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Asthma has been hypothesized to be associated with lung cancer
(LC) risk. We conducted a pooled analysis of 16 studies in the
International Lung Cancer Consortium (ILCCO) to quantita-
tively assess this association and compared the results with 36
previously published studies. In total, information from 585 444
individuals was used. Study-specific measures were combined
using random effects models. A meta-regression and subgroup
meta-analyses were performed to identify sources of heterogene-
ity. The overall LC relative risk (RR) associated with asthma was
1.28 [95% confidence intervals (CIs) = 1.16-1.41] but with large
heterogeneity (I> = 73%, P < 0.001) between studies. Among
ILCCO studies, an increased risk was found for squamous cell
(RR = 1.69, 95%, CI = 1.26-2.26) and for small-cell carcinoma
(RR = 1.71, 95% CI = 0.99-2.95) but was weaker for adenocar-
cinoma (RR = 1.09, 95% CI = 0.88-1.36). The increased LC risk
was strongest in the 2 years after asthma diagnosis (RR = 2.13,
95% CI = 1.09—4.17) but subjects diagnosed with asthma over 10
years prior had no or little increased LC risk (RR = 1.10,95% CI
= 0.94-1.30). Because the increased incidence of LC was chiefly
observed in small cell and squamous cell lung carcinomas,
primarily within 2 years of asthma diagnosis and because the
association was weak among never smokers, we conclude that
the association may not reflect a causal effect of asthma on the
risk of LC.

Introduction

The World Health Organization estimates that ~300 million people
worldwide suffer from asthma, one of the most frequent chronic dis-
eases (1). The disease affects people of all ethnic groups, from infancy
to old age (1,2). The prevalence of asthma, or more generally wheez-
ing, differs remarkably between geographical regions and over time
being more common in western developed countries (e.g. ~4% in
India and Algeria and 29% in Australia and Wales) (1,3). It poses
substantial burden to individuals and families and is often a lifetime
concern. Because asthma is a complex inflammatory disorder of the
respiratory system, it has been hypothesized that this chronic condition
may affect the risk of lung cancer (LC).

LC is the most common cause of cancer death worldwide with
a 5 year survival probability of only 10% (4). Although tobacco smoking
remains the predominant cause of LC, even in never-smokers, LC is an
important public health issue. It is estimated that 10-29% of LC cases
are attributable to factors other than smoking, representing between
16 000 and 24 000 LC deaths annually in the USA alone (5-7).

The association between asthma and LC risk has been investigated
previously, the first report dating back to 1960 (8). Suggested hypoth-
eses of the asthma—LC relationship are conflicting, i.e. that asthma is
associated with either an increase or a decrease in LC. According to
the enhanced immune surveillance theory, asthma may reduce the risk
of LC by increased clearance of toxins and carcinogens from the
bronchoalveolar epithelium (9-11) and by continual stimulation of
cell regeneration to repair inflammatory lung damage (9,12). Con-
versely, asthma has been hypothesized to cause an increased risk of
LC via chronic inflammation (the antigenic stimulation theory)

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions @oup.com 587

2102 ‘9 fe uoeliues Ip alotedng onins| e /610°seuino [pio xo unies;/:dny Wwouy papeojumoq


http://carcin.oxfordjournals.org/

A.Rosenberger ef al.

(11,13). To shed light on these discrepancies, previous summaries of
the relevant literature/evidence suggest that asthma is associated with
an increased LC risk (9,11,14,15). However, heterogeneous results
were found for case—control and cohort studies (16) and potential
effect modifiers, such as latency period, were not or were rarely in-
vestigated. Stratification by histological subtypes was conducted by
previous studies; however, the sample sizes tend in part to be too small
to yield meaningful results (12,17-24). Since 2003, several additional
studies of this association have become available.

We aimed to investigate the role of asthma as a potential risk factor
for LC and, if present, to identify factors that might modify the
strength of this association. To be able to conduct a detailed stratified
analysis, with standardized adjustments for covariates, we conducted
a pooled analysis based of individual-level data from 16 studies of the
International Lung Cancer Consortium (ILCCO). To summarize the
overall effect estimates, we also combined the results of the pooled
analysis with all relevant studies published in the literatures up to
October 2010.

Materials and methods

We performed meta-analyses based on study-specific estimates from ILCCO and
published studies, separately and jointly. Sources of between-study heterogene-
ity were investigated by stratified analysis (25) and by a meta-regression (26).

Analysis of ILCCO studies

ILCCO was established in 2004 with the aim to pool comparable data and
maximize resource sharing and statistical power of epidemiological studies of
LC (http://ilcco.iarc.fr). Sixteen ILCCO studies are included in this pooled
analysis. All studies were approved by ethical review boards. Written informed
consent was obtained from all study participants. The data submitted were
checked for inadmissible values, aberrant distributions, inconsistencies and
missing values. Study participants with unknown sex, age, exposure (if distin-
guishable from ‘no asthma’), disease (LC) or smoking status (never-, former,
current or ever-smoker) were excluded from the analysis. All studies consid-
ered primary and incident LC cases, histological confirmed. Asthma status
was determined by questionnaire assessment (denoted as self-reported), by
a verified physician’s diagnosis (denoted as physician’s diagnosis) or from
entries in a national hospital registry (Danish Diet Cancer and Health Study,
denoted as hospitalized).

The asthma—-LC association was estimated in each study separately by fitting
a logistic regression model for case—control studies and a Cox-regression
model for the cohort study. The association estimates were adjusted for age
at interview, sex and smoking (smoking status, pack years, time since quitting,
age of start smoking and environmental tobacco smoke). Pack years were
calculated based on smoking intensity in cigarettes equivalents and duration.

Analyses were repeated restricting the ILCCO study participants to never-
smokers, defined as those who had smoked <100 cigarettes in their lifetime or
had smoked <1 pack year to avoid potential bias by residual confounding
owing to smoking and smoking-related effects.

Identification of published studies

We searched ‘PubMed’ and other databases via the ‘Deutsches Institut fiir
Medizinische Dokumentation und Information” for further publications con-
cerning the epidemiology, etiology, classification or history of asthma or
allergies or inflammation and LC (see Supplementary materials, available at
Carcinogenesis Online) up to 27 October 2010 and tracked down references to
identify relevant study reports. Studies needed to fulfill several criteria (see
Supplementary materials, available at Carcinogenesis Online) to enter the
meta-analysis. Usable data were extracted by two independent abstractors.
No study from the ILCCO pooled analysis, for which individual-level data
were available, was considered in this component.

Meta-analysis
To obtain a single estimate summarizing the asthma—-LC association, for sim-
plicity henceforth noted as a relative risk (RR), we fitted random effects models
based on published or calculated odds ratios, RRs or hazard ratios. Methods
of how the standard error was reconstructed if unreported are given in the
Supplement (available at Carcinogenesis Online). To detect reporting bias,
we visually inspected a funnel plot of precision versus effect estimates and
performed Egger’s test for asymmetry (27). Consistency within studies is
displayed by Galbraith radial plots (25).

We explored the between-study heterogeneity by performing an asymptotic
test on Cochran’s Q. In addition, we calculated I?, the percentage of
the variability in effect estimates that is due to heterogeneity and inspected
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Galbriath radial plots. The P-value for heterogeneity is noted as Pp.. We
conducted influence analysis where we performed a backward selection,
excluding the study contributing most to the Q statistics at each step, until
there was no evidence of heterogeneity (Ppe; < 0.05). The main purpose of this
selection was to inspect changes in RR estimates in less heterogeneous subsets
of studies and not to exclude of studies from the analysis. Therefore, summary
statistics derived after exclusions are reported only when being meaningfully
different from the overall dataset without exclusion.

To investigate sources of between-study heterogeneity, we conducted strati-
fied analyses by smoking status, sex, age, history of other lung diseases, cancer
histology and topography, age of asthma onset, extrinsic or intrinsic asthma
and defined latency, whenever sufficient data were available or reported.
ILCCO-studies with less than three observed cases or controls among asth-
matics or non-asthmatics were excluded from subgroup analyses. In published
case—control studies, a minimal latency time was set as an inclusion/exclusion
criterion. Therefore, the effect of a minimal latency by design was investigated
in case—control studies only, categorized into ‘within first year’, ‘1-2 years’,
‘3-10 years’ and ‘>11 years’. If a reported stratification for latency does not
perfectly fit to this classification used, we assigned the reports to the most
overlapping strata.

In the meta-regression (26), we included all studies and considered 13
sources of heterogeneity as covariates (listed in the Supplement, available at
Carcinogenesis Online). To avoid over-parameterization and to the limit eco-
logic bias due to the inclusion of aggregates of person characteristics (28), we
performed a backward selection of covariates. The choice of the best fitting
model was based on Akaike’s information criterion.

Results

Description of ILCCO studies

The characteristics of the 16 participating ILCCO studies are summa-
rized in Table I (see also Supplementary Tables I—III, available at
Carcinogenesis Online). Fifteen were case—control studies, with con-
trols frequency matched to cases on at least age and sex. The 16th
study was a register-based cohort study. Five studies were conducted
in Europe, nine in North America and one each in Hawaii and China.
In most studies, asthma was assessed using self-reported diagnosis. In
total, 19 980 LC cases were compared with 79 723 controls. Ninety-
three percent of the study population was European descendants and
33% were never-smokers. The most common histological subtypes
were adenocarcinoma (33%) and squamous cell carcinoma (23%).
More details are given in the Supplement, available at Carcinogenesis
Online.

