differences with regard to data significance may be a result of 

decreased heterogeneity in the limited dataset provided by the prospective studies, these 

findings support the need additional studies with prospective collection of allergy diagnoses 

to further investigate the relationship between atopy and cancer. Notably, the positive 

association between asthma and lung cancer risk remained consistent upon sub-analyses for 

effects of sex and smoking status. Geographic location and distribution of histologic lung 

cancer subtypes represent two potential sources of heterogeneity among these studies, and 

there were no studies with eosinophilic or neutrophilic asthma specifically assessed. A 

limitation of the body of evidence on atopic disease and organ-specific cancer is the 

potential for bias. In those studies using surveys to ascertain past medical histories from 

cases and controls,13–16,18–23,25–27,37–43 there is a potential for recall bias. Additionally, the 
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temporality of atopic disease state and cancer is difficult to ascertain. Similarly, depending 

on duration of atopy and treatment efficacy, risk of cancer could differ. Risk of cancer in the 

setting of inflammatory diseases with cancer predisposition, including pancreatitis, 

ulcerative colitis and gastroesophageal reflux disease are dependent on disease duration. 

While not all studies evaluated for duration of illness prior to onset of malignancy, we did 

make note of this in our systematic review. In the case of asthma, other meta-analyses have 

shown that increased risk of lung cancer diagnosis in the 2 years following the diagnosis of 

asthma, and no increase in the population with >10 years of asthma44. This may signify 

ascertainment bias, where lung cancer cases are identified due to increased health care 

surveillance at the time of asthma diagnosis. Additionally, eosinophilic asthma has been 

recently identified as an important subtype with different treatment algorithms. The studies 

we identified did not stratify by peripheral eosinophil count or eosinophilic asthma status, 

and it would be interesting to determine this risk in this purely allergic subpopulation.

In evaluating the association between eczema and skin cancer, our literature review 

identified only 4 studies meeting our inclusion criteria, each reporting different 

combinations of skin cancer subtypes which precluded meta-analysis. Three of these studies 

identified increased skin cancer risk in eczema patients (two of which were not statistically 

significant) while the fourth failed to define any association between eczema and melanoma. 

In the study by Cheng et al., the positive association between eczema and skin cancer was 

present in both early-onset basal and invasive squamous cell carcinoma while sub-type 

specific effects were not explored in the two other studies identifying increased cancer risk 

in eczema patients33. The study by El-Zein et al. found no evidence of an association 

between eczema and melanoma, however, given that other skin cancer types were not 

evaluated, the potential remains that eczema may differentially influence specific histologic 

subtypes of skin cancer18. Of these 4 studies, only that performed by Olesen et al. included a 

primary diagnosis of eczema as an inclusion criterion. While this may alleviate concerns of 

recall bias, it also raises the potential for detection bias, as patients with eczema have an 

increased likelihood of undergoing clinical skin examinations during which cancer and pre-

cancerous lesions may be detected. Importantly, as latency exclusion was not utilized in any 

of the 4 studies that met inclusion criteria in the skin, there exists the potential for 

misdiagnosis of eczema occurring close to the time cancer diagnosis. Failure to control for 

severity of atopic inflammation represented in these 4 studies represents an additional source 

of heterogeneity. While it is possible that control of atopic dermatitis inflammation could 

reduce subsequent cancer risk, as is the case for inflammatory conditions such as ulcerative 

colitis45, careful consideration must be given with regard to the agents used to alleviate 

allergic responses as links between several therapies and increased malignancy rates have 

been identified. For example, calcenurin inhibitors which are used topically to treat eczema 

have been associated with increased cancer risk in various organs, including the skin46–48. 

Additionally, the FDA has raised concerns regarding increased cancer rates in patients 

treated the anti-IgE antibody omalizumab. Although several studies failed to validate such 

concerns49,50, further investigations are warranted.

