Université d’Ottawa  University of Ottawa



FACULTE DES ETUDES SUPERIEURES FACULTY OF GRADUATE AND
ET POSTDOCTORALES POSTDOCTORAL STUDIES

TURNER, Michelle Catherine

AUTEUR DE LA THESE - AUTHOR OF THESIS

GRADE - DEGREE

Department of Epidemiology and Community Medicine
FACULTE, ECOLE, DEPARTEMENT - FACULTY, SCHOOL, DEPARTMENT

TITRE DE LA THESE - TITLE OF THE THESIS

Allergy and Cancer: Analysis of the American Cancer Society Cancer
Prevention Study II Prospective Cohort

Yue Chen / Daniel Krewski

DIRECTEUR DE LA THESE - THESIS SUPERVISOR

EXAMINATEURS DE LA THESE - THESIS EXAMINERS

LE DOYEN DE LA FACULTE DES ETUDES SIGNATURE *7 DEAN OF THE FACULTY OF GRADUATE
SUPERIEURES ET POSTDOCTORALES AND POSTDOCTORAL STUDIES



ALLERGY AND CANCER: ANALYSIS OF THE AMERICAN CANCER SOCIETY

CANCER PREVENTION STUDY II PROSPECTIVE COHORT

by

MICHELLE CATHERINE TURNER

Thesis submitted to the
Faculty of Graduate and Postdoctoral Studies
in partial fulfillment of the requirements for the degree of

Master of Science
in

Epidemiology

Department of Epidemiology
Faculty of Medicine
University of Ottawa

March, 2004

©Michelle Catherine Turner, Ottawa, Canada, 2004



Library and
Archives Canada

Bibliothéque et
* Archives Canada
Direction du
Patrimoine de I'édition

Published Heritage
Branch

395 Wellington Street

395, rue Wellington
Ottawa ON K1A ON4

Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 0-494-01623-X
Our file  Notre référence
ISBN: 0-494-01623-X
NOTICE: AVIS:

L'auteur a accordé une licence non exclusive
permettant a la Bibliotheque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par I'Internet, préter,
distribuer et vendre des theses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,
publish, archive, preserve, conserve,
communicate to the public by
telecommunication or on the Internet,
loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protége cette these.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canada

Conformément a la loi canadienne
sur la protection de la vie privée,
guelques formulaires secondaires
ont été enlevés de cette these.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.



ABSTRACT

The presence of allergy may reduce cancer risk. Literature searches identified 142
epidemiological studies on this association. Data from the American Cancer Society
Cancer Prevention Study-1I cohort were used to explore the relationship between self-
reported asthma and/or hay fever and cancer mortality in 508 318 men and 483 079
women who were cancer-free at baseline. During 18 years of follow-up from 1982-2000,
there were 44 524 cancer deaths in men and 36 567 in women. Cox proportional hazards
models were used to obtain adjusted relative risks for overall cancer mortality and for
cancer mortality at 12 sites. There was approximately a 10% reduction in overall cancer
mortality among people with asthma and hay fever. Asthma and/or hay fever were also
associated with a reduced risk of cancer at a number of other sites, and some of the

associations were modified by gender and smoking status.
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INTRODUCTION

Cancer is a major threat to population health. It is currently the second leading
cause of death in Canada and the United States'™. In the year 2003, it is estimated that
139 900 new cases of cancer and 67 400 deaths from cancer will occur in Canada®. Lung
cancer and colorectal cancer are responsible for the largest number of cancer deaths in the
Canadian population, followed by prostate cancer in men and breast cancer in women®.
Recently, overall cancer mortality rates have been seen to decline. Since 1988, the age-
standardized all cancer death rate has decreased by 12% in men and 13% in women (lung
cancer excluded)’. This decrease has been attributed to a number of factors including
improved screening practices, improved treatments, and changes in individual behaviors®.
A decline in cancer mortality rates has not been observed at all sites. Significant
increases in the mortality rate were noted between 1991 and 1999 for melanoma and non-

Hodgkin’s lymphoma in men, and lung cancer in women".