Description of published studies

Table II summarizes the characteristics of all 36 published studies
identified through a literature search (see Supplementary materials,
available at Carcinogenesis Online) and included in the meta-analysis,
composed of 20 case—control studies, 1 nested case—control and
15 cohort studies. The studies were published between 1972 and
2010, providing information on 19 644 LC cases and 466 097 LC-free
individuals. Seven studies investigated LC mortality and the remaining
LC incidence. The majority of the studies included Caucasians, 17
exclusively. Asthma was self-reported in 23 studies and verified by
a physician in 12 studies. Twenty-five studies controlled for smoking
in the design or analysis (matching or adjusting), 6 studies restricted
the exposure definition to asthma in the absence of other pulmonary
disorders as exposure and 11 studies provided results for non-smokers.

ILCCO pooled analysis

The estimated odds ratios of LC associated with asthma in case—
control studies ranged from 0.88 (WSU/KCI-2 study) to 5.57
(Helmholtz lung cancer study) (Figure 1). The overall summary RR
was 1.27 [95% confidence interval (CI) = 1.03-1.58]. However,
appreciable significant heterogeneity was observed among these
16 studies (Ppe, < 0.001), with inter-study variability of 68%. The
Helmholtz lung cancer study has an upper age limit of 50 years for
cases, the largest amount of never-smokers in controls (71%) and the
highest proportion of small-cell lung cancer (SCLC) cases (28%) and
the largest proportion of cases with LC diagnosis within 2 years after
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Table I. Characteristics of ILCCO studies

Study abbreviation Study Country  Location Period” Sex Age Ethnicity ~ Source of Asthma Smoking Applicable
Reference Principal name (years) study sample size
investigator Organization population cases/controls
Prior T PY A TS ETS
Cases Controls Ascertainment to LC
Prospective (cohort) studies
DDCHS (29) A.Tjgnneland Danish Diet Cancer and Demark Copenhagen 1993-2007 Both 50-65 Caucasian® IR P Hospitalized —— e o o o 825/55 489
Health study and Aarhus
Retrospective (case—control) studies
UCLA (30) Z.F.Zhang University of California USA Los Angeles  1999-2004 Both 17-65 Mixed I P SR diagnosis — ° e o o 608/1043
at Los Angeles
HMGU (31-34) E.Wichmann, Helmholtz Lung Germany Nationwide  2000-04  Both 22-54 Caucasian 1 P SR diagnosis 2 ° ° o 661/7103
H.Bickeboller Cancer Study
CE (35) P.Boffetta INCO Central Europe Central/  Several 1998-2002 Both 25-86 Caucasian 1 H SR symptoms — . e o o 2633/2702
Health Study Eastern
Europe
NCI-China (36,37) Q.Lan National Cancer Institute China Xuan Wei 1985-90 Both 22-80 Asian 1 P SR diagnosis — 120/124
WSU/KCI-1 (38) Wayne State University and USA Detroit, 1984-2005 Both 17-85 Mixed 1 P SR diagnosis 9 ° o o o 1001/1183
A.G.Schwartz Karmanos Cancer Institute Michigan
Hawaii (39) L.Le Marchand ~ Study of Diet and Lunge USA Hawaii 1992-97  Both 31-84 Mixed 1 P SR diagnosis — ° e o o 632/591
Cancer III
Toronto (40) J.McLaughlin SLRI—Ontario Lung Canada  Toronto, 1997-2002 Both 20-85 Mixed 1 Mixed SR diagnosis 1 ° e o o 451/940
Cancer Study Ontario
LLP (41) J.Field Liverpool Lung Project UK Liverpool 1998-2006 Both 38-85 Caucasian 1 P SR diagnosis — e o 475/953
Mayo-H (42,43) P.Yang Mayo Clinic USA Rochester, 1997-2006 Both 17-99 Mixed 1 Mixed  Physician — ° ° ° 5696/2271
Minnesota diagnosis
NELCS (44) E.Duell New England Lung USA New 2005-08  Both 31-74 Caucasian 1 P SR diagnosis — ° e o o 276/251
Cancer Study Hampshire
NYMS (45) J.Muscat NY Multi-Center Study USA New York 1969-99  Both 24-83 Mixed 1 H SR diagnosis — ° ° o 5133/4939
State
CREST (46) M.Neri Cancer of the Respiratory  Italy Genoa 2002-05  Both 19-94 Caucasian 1 Mixed SR diagnosis — e e o o o 410/558
tract biorepository
UCSF (47) J.Wiencke University of California at USA San Francisco 1998-2003 Both 26-95 Mixed 1 Mixed SR diagnosis — ° o o 424/903
San Francisco
MSKCC (48) L.Orlow Memorial Sloan Kettering  USA New York 2003-05  Both 37-93  Mixed I H SR diagnosis — ° ° 101/102
Cancer Centre
WSU/KCI-2 (49) Wayne State University and USA Detroit 2001-05  Women 18-74 Mixed IR P SR diagnosis — ° e o o 534/571
A.G.Schwartz Karmanos Cancer Institute
Total 19 980/79 723

(£ 99 703)

Type of cases: I, incidence cases; IR, incidence (register); MR, mortality (register); type of controls: H, hospital control; P, population control; N, neighborhood control; SI, comparison with incidence from standard
population; asthma ascertainment: SR, self-report; smoking: T, type of smoker; PY, pack years; A, age start smoking; TS, time since quit smoking; ETS, exposed to environmental tobacco smoke.

“Refers to the period within the used data were collected (some studies are still ongoing).

" About half of the combined sample comes from the Danish Diet Cancer and Health study, a register based investigation. No ethnicity is provided for the single participants. Because the Danish population consists by
far mostly of Caucasians, all participants are assigned to be white.
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Table II. Characteristics of published studies

Reference  Study Period Sex Ethnicity Source of Applicable Asthma Adjusted/  Asthma  Non-smokers
study population sample match for  only
- size, smoking cases
Cases Controls cases/controls Ascertainment Diagnosed
prior to LC
(years)
Retrospective (case—control) studies
(10) Vena 1985 1957-65 Both Caucasian 1 H 1186/4039 SR diagnosis 0-5 Yes Yes SGA
(50) Gabriel 1972 1969-69 Male Mixed 1 H 150/150 SR symptoms 35% No No No
(22) Osann 1991 1969-77 Female  Mixed 1 P 2177217 SR symptoms Min. 2 Yes No No
(51) Markowe 1987 1970-76 Both Mixed MR P 254712547 Physician diagnosed =~ — No No No
(52) Brown 2005 1976-80 Both Mixed MR P 545/8542 SR diagnosis — Yes No SGA
(20) Ramanakumar 1979-86 Male Mixed 1 P 755/512 SR symptoms 3-10 Yes No No
2006 1995-2001  Both 1205/1541
(53) Samet 1986 1980-82 Both Caucasian IR HP 518/769 SR diagnosis — No No SGA
(12) Mayne 1999 1982-84 Both Mixed IR P 4371437 Physician diagnosed ~ Min. 5 Yes No Yes
(54) Wu 1988 1983-86 Female  Mixed I N 336/336 SR diagnosis Min. 3 Yes No No
(17) Wu 1995 1985-90 Female  Mixed 1 HP 412/1253 Physician diagnosed = — No No No
(18) Alavanja 1992 1986-91 Female  Caucasian I P 618/1402 Physician diagnosed =~ Min. 2 SGA No Yes
21 Osann 2000 1990-93 Female  Caucasian [ P 98/204 — Yes No No
(55) Brownson 2000 1993-94 Female  Caucasian 1 P 676/700 Physician diagnosed ~ 1-3 Yes No No
(56) Brenner 2001 1994-98 Both Asia 1 P 886/1765 Physician diagnosed ~ 1-21 Yes SGA SGA
57) Gorlova 2006 1995-2003 Both Mixed 1 H 280/242 SR diagnosis 3-20 No No No
(58) Wang 2006 2000-03 Both Caucasian I HP 196/4271 SR diagnosis — Yes No No
(24) Liang 2009 2004-07 Female  Asia 1 P 226/253 SR diagnosis Min. 1 Yes No Yes
59) El-Zein 2010 1979-86 Male Mixed 1 P 7551512 SR diagnosis 0 Yes No No
(60) Koshiol 2009 2002-05 Both Caucasian I P 1419/2104 SR diagnosis Min. 1 Yes No SGA
Nested case—control studies
(61) Gonzélez-Pérez 1994-2001  Both Caucasian IR P 866/18 792 Physician diagnosed =~ Min. 2 Yes Yes No
2006
Prospective (cohort) studies Follow-up
period (years)
(62) Alderson 1974 1936-79 Both Mixed MR SI 16 of 1892/std. pop. Hospitalized Avg. 21 No No No
(63) Reynolds 1987 1965-65 Both Mixed MR P 66 of 6815/std. pop. SR symptoms Max. 18 Yes No No
(64) Boffetta 2002 1965-95 Both Caucasian I SI 713 of 92 986/std. pop. Hospitalized Avg. 8.5 No SGA No
(65) Ji 2009 1965-2004  Both Caucasian IR SI 650 of 140 425/std. pop. Hospitalized Max. 40 No No No
(66) Frostad 2008 1972-2002  Both Caucasian IR P 352/17 318 SR symptoms Max. 30 Yes No No
(67) Vandentorren 1974-98 Both Mixed M P 178/13 149 SR symptoms Max. 25 Yes No No
2003
(68) Eriksson 1995 1976-89 Both Caucasian IR SI 1 of 2511/std. pop. SR symptoms Max. 14 No SGA No
(69) Huovinen 1997 1976-91 Both Caucasian MR twins 115/30 134 SR diagnosis Max. 16 SGA No No
(70) Lange 1996 1976-95 Both Caucasian IR P 380/13 160 SR symptoms Avg. 17 Yes No No
(71) Mills 1992 1977-82 Both Caucasian IR P 62/34130 Physician diagnosed ~ Max. 6 Yes No Yes
(19) Vesterinen 1993 1980-87 Both Caucasian IR SI 783 of 77 952/std. pop. Physician diagnosed =~ Max. 7 No No No
(72) Talbot-Smith 1981-99 Both Caucasian IR P 28/3280 SR diagnosis Max. 19 Yes No No
2003
(73) Turner 2005 1982-2000  Both Mixed MR P 892/18 987 SR diagnosis Max. 19 Yes SGA SGA
(23) Littman 2004 1985-96 Both Mixed 1 P 1028/16 670 SR diagnosis Avg. 9.1 Yes No Yes
(74) Brown 2006 1995-2004  Both Mixed I P 52/8845 SR symptoms Max. 9 Yes No SGA
Total 19 644/466 097(Z485 741)