While the relationship between EoE and esophageal cancer is only beginning to be explored, 

such investigations may be particularly valuable for physicians who remain hesitant to treat 

asymptomatic EoE patients given the high burden of therapy for treatment of EoE51,52 and 
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the fact that it is widely believed that EoE does not contribute to increased risk of malignant 

transformation. Supporting this notion, Lipka and Straumann et al. both failed to detect 

esophageal malignancy in small (n=30 and 13 respectively) EoE patient cohorts34,35. The 

large cross-sectional population-based study by Syed et al. revealed that in 5,370 EoE 

patients evaluated, not a single case of esophageal malignancy was documented over a 5-

year period36. Limitations for these studies include inability to examine sex-specific effects, 

follow-up periods that are short with regard to cancer development, which occurs over 

decades, and lack of reporting on the histopathologic subtype of esophageal malignancy 

being detected. While malignancy was not detected in EoE patients in the three studies 

described herein, eosinophils have been detected in esophageal cancer lesions53,54, and 

patients with esophageal cancer often present with symptoms that are prevalent in EoE, 

including dysphagia55. Given that EoE has only been characterized as distinct disease entity 

in the past two decades, it is possible that undiagnosed EoE cases may have influenced 

carcinogenesis in the esophagus. Several studies have reported esophageal granular cell 

tumors in EoE patients56,57; however, such reports were excluded from the current analysis 

as these lesions are generally benign and of neuroendocrine origin. Nevertheless, the 

relationship between EoE and granular cell tumors would merit future assessment to 

determine if there is a true association or if it is incidental.

The strengths of the current study included its rigorous systematic review methods 

conforming to current guidelines, and its large sample size with nearly 1 million cases of 

lung cancer evaluated, allowing for evaluation of both smoking and sex differences within 

the studies. There were limitations in our ability to fully understand allergic inflammation 

and cancer risk in the skin and esophagus due to lack of studies in this area. There is a great 

need to further understand the consequences of long-term eosinophilic inflammation in the 

esophagus. EoE diagnosis is often delayed58 and treatment response rates are low, therefore 

many patients experience ongoing inflammation despite attempts at therapy59. Recently 

developed in vitro and ex vivo tissue engineering strategies, such as esophageal organoids, 

offer the unique ability to culture differentiated esophageal epithelia with eosinophils for 

prolonged periods60,61. These experiments may provide further better understanding of the 

mucosal stress responses and the evolution of carcinogenesis in the esophagus.

As allergic disorders increase in incidence, it is important that we consider the long-term 

effects of allergic inflammation. The current study indicates some weak associations 

between allergic inflammation (e.g. asthma and eczema) and carcinogenesis within the organ 

in which they occur; however, heterogeneity and potential for confounding in the available 

literature preclude firm conclusions on the presence of such associations. This review 

highlights the need for future prospective cohort studies, with careful consideration for 

duration of allergic disease, type of inflammation, medication usage, success of treatment 

and disease activity control, and well-defined outcomes related to malignancy to elucidate 

the clinical impact of the complex interplay between chronic inflammation and 

carcinogenesis. Such studies will provide population-based data that will inform our 

understanding of how allergic inflammation influences carcinogenesis and may have critical 

implications for cancer prevention and therapy.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Flow chart of searches performed.
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Figure 2: 
Random-effects meta-analysis of association of lung cancer incidence and asthma, with 95% 

confidence interval (diamond) and estimated predictive interval (lines extending on either 

side of diamond). Forest plot is stratified by study design. Adjusted odds ratios were used if 

provided by original study, and otherwise calculated from raw numbers of the original study 

(and therefore crude, unadjusted). Estimates that accounted for latency between asthma and 

lung cancer diagnosis were selected when available. ES, estimate (here, adjusted odds ratio); 

CI, confidence interval.
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Figure 3: 
Random-effects meta-analysis of association of lung cancer incidence and asthma, stratified 

by sex. The association of asthma with lung cancer was not significantly different by sex 

(p=0.46). Meta-analytic estimates calculated from raw numbers, given that most adjusted 

odds ratios already adjusted for sex. Estimates accounting for latency were used when 

provided. OR, odds ratio; CI, confidence interval.
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Figure 4: 
Random-effects meta-analysis of association of lung cancer incidence and asthma, stratified 

by inclusion of any current smokers (A) or any ever-smokers (B). Meta-analytic estimates 

calculated from raw numbers, given that most adjusted odds ratios already adjusted for 

smoking. OR, odds ratio; CI, confidence interval.
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