Cancer researchers have attempted to describe a role for various biological,

lifestyle, and environmental factors in cancer development, including a potentially

7

important role for the immune system ~'. The concept of immune surveillance, first

proposed almost a century ago, suggests that the immune system is continuously

searching for and destroying tumor cells as they arise 89

Although historically
controversial, recent scientific advancements have led to renewed interest in immune

surveillance theory’.
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Evidence for the immune surveillance theory in humans derives from the
observation that those who are immunosuppressed exhibit a higher incidence of
malignancy’'!. The infiltration of developing tumors by various immune cells and the
immune system evading behaviour of tumors further strengthens the evidence for this
theory’. Certain groups may possess an enhanced capacity for immune surveillance.
Specifically, it has been suggested that those with a history of allergy, in particular atopic
disorders (allergic asthma, allergic rhinitis, and atopic dermatitis), may display enhanced

immune competency and an enhanced capacity for immune surveillance'*™".

It has been commonly assumed that the atopic immune response offers little
benefit to individuals'®. Recently, it has been argued however, that an atopic immune
system may offer a valuable evolutionary advantage'®.  Although at this time,
understanding of the role of the immune system in cancer development remains unclear,
there have been some intriguing findings, which support a generalized protective effect of
an allergic history on cancer development. These findings support possible roles for
natural killer (NK) cells, cytokines, IgE, histamine and eosinophils in modulating cancer

risk.

A review of the current epidemiological evidence indicates that the relationship
between allergy and cancer remains conftroversial. A number of early case-control
studies examining the association between allergy and cancer of all sites have reported a

17-21

negative association . Other early case-control studies reported either no association

or an increased cancer risk in relation to an allergic history”>*°. The majority of these

i1



carly studies are hospital-based, and are limited by very small sample sizes, lack of

control for potential confounders, or possible selection biases.

Suggestions of a possible relationship between allergy and cancer have been
examined in 26 cohort studies and 116 other cancer site-specific case-control studies.
Unfortunately, many of these cohort studies also have little control for confounding and
mvolve small numbers of cancer cases. Additionally, no comprehensive review of these

studies exists upon which to base conclusions and future research efforts.

Objectives

The overall objective of this thesis is to examine the association between allergy
and cancer. The specific objectives are as follows:
(1) to conduct a detailed literature review of previous studies exploring the relationship
between allergy and cancer;
(2) to perform a thorough analysis of American Cancer Society — Cancer Prevention
Study I (ACS — CPS 1I) data to examine the association between a history of asthma
and/or hay fever and overall and site-specific cancer mortality; and
(3) to develop and offer new insight into the possible relationship between allergy and
cancer, taking into account possible biological mechanisms that may contribute to such

an association.
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Research Questions

This thesis will address these specific research questions:
(1) Do previous epidemiological studies indicate an association between allergy and
overall cancer occurrence or cancer at specific sites?
(2) Is a history of allergy (as measured by asthma and/or hay fever) associated with
overall or site-specific cancer mortality in the ACS — CPS II cohort?
(3) How is the association between a history of allergy and overall or site-specific cancer
mortality modified by cigarette smoking status or age at baseline in the ACS-CPS 1I

cohort?

Significance of Proposed Study

This investigation of cancer mortality among individuals with allergic disorders is
an important area of study. Specifically, it is important to clarify previous conflicting
reports on the association between allergy and cancer. It is also important to further
understand the role of the immune system in cancer development, and how this may

relate to allergy.

This thesis has the potential to contribute to this area through both the literature
review and the analysis of a large dataset. A comprehensive literature review on the
subject of allergy and cancer has, to my knowledge, never been published. Although

several limited reviews exist, a lack of detail and non-inclusion of a large proportion of
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previous studies limit their contributions. The analysis of the ACS — CPS 1I data will
address many of the limitations of previous studies. It will not only offer the largest
sample size of any study conducted to date, it is one of only a few prospective cohort
studies with the ability to control for numerous potential site-specific covariates that may
modify or confound the effects of allergic status during analysis, and affords an

opportunity to examine multiple cancer sites.

Outline of Thesis

This thesis is composed of 5 chapters. Following this introductory chapter, the
second chapter provides a review of previous studies that have examined the relationship
between a history of allergy and cancer occurrence. The methods used to identify
previous studies are described, followed by a summary of previous findings organized by
cancer site. A discussion of the difficulties associated with ascertaining allergic status in
epidemiological studies i1s also provided. The third chapter describes the dataset and
methods used for the data analysis. Chapter 4 presents the results of the data analysis by
cancer site. Chapter 5 integrates the findings of the literature review and data analysis.
Potential biological mechanisms that may motivate an association between allergy and
cancer are also explored. Directions for further work based on this research are also

suggested.
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LITERATURE REVIEW

Methods

Literature searches were conducted using the MEDLINE and Biological Abstracts
databases through to September 2003, and the CancerLIT database through to October
2002. Articles which explored a personal history of allergic disorders as a risk factor for

cancer were identified through this search.