Type of cases: I, incidence cases; IR, incidence (register); M, mortality (observed); MR, mortality (register); type of controls: H, hospital control; P, population control; N, neighborhood control; SI, comparison with
incidence from standard population; asthma ascertainment: SR, self-report; asthma only: results available for asthmatics without any other lung disease; non-smokers, results available for never and/or former
smokers; others: SGA, subgroup analysis; max., maximum; min., minimal; avg., average.
“Asthma before the age of 15 years; participants in the age of 49-83 years.

2102 ‘9 Ae uoeliues Ip alotedng onins| e /B1o'seulnofpiojxo unies;/:dny wouy papeojumoq

‘D 32 13 IIQUISOY'Y


http://carcin.oxfordjournals.org/

Asthma and LC risk: a systematic investigation

STUDY (sex) RR [95% CI] heterogeneity
case-control studies
UCLA 0.87 [0.60 - 1.26] ——
HMGU * 5.15 [2.87 - 9.24] ——
CE 0.94 [0.70 - 1.26] ——
NCI-China 1.98[0.35 - 11.3] {
WSU/KCI-1 0.88 [0.60 - 1.31] —hH—
Hawaii 1.10[0.72 - 1.67] ——
Toronto 0.92 [0.60 - 1.41] —H—
LLP 1.40 [0.93 - 2.11] T
Mayo-H 1.51 [1.24 - 1.86] —+
NELCS 1.95 [0.97 - 3.94] ——
NYMS 1.27 [0.99 - 1.64] ——
CREST 1.63 [0.85 - 3.13] -
USCF 1.51 [1.08 - 2.12] ——
MSKCC 1.19 [0.56 - 2.56] —
WSU/KCI-2 0.88 [0.60 - 1.28] ——
cohort studies
DDCHS 1.18[0.82 - 1.63] ——
pooled (without excluded) 1.17[1.02-1.35] 39% —+
pooled (all studies) 1.27[1.03-1.58] 68% ——
T T LR 2 v LA A ] ! L A ST | T U S R ]
0.01 0.10 1.00 10.00 100.00

RR (relative risk)

Fig. 1. Forest plot of the association between asthma and LC risk: ILCCO studies. Pooled, pooled RR according a random effects model; heterogeneity I,
percentage of inter-study heterogeneity; pooling all studies: the following eight studies were removed to reduce heterogeneity: HMGU.

asthma diagnosis (6% of cases). It is possible that the high proportion
of SCLC may contribute to the large effect, although it cannot account
for it completely. Excluding the HGMU study reduced the heterogeneity
(Phet = 0.062, P= 39%), and the strength of the association decreas-
ed considerably, although remained significant, with RR = 1.17 (95%
CI = 1.02-1.35, P = 0.032).

Subgroup analysis

The results of the stratified analysis by smoking status, age, gender,
asthma latency, asthma ascertainment method and histology are pre-
sented in Figure 2. When stratified by smoking status, we observed an
association among ever-smokers (RR = 1.27, 95% CI = 1.05-1.54)
and not in never-smokers (RR = 1.17, 95% CI = 0.72-1.48).

In terms of histology, we found a significantly elevated risk for
squamous cell carcinoma (RR = 1.69, 95% CI = 1.26-2.26, P <
0.002) and borderline significantly for SCLC (RR = 1.71, 95% CI =
0.99-2.95, P = 0.052) but not for adenocarcinoma (RR = 1.09, 95%
CI = 0.88-1.36), large cell lung cancer (RR = 1.13,95% CI = 0.50—
2.56) or for non-SCLC (RR = 1.35, 95% CI = 0.78-2.33), although
the latter was based on small numbers.

When considering the latency period, the effect of asthma on LC risk
appeared to be present and significant only for those who were diag-
nosed within 2 years of LC onset (RR = 2.13,95% CI = 1.09-4.17). In
contrast, for those having asthma for >11 years, no significant elevated
risk for LC was observed: RR = 1.10 (95% CI = 0.94-1.30,
P = 0.194).

When stratified by age of asthma onset, we observed a significant
increased risk (RR = 1.30, 95% CI = 1.04—1.63) for those diagnosed
at age >65 years as well as for those affected with asthma as adult
(diagnosed after age 20 years: RR = 1.26, 95% CI = 1.05-1.51). We
did not observe any effect modification by sex. Only three studies
provided information to distinguish between ‘intrinsic’ (allergic)
and ‘extrinsic’ asthma; therefore, we were not able to investigate this
aspect. More details regarding subgroup analyses are given in the
Supplement, available at Carcinogenesis Online.

Never-smokers

Three studies (NCI-China, Hawaii and LLP) needed to be excluded
because of an insufficient number of observations. In general, we
observed similar associations in non-smokers as those described
above, though they were less precisely estimated due to the smaller
sample size. RRs of LC were largest in short term after asthma
diagnosis (RR = 4.26, 95% CI = 0.02-794) and close to null over
11 years after asthma diagnosis (RR = 1.02, 95% CI = 0.59-1.75).
No increased risk for an adenocarcinoma (RR = 1.05, 95% CI =
0.78-1.40) was observed. More details are given in the Supplement,
available at Carcinogenesis Online.

Meta-analysis of published studies

The reported RRs for LC associated with asthma ranged from 0.19 (50)
to 6.3 (63) (Figure 3). As seven studies did not provide overall RRs, the
reported sex-specific estimates were included in the analysis. The over-
all estimate of a summary RR was 1.29 (95% CI = 1.15-1.45). We
observed appreciable heterogeneity (Ppe; < 0.001, > = 68%). Egger’s
test of funnel plot asymmetry suggests likely reporting bias (P <
0.001). Smaller studies tended to have report lower RRs. After remov-
ing the six studies contributing to the largest heterogeneity [Ramana-
kumar (20) (f), Osann (22), Littman (23), Koshiol (60) (m), Ji (65),
Turner (73)], the summary RR increased to 1.43 (95% CI = 1.33-1.55).

Subgroup analysis

The results of stratified analyses by smoking status, age, gender,
asthma latency, asthma ascertainment method and histology are pre-
sented in Figure 3. More details are given in the Supplementary
Table VIII, available at Carcinogenesis Online.

When considering ‘types of asthma assessment’, a clear difference
between summary RRs was observed. The RRs of LC were 1.62 (95%
CI = 1.21-2.16) and 1.44 (95% CI = 1.25-1.65) for asthma exposure
considered as hospitalized asthmatics and physician-verified diagno-
ses, respectively. Associations were weaker for exposure defined as
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ILCCO pooled analysis
RR [95% CI] cases [ controls
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men 1.27 [0.94 - 1.71] 11602/ 39278 —y—
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younger than 60
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<50 years 1.17[0.72-1.89] 337619078 1
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65 years or more 1.30(1.04-1.63] 8238/7216 —=—
SMOKING |
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1-2 vears ¥ 213(1.09-4.17) 15316719632 t
31 0vyears 1.13[0.79-1.62] 16277 /14575 —t
11 years or more 1.10(0.94 - 1.30] 16290/ 14478 e
TYPE OF ASTHMA
hospitalzied
physician disgnosed
self report: diagnosis
self report: symptoms
HISTOLOGY
sqCLC 1.69(1.26-2.26] 4779179502 —+—
SCLC 1.71[0.99-2.95] 1925777420 [ ¢
nonSCLC 1.35[0.78 - 2.33] 987768235 — "
LCLC 1.13[0.50-2.56] 532/64318 =1
adenocarcinoma 1.09[0.88 - 1.36] 6674 /79604 i*
0.1 1.0

RR (relative risk)

published studies
RR [95% Cl]

! 1.15[0.92- 1.44] 15 studies
[ 1.31(1.01-1.69] 15 studies

1.00 lo.sz -1.60] 7 studies
1.42[1.00-2.01] 7 studies

3 1.20(0.81-1.76] S studies
+ " 1.30(0.90- 1.87] 10 studies

117 [0.67 - 2.04] 7 studies
| 1.73(0.85-3.51] 3 studies

U 6.98(3.30-14.8] 2 studies
[ 1.29(0.62-2.69] 7 studies
| 1.44(1.05-1.97] 10 studies
U — 0.98[0.66 - 1.44] 10 studies
—— 1.62[1.21-2.16] 3 studies
e 1.44[1.25- 1.65] 10 studies
U 1.23[0.97 - 1.55| 17 studies
' 1.15(0.88 - 1.49] 13 studies

1.0 10.0
RR (relative risk)

Fig. 2. Subgroup meta-analysis. For some of the published studies, results from disjunctive subgroups (e.g. men and women) are reported. If so, subgroup estimates
were used instead of overall results. For this reason, the number of subgroup results included need not to sum up to total number of selected studies. For published
studies, asthma latency is defined as the minimal allowed latency by the design of a case—control study. Within the ILCCO pooled analysis, asthma latency was
calculated for each study participant. Age, age at LC diagnosis (cases) or interview (controls); latency: asterisk indicates latency of 0-2 years; smoking: non-smokers,
never- + former smokers + non-smokers (if so specified); ever smokers, former + current smokers + ever smokers (if so specified); heavy smokers, as defined in the
original publication; histology: sqCLC, squamous cell carcinoma; non-SCLC, all types of LC apart from SCLC; LCLC, large cell lung carcinoma.

self-reported asthma (RR = 1.23, 95% CI = 0.97-1.55) or as having
experienced asthma-like symptoms (RR = 1.15,95% CI = 0.88-1.49).

Only two of the published studies provided information for asth-
matics at a ‘minimal latency by design’ (here equally to ‘latency’) of
<1 year ((63): RR = 6.3 and (65): 6.98), both highly significant.
Similar to the observations in the ILCCO pooled analysis, this gives
the largest summary RR of 6.98 (95% CI = 3.30-14.86). In contrast,
the RR for asthmatics with a latency by design of 1-2 years was 1.29
(95% CI = 0.62-2.69) and was smallest for a latency by design of at
least 10 years (RR = 0.98, 95% CI = 0.66-1.44).

Age (at LC diagnosis or interview), sex and the considered outcome
parameter, type of controls and adjustment for smoking may addition-
ally explain some of the observed heterogeneity. We found an increased
risk associated with asthma over age 45 years (RR = 1.42, 95% CI =
1.00-2.01), but not if the study population was <60 years (RR = 1.00,
95% CI = 0.62-1.60). The pooled RR of women (RR = 1.31, 95% CI
= 1.01-1.69) was larger than that for men (RR = 1.15,95% CI = 0.92—
1.44). We did not observe clear evidence of effect modification by
smoking status in the published studies. However, the point estimate
of pooled RR in never-smokers was lower (RR = 1.20,95% CI = 0.81—
1.76) than that in heavy smokers (RR = 1.73, 95% CI = 0.85-3.51).

The RR for asthmatics to die from LC (mortality) is estimated as
RR = 1.12 (95% CI = 1.01-1.23) compared with RR = 1.31 (95%
CI = 1.15-1.49) for LC (incidence). The summary RR estimates for
cohort studies (RR = 1.39, 95% CI = 1.22-1.60) was larger than
those for case—control studies (RR = 1.20, 95% CI = 0.99-1.45).
Combined estimates of RRs that were controlled for smoking (base
on models adjusted or matched for smoking: RR = 1.22, 95%
CI = 1.06-1.41) were weaker than of unadjusted models (RR = 1.52,
95% CI = 1.34-1.73).

Meta-analysis of all studies

Based on all 52 studies with 59 reported RR estimates, the overall
estimate of a summary RR of LC associated with asthma was 1.28
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(95% CI = 1.16-1.41) (Figure 4). Significant heterogeneity between
the RR estimates of all studies was observed (Ppe < 0.001, I? =
73%). After removing those eight studies contributing the most het-
erogeneity [Vesterinen (19) (f), Osann (22), Brenner (56), Koshiol
(60) (m), Boffetta (64), Ji (65), Turner (73), Helmholtz lung cancer],
the heterogeneity reduced substantially with I? = 22% (P}, = 0.147).
In this reduced subset, a positive association remained present (RR =
1.24,95% CI = 1.16-1.34).

Meta-regression

The ‘best fitting regression model’ based on the backward selection
contained 13 covariates indicating that heterogeneity is not mainly
caused by a single source. Significant covariates included in the model
were other lung diseases (P < 0.001), a short latency period by design
(0-2 years before LC, P < 0.001), type of controls (P < 0.001), type
of controls within case—control studies (P <0.001-0.060), continent
(Asia: P < 0.007), asthma ascertainment (P = 0.008) and age (P =
0.015). Additionally, men only (P = 0.301) were included, albeit not
significant.

This model did not indicate a significant difference by study de-
sign (P = 0.811), but distinguished between published and ILCCO
studies (P < 0.001). The adjusted pooled RR for ILCCO studies was
RR = 1.29 (95% CI = 1.12-1.48), in contrast to those for published
studies of RR = 1.82 (95% CI = 1.67-1.98). More details of the
meta-regression analysis are given in the Supplementary Tables IV
and V, available at Carcinogenesis Online. A linear increase in RR
estimates over calendar time was observed (P < 0.001). Hereupon,
reporting bias was evaluated by decade and does not appear to ex-
plain the increasing RR with decade of study completion. To avoid the
linearity assumption, we fit the best fitting model again, having the
years of study report/completion categorized into decades (Figure 4).
For early studies, RR was not significant (RRj9¢0_1970 = 1.05, 95%
CI = 0.74-1.48) but thereafter, it steadily increased until the turn of
the century (RRZOO(LZO(M = 144, 95% CI = 130—160)
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Fig. 3. Forest plot of the association between asthma and LC risk: published studies. Gender-specific RRs were included if no overall results are available,
indicated as (m), male, and (f), female. Pooled, pooled RR according a random effects model; heterogeneity I2, percentage of inter-study heterogeneity; pooling all
studies: the following eight studies were removed to reduce heterogeneity: Vesterinen (19) (f), Osann (22), Brenner (56), Koshiol (60) (m), Boffetta (64), Ji (65),

Turner (73), HMGU.

Discussion

In this investigation into the effect of asthma on the risk of LC, we
considered study results from a pooled analysis of 16 studies and
combined it with 36 published studies identified through a compre-
hensive literature review, which produced a summary RR of 1.28
(95% CI = 1.16-1.41). The association remained when excluding
studies contributing to heterogeneity. However, the almost perfect
concordance between the ILCCO pooled analysis (RR = 1.27, 95%
CI = 1.03-1.58) and pooling published results (RR = 1.29, 95%

CI = 1.15-1.45) should not be considered as an outright confirma-
tion of findings because strong heterogeneity was indicated by inter-
study variability of 73%. Confronted with such large heterogeneity,
any estimate of a pooled RR for LC should be interpreted with
caution. We have conducted a thorough investigation of the sources
of heterogeneity and did not observe a single parameter that could
explain the majority of the heterogeneity. However, we found that
study period, histology and latency substantially contribute to het-
erogeneity as well as asthma ascertainment. Given that, we did
not observe associations when considering latency of >10 years
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STUDY (sex) RR [95% CI] heterogeneity
ILCCO studies
pooled (all studies) 1.27[1.03-1.58] 68% t
pooled (without excluded) 1.17 [1.02-1.35] 39% —t—
published studies
pooled (all studies) 1.29[1.15-1.45] 74% 497‘
pooled (without excluded) 1.43[1.33-1.55] 19% s
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I I I I T I
0.01 0.10 0.50 1.00 1.50 2.00

RR (relative risk)

Fig. 4. Forest plot of the association between asthma and LC risk: decade of study completion. Decade of study completion, RR estimate from the meta-regression
for a study completed within the specified decade and of the ‘reference design’ defined as a case—control study with controls from a European Caucasian
population of both sexes with mean age of 57 years, any type of smoking. Asthma should be assessed as self-reported diagnosis 3—10 years before the
manifestation of LC. The analysis of such a ‘reference study” was considered as adjusted for smoking but not for other lung diseases. Asterisk indicates excluded to
reduce between-study heterogeneity; Double asterisk indicates 95% CI reconstructed; pooled, pooled RR according a random effects model; heterogeneity

2, percentage of inter-study heterogeneity; pooling all studies: the following eight studies were removed to reduce heterogeneity: Vesterinen (19) (f), Osann (22),

Brenner (56), Koshiol (60) (m), Boffetta (64), Ji (65), Turner (73), HMGU.

after asthma diagnosis and that the association was weakest among
never-smokers, our findings provide evidence against a direct causal
association between asthma and LC risk.

One of the most remarkable findings within the meta-regression is
the difference between early and more recent studies, even adjusted
for several design and population factors. The possible explanations
include (i) studies investigating mortality were undertaken mainly
before 1980. But we also observed a lower RR in studies performed
during the 1980s (RR = 1.17, 95% CI = 1.05-1.32), all investigate
LC incidence. Such case definition is unlikely to cause this observa-
tion. (ii) The rate of asthma misclassification is lower in more recent
diagnoses of asthma. (iii) Decreases in asthma-related mortality,
attributable to improvements in asthma health care (e.g. invention
of the metered-dose inhaler), may have potentially increased the rate
of long-term risks, such as LC. However, the regular use of long-
acting beta-agonists of salmeterol has been shown to increase
asthma-related deaths in comparison with placebo (75). (iv) Chance
remains a possible explanation.

One major source of heterogeneity identified was ‘histology’. Con-
sidering the ILCCO pooled analysis, we found a positive association
between asthma and squamous cell LC (RR = 1.69, 95% CI = 1.26—
2.26) and SCLC LC (RR = 1.71, 95% CI = 0.99-2.95). In contrast to
the previous meta-analysis (16), we neither found a significantly
increased risk for adenocarcinoma within ILCCO studies (RR = 1.09,
95% CI = 0.88-1.36) nor within published studies (RR = 1.21, 95% CI
= 0.89-1.67). However, the number of informative studies assessed
was low (n = 9 of 34).

The actual exposure to active and passive smoking is difficult to
quantify and residual confounding may affect these subtype-specific
findings. Published studies unadjusted for smoking revealed a greater
RR estimate (RR = 1.52, 95% CI = 1.34-1.73, n = 11) than studies
adjusted for smoking (RR = 1.22, 95% CI = 1.06-1.41, n = 32).
Tobacco smoke was shown to be more strongly associated with SCLC
than with squamous cell LC and the least so with adenocarcinoma
(76,77). In the case of inadequate adjustment for smoking, RRs for
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SCLC and squamous cell LC would be expected to have the greatest
degree of bias and least for the observed weak association with
adenocarcinoma. On the other hand, if asthma is an independent risk
factor for LC, we would expect to see an association among never-
smokers and with adenocarcinoma. However, in both cases, the
observed association was weakest and statistically not significant.
Our results demonstrate that the main association was observed
among ever-smokers, which may be confounded by tobacco exposure
despite the attempts to adjust for smoking exposure in the statistical
analysis. Given that there has been a relative increase in adenocarci-
noma and a concurrent relative decrease in squamous cell LC over the
past several decades (78), one would expect a decreasing association
between asthma and LC over time, in particular, in consideration of
residual confounding. However, we observed the contrary. Conse-
quently, inadequate adjustment for smoking may act as confounder
in comparing histological subtypes, but it cannot be an explanation of
the observed time trend.

The time between asthma diagnosis and LC diagnosis was iden-
tified as another factor that affects the summary RR. In both meta-
analysis and pooled analysis, we found that the RR decreased with
increasing time since asthma diagnosis, although in published stud-
ies, the latency period should be regarded as a study design param-
eter (the minimal allowed latency at the time of recruitment). The
ILCCO pooled analysis revealed an RR of 2.13 (95% CI = 1.09-
4.17) for a latency period of <2 years, but little is known about the
risk within the first year. We know of only two published studies
providing information for which we calculated a summary RR
of 6.98 (95% CI = 3.30-14.78). However, LC does not appear
to be a long-term consequence from asthma since the pooled RR
in studies including asthma cases by a latency >10 years was
between 1.10 (ILCCO pooled analysis) and 0.98 (subgroup meta-
analysis of published studies). This stands in contrast to the previous
meta-analysis, which revealed a borderline significant increased
risk (RR = 1.8, 95% CI = 1.3-2.3), even for a latency of >20
years(16).
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Asthma is a chronic inflammatory disorder and it is assumed that an
insufficient anti-inflammatory response can lead to chronic inflamma-
tion and progress in tissue damage (13,79). If long-lasting chronic in-
flammation increases the risk of LC or acts as promoter in genesis of
cancer, we would expect to see a positive association despite the long
latency. On the contrary, our observation indicated that it is possible
that the association between asthma and LC can be partially explained
by the misdiagnosis of early LC symptoms as asthma. In addition, we
cannot exclude the possibility of reverse causality, said to take place
when an exposure is influenced by the early (subclinical) stages of the
disease of interest (80). Hence, the observations might alternatively be
explicable by an inflammatory immune response in a pre-diagnostic
stage of the cancer manifesting as asthma.

This investigation is strengthened by the large sample size (in total
585 444 individuals) and large number of exposed individuals within
the ILCCO pooled analysis, comprising 15 case—control studies and
1 cohort study. This also allowed us to perform some subgroup inves-
tigations among ever- and never-smokers. The respective comparison
with published studies adds as a further merit by limiting the impact of
reporting bias as we confronted the role of effect modifying factors on
the individual level (e.g. sex or age) and on the study/population level
(e.g. study design, asthma ascertainment or ethnicity). However, several
limitations should be taken into considerations.

First the definition of asthma varied between studies, ranging from
self-reported symptoms and verified physician-verified diagnosis to
hospital registry data. Questionnaire assessment of self-reported
asthma has been found to have satisfactory specificity (>94%) but
low sensitivity (~68%) (81,82). Thus, combining these studies
implies the combination of varying degrees of asthma severity (e.g.
hospitalized versus verified physician diagnosed) and implies expo-
sure misclassification (when self-reported) because mild or inactive
forms of asthma are less probably to be atopic or exhibit bronchial
hyperreactivity (83,84). Therefore, one can expect, that the estimated
RR decreases by weaker asthma case definition, a gradient for sever-
ity/misclassification as we could observe by subgroup meta-analysis
(hospitalized to self-reported symptoms: RR = 1.62 to RR = _1.15).

The definition of an asthma case may also have led to false classi-
fication of individuals suffering from other pulmonary diseases, e.g.
chronic obstructive pulmonary diseases (COPD) (23,53,85). Because
smoking is a strong risk factor for COPD (86,87), one would expect
a higher proportion of non-smokers beyond COPD free individuals as
we observed within non-asthmatic cases as in asthmatics with a long
latency. But beyond asthmatics with a short latency, the proportion of
never-smokers was almost equal between COPD and COPD free
cases, as far as we were able to rate this reliably (data not shown).
The complexity of this aspect is reflected in the so-called ‘Dutch
hypothesis’; accordingly, all airway diseases should be considered
as different expressions of a single malady (86-89). Analyzing the
ILCCO studies, we found the estimated RRs adjusted for other lung
diseases to be lower in general than unadjusted therefore, as reported
previously (52,60). However, it remains unclear, if such an adjustment
is necessary or leads to masking of effects, because all diseases should
be considered as components of the same etiological path of LC.

In all studies, LC cases were defined by a histologically confirmed
clinical diagnosis, but distribution of histological subtypes differed
with respect to sex, age and smoking behavior (6,90). Eight studies
focused solely on women, two on men and five on never-smokers.
Two were restricted to a certain histological subtypes. The proportion
of e.g. adenocarcinoma ranged from 11 (19) to 69% (17). The ques-
tion of representativeness of the ‘total’ case sample of all studies is
hence an obvious one. A pooled estimate for a RR of LC should
therefore be considered as a rough approximation, depending on the
weighting of more appropriate apposite estimates for specific subgroups
of LC cases.

Further limitations arise due to several sources of bias and con-
founding, e.g. the discrepancy between newly diagnosed and newly
developed cancer (Neyman’s bias) (80) or healthy worker effects
owing to asthma-related job seeking (91,92). Finally, competing
causes of asthma-related death, e.g. ischemic heart disease (93), or

Asthma and LC risk: a systematic investigation

influenza and acute bronchitis (94,95), particularly before a clinical
manifestation LC, may mask an increased risk (85,96).

The results can be considered from two perspectives. (i) Considering
asthma as an epiphenomenon of LC, one can start to monitor those being
newly diagnosed with asthma more intensively for LC; (if) understand-
ing the role of asthma in the etiology of LC. Some questions still cannot
be answered from the data available today, e.g. differences between
intrinsic and extrinsic asthma or the type of immune response causing
an increased LC risk with respect to histological subtypes of LC.

To sum up, we did not gain clear evidence to support the hypothesis
of an independent association between asthma and LC risk as the
observed associations can at least in part be explained by residual
confounding due to smoking and/or early symptoms/inverse causality.

For future studies, investigators may consider a better quantifica-
tion of the severity of asthma and the use of asthma medication.
A clear distinction between allergic and intrinsic asthma may clarify
the role of atopy. Measuring biomarkers that indicate the different
types of immune response may help to distinguish between subgroups
of exposed and unexposed asthmatics.

Supplementary material

Supplementary material, supplement, Figures S1 and S2 and Tables
I-VII can be found at http://carcin.oxfordjournals.org/.
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Literature search

PubMed search enquiry

((((("Hypersensitivity/classification"[Mesh] OR "Hypersensitivity/epidemiology"[Mesh] OR "Hypersensitiv-
ity/etiology"[Mesh] OR "Hypersensitivity/genetics"[Mesh] OR "Hypersensitivity/history"[Mesh])) OR ("Asth-
ma/classification"[Mesh] OR "Asthma/epidemiology"[Mesh] OR "Asthma/etiology"[Mesh] OR "Asthma/genetics"[Mesh]
OR "Asthma/history"[Mesh])) OR ("Inflammation/classification"[Mesh] OR "Inflammation/epidemiology"[Mesh] OR "In-
flammation/etiology"[Mesh] OR "Inflammation/genetics"[Mesh] OR "Inflammation/history"[Mesh])) AND ("Neo-
plasms/classification"[Mesh] OR "Neoplasms/epidemiology"[Mesh] OR "Neoplasms/genetics"[Mesh] OR "Neo-
plasms/mortality"[Mesh] OR "Neoplasms/prevention and control"[Mesh])) AND "Lung Neoplasms"[Mesh]

Criteria to be fulfilled by a study/report to enter the meta-analysis:

Sufficient study design (no serious methodical problems)

Considered asthma independent from other respiratory diseases (in particular: chronic bronchitis, emphysema, tu-
berculosis). However, asthma and hay fever (or any other atopic/allergic non-pulmonary disease) might be consid-
ered in co-occurrence.

Considered incidence or mortality of LC independent from cancer of other sites (i.p. overall cancer), except the
combination of lung and pleura.

Any available estimate of odds ratio (OR), relative risk (RR) or hazard ratio (HR).

No duplicate publication

Note: Studies not providing any smoking adjusted effect estimates (e.g. by matching or adjusting in the model) were not
excluded in order to compare adjusted and unadjusted estimates.

Rule of reconstructed se from confidence intervals if not reported:

if the 95%-CI was given: Se = (In(lowerCLM) —In(upperCLM))/4
if the 95%-CI was given, but the lower CLM=0: se = (In(OR/RR/HR) —In(upperCLM ))/2

if the 95%-CI is not given, but the cell-count of the contingence tables (a,b,c and d) are known (hence, the crude

OR/RR can be calculated): se = \/a‘1 +b '+t +d™!

if the 95%-ClI is not given, and only the number of cases and controls is known (a+b and c+d): se is the mean of all
se of tables compatible to the reported OR/RR point estimate.

if no 95%-CI but a p-value was reported: InOR was assumed to be normally distributed , and the respective se was
reconstructed.

if no 95%-CI but a p-value was reported as p<a: InOR was assumed to be normally distributed , and the respective
se was reconstructed inserting a as p.

if no 95%-CI but a p-value was reported as p<a: InOR was assumed to be normally distributed , and the respective
se was reconstructed setting p=0.75

2/14



Supplementary Figure 1: Flow diagram of literature search

Literature search
up to 27" October 2010

total hits: 197
32 reviews

Excluded
165 tud 1t ; i
study reports not addressing the associa-
| Inspecting titles, abstracts and key words » tion of lung cancer and
asthma
24 reviews
157  study reports
Tracmg references Excluded
| 8 study reports | | 8 reviews | 8 reviews

| total hits: 74 study reports |

I - Excluded*
| Inspecting total article | 47 study report

Personal communication®
1 study reports

Included in analysis
36 study reports

*... exclusion criteria: asthma not considered, asthma not considered separately, lung cancer not consid-
ered, lung cancer not considered separately, methodological problems (improper analysis, inappli-
cable controls), no RR estimates provided, no study at all

& .. Koshiol 2009
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Description of ILCCO studies

Supplementary Table I: General information of study samples (ILCCO-studies)

Study Total
ceneratinformeton ucLA HMGU ce o WSUKCL WSUK hawaii  Toronto LLP Mayo  NELCS Nyms M@ ycsF mskcc  pbcHs N %
Case or control
control 1,043 7,103 2,702 124 571 1,183 591 940 953 2,271 251 4,939 558 903 102 55,489 79,723 79%
case 594 620 2,609 120 527 1,001 624 445 475 5,620 267 5,104 408 407 101 818 19,740 19%
case, LC within 2 year after
asthma diagnosis 14 41 24 7 8 6 76 9 29 2 17 7 240 <1%
Asthmay/n
no 1,448 3,950 5,088 228 909 2,022 1,073 575 1,061 7,335 444 92 912 1,118 161 54,474 80,890 81%
yes 203 222 238 13 196 157 146 144 165 632 83 370 56 207 35 1,840 4,707 4%
unknown 3,592 9 3 5 4 672 202 9,610 2 7 14,106 14%
Country of resistance/birth
EUR-west 7,764 1,428 968 10,160 10%
EUR-north 56,314 56,314 56%
EUR-east 5,335 5,335 5%
ASIA 244 244 <1%
AM-north 1,651 1,105 2,184 1,223 1,391 7,967 527 10,072 1,327 203 27,650 27%
Ethnicity
not recorded 2 18 163 13 196 1 5 398 <1%
White/Caucasian 993 7,764 5,335 823 1,509 468 962 1,410 7,340 503 8,984 968 57 162 56,314 93,592 93%
Hispanic or Latino 274 8 14 41 4 114 437 10 902 <1%
Black/African-American 198 257 629 64 940 831 12 2,931 2%
Asian 132 244 5 8 447 174 1 76 1 31 2 14 1,135 1%
Native American 8 2 6 243 17 276 <1%
Other 44 10 92 4 7 2 2 161 <1%
Hawaiian 308 308 <1%
Total 1,651 7,764 5335 244 1,105 2,184 1,223 1,391 1,428 7,967 527 10,072 968 1,327 203 56,314 99,703 100%
all 2% 8% 5% 0,2% 1% 2% 1% 1% 1% 8% 1% 10% 1% 1% 0,2% 56%
CC only 4% 18% 12% 1% 3% 5% 3% 3% 3% 18% 1% 23% 2% 3% 0,5% 43,398 44%

DDCHS: all participants assigned as white by definition
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Supplementary Table 11:Age, Sex and LC-histology

Sex histology of LC
Study T ot_he(s / squamous cell ad_eno-
otal men women Age missing LC SCLC LCLC carcinoma non-SCLC
N % N % N % N Mean Min Max N % N % N % N % N % N %

UCLA control 1,043 1% 624 59% 419 40% 1,043 49.9 17 65

case 608 <1% 302 49% 306 50% 608 52.3 33 59 86 14% 96 15% 60 9% 116 19% 250 41%
HMGU control 7,103 7% 3,351 47% 3,752 52% 7,103 414 25 54

case 661 <1% 417  63% 244 36% 661 45.0 22 50 41 6% 131 19% 188 28% 15 2% 225 34% 61 9%
CE control 2,702 2% 2,012 74% 690 25% 2,702 60.0 25 86

case 2,633 2% 2,058 78% 575 21% 2,633 60.2 28 80 448 17% 1,137 43% 389 14% 71 2% 586 22%
NCI-China control 124 <1% 81 65% 43 34% 124 54.8 22 80

case 120 <1% 77  64% 43 35% 120 54.7 23 78 120 100%
WSU/KCI-2 control 571 <1% 571  100% 571 59.4 30 74

case 534 <1% 534  100% 534 60.0 27 74 88 16% a7 8% 12 2% 302 56% 85 15%
WSU/KCI-1 control 1,183 1% 502 42% 681 57% 1,183 46.9 18 84

case 1,001 1% 497  49% 504 50% 1,001 50.0 17 84 271 27% 150 14% 99 9% 83 8% 377 37% 21 2%
Hawaii control 591 <1% 380 64% 211 35% 591 65.5 31 84

case 632 <1% 405 64% 227 35% 632 65.7 31 80 165 26% 146 23% 78 12% 22 3% 221 34%
Toronto control 940 <1% 384 40% 556 59% 940 54.1 20 85

case 451 <1% 211 46% 240 53% 451 63.3 26 84 114 25% 77 17% 32 % 27 5% 156 34% 39 8%
LLP control 953 <1% 575 60% 378 39% 953 64.6 44 83

case 475 <1% 288 60% 187 39% 475 66.8 38 85 46 9% 164 34% 58 12% 3 <1% 153 32% 49 10%
Mayo control 2,271 2% 1,148 50% 1,123 49% 2,271 65.1 18 99

case 5,696 5% 3,179 55% 2,517 44% 5,696 65.7 17 97 689 12% 1,287 22% 608 10% 132 2% 2,378 41% 602 10%
NELCS control 251 <1% 103 41% 148 58% 251 61.0 31 74

case 276 <1% 124  44% 152 55% 276 61.8 37 74 55 19% 64 23% 34 12% 9 3% 80 28% 32 11%
NYMS control 4,939 4% 2,903 58% 2,036 41% 4,939 60.4 24 83

case 5,133 5% 3,138 61% 1,995 38% 5,133 60.6 29 83 2,174 42% 1,121 21% 271 5% 250 4% 1,314 25%
Italy/Genoa control 558 <1% 408 73% 150 26% 558 57.4 19 94

case 410 <1% 347  84% 63 15% 410 66.0 42 93 123 30% 107 26% 5 1% 18 4% 156 38%
UCSF control 903 <1% 421 46% 482 53% 903 63.4 28 95
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case 424 <1% 202 47% 222 52% 424 63.8 26 90 107 25% 83 19% 34 8% 14 3% 141 33% 45 10%
MSKCC control 102 <1% 42 41% 60 58% 102 62.1 39 87

case 101 <1% 20 19% 81 80% 101 65.2 37 93 20 19% 76 75% 2 1%
DDCHS control 55,489 55% 26,422  47% 29,067 52% 55,489 56.2 50 65

case 825 <1% 417  50% 408 49% 825 58.0 50 65 132 16% 169 20% 132 16% 22 2% 259 31% 106 12%
total control 79,723 79% 39,356  49% 40,367 50% 79,723 55.6 17 99

case 19,980 20% 11,682 58% 8,298 41% 19,980 61.1 17 97 4,679 23% 4,780 23% 1,989 9% 795 3% 6,674 33% 1,042 5%
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Supplementary Table I11:

Smoking

Smoking type

Study Total never former current ever Pack years Age start smoking

N % N % N % N % N % N NMiss Mean Min Max N NMiss Mean Min Max

UCLA control 1,043 1% 471 45% 317 30% 255 24% 1,042 1 9.7 0 95 1,043 0 100 0 56
case 608 <1% 108 17% 141 23% 359 59% 608 0 312 0 153 608 0 136 0 45

HMGU control 7,103 7% 5,055 71% 837 11% 1,211 17% 6,900 203 5.4 0 170 7,103 0 4.9 0 48
case 661 <1% 55 8% 118 17% 488 73% 642 19 272 0 92 661 0 147 0 29

CE control 2,702 2% 909 33% 776 28% 1,010 37% 7 <1% 2,702 0 182 0 144 2,702 0 128 0 69
case 2,633 2% 211 8% 502 19% 1,919 72% 1 <1% 2,633 0 350 0 152 2,633 0 17.0 0 58

NCI-China  control 124 <1% 50 40% 74 59% 124 0 16.6 0 105 124 0 126 0 45
case 120 <1% 46 38% 74 61% 120 0 183 0 93 120 0 13.0 0 44

WSU/KCI-2 control 571 <1% 280 49% 183 32% 108 18% 566 5 128 0 116 571 0 8.9 0 40
case 534 <1% 51 9% 169 31% 314 58% 529 5 424 0 168 534 0 152 0 45

WSU/KCI-1 control 1,183 1% 685 57% 163 13% 333 28% 2 <1% 1,177 6 6.6 0 98 1,183 0 7.2 0 45
case 1,001 1% 395 39% 7% 7% 526 52% 4 <1% 972 29 212 0 140 1,001 0 9.6 0 35

Hawaii control 591 <1% 225 38% 271 45% 95 16% 588 3 228 0 180 591 0 116 0 50
case 632 <1% 4 6% 263 41% 325 51% 615 17 56.5 0 190 632 0 163 0 55

Toronto control 940 <1% 465 49% 260 27% 155 16% 60 6% 878 62 125 0 257 940 0 9.2 0 50
case 451 <1% 157 34% 145 32% 132 29% 17 3% 430 21 310 0 240 451 0 112 0 55

LLP control 953 <1% 274 28% 439 46% 240 25% 953 0 1838 0 118 953 0 126 0 47
case 475 <1% 20 4% 188 39% 267 56% 474 1 431 0 252 475 0 163 0 63

Mayo control 2,271 2% 830 36% 1,441 63% 2,213 58 221 0 171 2271 0 119 0 55
case 5,696 5% 753 13% 4,943 86% 5,537 159 434 0 208 5,696 0 157 0 56

NELCS control 251 <1% 93 37% 126 50% 32 12% 243 8 17.0 0 151 251 0 109 0 41
case 276 <1% 13 4% 107 38% 156 56% 272 4 528 0 200 276 0 15.0 0 44

NYMS control 4,939 4% 1,858 37% 1,901 38% 1,179 23% 1 <1% 4,931 8 219 0 224 4,939 0 118 0 65
case 5133 5% 281 5% 1,875 36% 2,977 57% 5,125 8 501 0 335 5,133 0 16.6 0 69

Italy/Genoa control 558 <1% 241 43% 185 33% 131 23% 1 <1% 558 0 179 0 153 558 0 102 0 60
case 410 <1% 48 11% 168 40% 193 47% 1 <1% 410 0 523 0 216 410 0 148 0 39

UCSF control 903 <1% 375 41% 279 30% 247 27% 2 <1% 903 0 141 0 240 903 0 104 0 45

7/14



Smoking type

Study Total never former current ever Pack years Age start smoking

N % N % N % N % N % N NMiss Mean Min Max N NMiss Mean Min Max

case 424 <1% 62 14% 137 32% 225 53% 424 0 312 0 270 424 0 145 0 36

MSKCC control 102 <1% 91 89% 11 10% 95 7 0.0 0 3 102 0 2.8 0 50
case 101 <1% 94 93% 7 6% 101 0 0.0 0 1 101 0 1.8 0 40

DDCHS control 55,489 55% 19,745 35% 15,132 27% 20,612 37% 55,111 378 149 0 417 55,489 0 121 0 61
case 825 <1% 39 4% 97 11% 689 83% 824 1 339 0 354 825 0 163 0 40

total control 79,723 79% 31,647 39% 20,869 26% 25608 32% 1,599 2% 78,984 739 147 0 417 79,723 0 112 0 69
case 19,980 20% 2,377 11% 3,986 19% 8,570 42% 5,047 25% 19,716 264 414 0 354 19,980 0 155 0 69

never smokers... less than 100 cigarettes in their lifetime or with less than 1 pack year ™: former smokers... quit more than one year before the interview, ever smokers... former + current smokers.
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Meta analysis

Supplementary Figure 2: Meta-analysis of all studies: Galbraith radial plot and funnel plot
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Supplementary Figure 3: Meta-analysis of published studies: Galbraith radial plot and funnel plot
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Supplementary Figure 4: Meta-analysis of ILCCO studies: Galbraith radial plot and funnel plot
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Comments:

Galbraith plots show the discrepancies between the four largest studies (Ji 2009, Boffetta 2002, Versterinen 1993(m) and
Turner 2005). Definition of asthma ascertainment acts as a potential explanation, since Ji and Boffetta investigated hospital-
ized asthma patients, Vesterinen investigated physician diagnosed asthma and Turner investigated self-reported asthma.

The outstanding finding of the HGMU study is shown in the Galbraith plot of the ILCCO studies.

Egger’s test within published studies (see funnel plot) indicates reporting bias, where RRs of smaller studies tent to be small-
er.



Meta regression

Supplementary Table 1V: Meta regression (best fix effects model): regression parameter and rela-
tive risk (RR) estimates

regression model RR
(scaled for INRR) if only effect differs from reference®
Co-variable
reg ress(ig;%"’grl’;‘meter p-value RR (95%-Cl) p-value
largest model (24 co-variables) AIC: 78.9
Published unknown 151(1.17-1.96) 0.003
no (ILCCO study) -0.272 (-0.589 to +0.045) 0.090 1.32(1.07-1.63) 0.012
yes +0.550 (+0.176 to +0.925) 0.005 1.73(1.19-2.52) 0.005
best fitting model (13 co-variables)* AIC: 63.8
Published unknown 153(1.41-1.66) <0,001
no (ILCCO study) -0.345 (-0.502 to -0.189) <0,001 129(1.12-1.48) 0.001
yes +0.597 (+0.510 to +0.684) <0,001 1.82(1.67-198) <0,001
Age -0.017 (-0.031 to -0.004) 0.015
rear of publication \ study comple- o0 5010 -0.012 (-0.017 to -0.007) <0,001
Latency (design) / 1-5 years -0.572 (-1.033 t0 -0.112) 0.016 1.03(0.64 - 1.65) 0.916
case-control studies
Qﬂgﬁgﬂ;ﬁ;gther yes -0.403 (-0.592 to -0.213) <0,001 1.21 (1.00 - 1.48) 0.053
Type of cases mortality -0.385 (-0.477 to -0.293) <0,001 1.24(1.12-1.36) <0,001
'C‘;;Z”gn(ggfgﬂyes >5 years -0.298 (-0.436 to -0.160) <0,001 1.35(1.15-1.58) 0.000
Sex men -0.268 (-0.785 to +0.248) 0.301 1.39(0.82-2.36) 0.216
Type of asthma assessment self report symptoms -0.208 (-0.359 to -0.057) 0.008 148(1.25-173) <0,001
Type of controls hospital control +0.197 (-0.008 to +0.402) 0.059 2.21(1.74-2.81) <0,001
Type of controls other/mixed +0.358 (+0.172 to +0.543) 0.000 2.60(2.11-3.20) <0,001
Asia +0.486 (+0.140 to +0.833) 0.007 2.96 (2.08-4.21) <0,001

Country

*......A backward selection of co-variables was performed (exclusion criterion: lowest absolute effect size). The best fitting model is defined as those with the
smallest AIC (Akaike's information criterion)

$.....As “reference design” (standard study design described by the considered co-variables) we defined: A case-control study with controls from a European
Caucasian population of both sexes with mean age of 57 years, any type of smoking. Asthma should be assessed as self reported diagnosis 3 to 10
years before the manifestation of lung cancer. The analysis of such a “reference study” was considered as adjusted for smoking and reported in 2010.
Thus the co-variable “published yes/no” is included in the model RR is estimated as the mean of “published” and “unpublished”. All deviations from this
reference design were considered as dichotomous co-variables, apart from age and year.



Sub-group analysis

Supplementary Table VV:Subgroup analysis in ILLCO-studies

Count Studies Association* Homogeneity
Sub group included

studies excluded OR (95%.CI) p-value Q 12 p-value

Sex men 14 all 1.27 (0.94-1.71) 0.105 35.60 63% <.001
12 without: - HVIGU, 1.09 (0.89-1.32) 0387 1537 28%  0.166

women 16 all 1.23(1.00-1.52) 0.007 29.68 49% 0.013

15 without HMGU 1.17 (0.99-1.38) 0.059 19.80 29% 0.137

Age <50 12 all 1.17(0.72-1.89) 0.502 33.96 68% <.001
11 without HMGU 0.96 (0.74-1.25) 0.759 8.70 0% 0.561

50-57.5 14 all 1.04 (0.81-1.32) 0.765 16.52 21% 0.222

57.5-65 14 all 1.26 (0.95-1.68) 0.063 18.59 30% 0.136

65 or older 14 all 1.30(1.04-1.63) 0.024 15.19 14% 0.296

Smoking type never 15 all 1.17 (0.92-1.48) 0.135 2157 35% 0.088
former 12 all 1.19(0.94-151) 0.139 16.82 35% 0.113

current 10 all 1.33(0.91-1.94) 0.068 25.66 65% 0.002

8 without gELA' 159 (1.09-2.33) 0007 1222 43% 0094

Bronchitis, no 2 all 0.91(0.03-24.8) 0.773 1.18 16% 0.276
Emphysema, COPD yes 13 all 0.79(0.64-0.97) 0.029 14.97 20% 0.243
Other lung no 2 all 0.86 (0.05-13.5) 0.609 0.06 0% 0.809
diseases yes 14 all 0.92(0.77-1.10) 0.228 1591 18% 0.254
Asthma: age of onset  0-12 years 9 all 1.14(0.83-1.57) 0.374 11.06 28% 0.198
13-19 years 4 all 1.01(0.38-2.69) 0.978 257 0% 0.463

20++ years 12 all 1.26 (1.05-1.51) 0.016 18.88 42% 0.063

Type of asthma extrinsic 2 all 1.40 (0.08 - 25.3) 0.381 0.30 0% 0.582
intrinsic 8 all 0.79(0.29-2.15) 0.422 1.84 0% 0.399

Histology LCLC 5 all 1.13(0.50 - 2.56 ) 0.703 6.38 37% 0.172
nonSCLC 7 all 1.35(0.78-2.33) 0.177 11.39 47% 0.077

SCLC 11 all 1.71(0.99-2.95) 0.052 30.53 67% <.001

10 without HMGU 1.45(1.03-2.04) 0.037 11.87 24% 0.221

sqCLC 14 all 1.69(1.26-2.26) 0.002 37.01 65% <.001

12 wiimL e, 1.45(1.16-1.81) 0002 1641 33%  0.127

UCLA

adenocarcinoma 15 all 1.09(0.88-1.36) 0.407 29.22 52% 0.010

14 without HMGU 1.03(0.87-1.21) 0.746 12.31 0% 0.503

Latency 0-2 years 8 all 2.13(1.09-4.17) 0.033 25.90 73% <.001
7 without HMGU 1.68(1.01-2.79) 0.046 7.63 21% 0.267

3-10 year 10 all 1.13(0.79-1.62) 0.367 14.26 37% 0.113

11 or more 9 all 1.10(0.94-1.30) 0.194 7.84 0% 0.449

Topography main 2 all 1.08 (0.00 — 997) 0.910  0.00 0% 0.993
NOS 2 all 1.21(0.10-14.2) 0.501 0.11 0% 0.742

lower lobe 2 all 2.22(0.10-48.0) 0.188 081 0% 0.368

middle lobe 2 all 2.29(0.01- 965) 0.332 0.28 0% 0.597

upper lobe 2 all 1.16 (0.09 - 14.4) 0.590 0.00 0% 0.947

*... according the random effects model; Q: Cochran’s Q; [ percentage inter-study variability
OR...Odds ratio; 95%-Cl... 95% confidence interval, Q: Cochran’s Q, I2...percentage of inter-study variability



Supplementary Table VI:

Subgroup analysis in ILLCO-studies: Never-smokers

Count Association Homogeneity
Sub-group included
studies OR (95%.Cl) p-value Cochran’s Q 12 p-value

smoking never 13* 1.17(0.92-1.49) 0.180 14.20 15% 0.288
Sex men 9 1.32(0.83-2.10) 0.209 8.29 3% 0.406

women 12 1.15(0.89-1.48) 0.247 11.64 5% 0.391
Age <50 10 1.27 (0.85-1.90) 0.206 6.67 0% 0.672

50-57.5 6 0.98 (0.50-1.90) 0.930 4.37 0% 0.497

57.5-65 8 1.39(0.69-2.78) 0.302 6.04 0% 0.535

65 or older 10 1.14 (0.80-1.63) 0.412 6.71 0% 0.667
BEC no 2 1.05 (0.00 - 882) 0.938 2.60 62% 0.107

yes 6 1.41 (0.42-4.70) 0.496 8.06 38% 0.153
Other LD no 1 0.62 (0.17-2.26) 0.594

yes 10 1.23(0.71-2.15) 0.412 13.73 34% 0.132.
Asthma: age of 012 years 5 1.19(0.53-2.69) 0.589 6.91 42% 0.141
onset 20++ years 9 1.18 (0.88 - 1.60) 0.231 6.85 0% 0.552
Type of extrinsic 2 1.21(0.02-94.8) 0.672 0.03 0% 0.862
asthma intrinsic 2 1.23(0.02-80.7) 0.645 0.17 0% 0.680
Latency 0-2 years 2 4.26 (0.02- 794) 0.176 0.31 0% 0.577

3-10 years 5 1.81 (0.90 - 3.66 ) 0.079 1.87 0% 0.759

11 years or more 6 1.02 (0.59-1.75) 0.937 10.51 52% 0.062
Histology adenocarcinoma 10 1.05(0.78-1.40) 0.728 7.99 0% 0.569

*_..three studies were excluded because of low number of observations. NCI-China, Hawaii, LLP and NELCS
OR...Odds ratio; 95%-Cl... 95% confidence interval, I2...percentage of inter-study variability



Supplementary Table VII:

Sub-group analysis of published studies

n

sub group reported RR p-value OR (95%.Cl) p-\(/gl)ue 12
used
design parameters
Study design case control 24 0.057 1.20(0.99-145) <.001 60%
cohort 19 <.001 1.39(1.22-1.60) <.001 82%
Outcome parameter incidence 37 <.001 1.31(1.15-1.49) <.001 69%
mortality 6 0.039 1.12(1.01-1.23) 0.391 4%
Type of controls Sl control 6 0.002 1.52(1.28-1.82) <.001 85%
hospital control 4 0.100 1.45(0.88-2.38) 0.124 48%
other control 5 0.020 1.60 (1.13-2.27) 0.865 0%
population control 28 0.034 1.19(1.01-1.39) 0.001 53%
adj. fo_r other adjusted 4 0.844 0.95(0.44-2.04) 0.004 78%
lung disease unadjusted 39 <.001 1.36(1.22-151) <.001 2%
adj. for sex or age adjusted 35 <.001 1.32(1.17-1.50) <.001 75%
unadjusted 8 0.673 1.09 (0.69-1.70) 0.001 73%
adj. for smoking adjusted 32 0.008 1.22(1.06-141) 0.001 49%
unadjusted 11 <.001 152(1.34-1.73) <.001 76%
main parameters
LC main type SCLC 4 0.233 1.91(0.48-7.55) 0.015 71%
adenocarcinom 9 0.193 1.21(0.89-1.67) 0.081 43%
non-adenocarcinom 16 0.012 1.24(1.06-1.45) 0.040 42%
squamous CLC 7 0.083 1.18(0.97-1.44) 0.940 0%
other cell types 5 0.072 1.73(0.93-3.22) 0.466 0%
Restricting asthmato ... asthma only 5 0.015 1.26 (1.07-1.47) 0.059 56%
atopic 2 0.121 0.73(0.34-1.58) 1.000 0%
Type of asthma hospitalized 3 0.019 1.62(1.21-2.16) 0.011 78%
assessment verified physician diagnosis 10 <.001 144(1.25-165) 0.062 45%
self report: diagnosed 17 0.085 1.23(0.97-1.55) 0.011 49%
self report: symptoms 13 0.275 1.15(0.88-1.49) 0.043 44%
Minimgl latency not specified 25 <.001 1.33(1.19-1.49) <.001 62%
by design within first years 2 0.019 6.98 (3.30-14.78) 0.952 0%
1-2 years 7 0.421 1.29(0.62-2.69) <.001 95%
3-10 years 10 0.030 144 (1.05-1.97) 0.003 64%
11 years ore more 10 0.908 0.98(0.66-1.44) 0.009 59%
Asthma prevalence -4% 7 0.108 1.37(0.91-2.06) 0.063 50%
4%-8% 7 0.031 1.32(1.03-1.68) 0.594 0%
8%++ 4 0.385 1.30(0.57-2.99) 0.030 66%
personal characteristics
Sex men 15 0.197 1.15(0.92-1.44) <.001 64%
women 15 0.043 1.31(1.01-1.69) <.001 62%
Age older than 45 7 0.052 1.42(1.00-2.01) 0.149 37%
younger than 60 7 0.980 1.00 (0.62-1.60) 0.093 45%
Ethnicity Asia 2 0.141 2.08 (0.26 - 16.96) 0.861 0%
Caucasian 23 <.001 1.37(1.20-157) <.001 68%
mixed 18 0.007 1.11(1.03-1.19) 0.058 37%
Smoking heavy smokers 3 0.080 1.73(0.85-3.51) 0.966 0%
ever smokers 7 0.528 1.17 (0.67-2.04) <.001 85%
non-smokers 10 0.146 1.30(0.90-1.87) 0.036 50%
never smokers 5 0.269 1.20(0.81-1.76) 0.700 0%

OR...Odds ratio; 95%-Cl... 95% confidence interval, Q: Cochran’s Q, I2...percentage of inter-study variability,
non-smokers... never + former smokers, ever smokers... former + current smokers,
heavy smokers ... as defined in the original study
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