MeSH headings were used when searching the MEDLINE and CancerLIT
databases. The MeSH headings of “Hypersensitivity” and “Neoplasms™ were selected,
with subheadings of “Hypersensitivity, Immediate”, “Neoplasms by Histologic Type”,
and “Neoplasms by Site” exploded. A free-text search was also performed in all
databases using the following keywords: “allerg$”, “atop$”, “hypersensitiv$”, “asthma$”,

33 66, 29 (19 33 (13

“hay fever”, “rhinitis”, “conjunctivitis”, “eczema”, “dermatitis”, “hives”, “urticaria”,

22 e 39 46 1Y

“angioedema” or “skin test”, combined with “cancer”, “tumor”, “tumour”, “malignan$”,
“neoplasm$”, “carcinoma”, “leukemia”, “leukaemia”, “lymphoma”, “myeloma”,
“hodgkin”, “glioma”, and “risk”. The Boolean operator OR was used to independently
group allergic terms and cancer terms. The Boolean operator AND was used to group
allergic, cancer, and risk search terms. The search was restricted to human studies and

papers written in English. Case reports and descriptive studies were excluded. Additional

studies were identified by manually searching reference lists and communicating with an
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investigator working in the area. Only the most relevant article was included when there

were multiple publications on the same study.

Studies were categorized by cancer site and study design. Overall and subgroup
results were examined, while taking into account possible study limitations including
sample size, control for confounding, exposure measurement, and other methodological
issues. Relative risks were rounded to one decimal place. All standardized mortality
ratios (SMR) and standardized incidence ratios (SIR) were converted to base one hundred

for consistency.

Results

A total of 142 epidemiological studies were identified, including 26 cohort studies
and 116 case-control or cross-sectional studies that evaluated some aspect of the
association between a history of allergy and cancer occurrence. A summary of these
studies organized by cancer site can be seen in Appendix 1. The studies took place in the
United States, Canada, China, Japan, Korea, Australia, New Zealand, Brazil, Venezuela,
Kuwait, and throughout Burope. Studies evaluating this association have been conducted
for approximately five decades. A variety of study populations, study designs, and

exposure measures have been used.

Al Cancers
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A number of early case-control and cross-sectional studies were conducted that
evaluated the association between a history of allergy and the occurrence of all cancer

. 7-24:26-32
combined ! .

Many of these studies were summarized by Vena et al. 2 The
majority of these early studies reported an inverse association between allergy and cancer
of any type. These early studies were primarily hospital-based, and suffer from
limitations of very small sample sizes, a lack of control for potentiai confounders, or
possible selection biases.

The results from early cohort studies were not consistent 1433-37

. Many of these
studies have little or no control for possible confounders and involve small numbers of
cancer cases. Several large cohort studies have recently examined this association. A
large record linkage study of 64 346 people treated in hospital for asthma in Sweden
found significantly reduced risks for all cancers (SMR = 66, 95% confidence interval (CI)
= 64-68) and for site-specific cancers *°. Another large cohort study linked 77 952 people
in the Finnish Social Insurance Institution register who had received reimbursement for
asthma medication with the Finnish Cancer Registry’”. A total of 3 842 cancer cases
were observed, along with a significantly increased risk for all cancer in men with asthma
(SIR = 112, 95% CI = 107-117) but not women (SIR = 103, 95% CI = 98-107). Both of
these large record linkage studies were unable to control for individual level covariates in
analysis. Mills et al. 0 evaluated the association between a history of allergy and cancer
in a cohort of 34 198 Seventh-Day Adventists. A total of 1 102 cases of cancer were

observed. No association was reported between a history of any allergy (hazard ratio

(HR) = 1.1, 95% CI = 0.9-1.4 1n men, HR = 1.0, 95% CI = 0.8-1.2 in women), asthma
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(HR = 0.8, 95% CI = 0.5-1.3 in men, HR = 1.0, 95% CI = 0.7-1.3 in women), or hay
fever (HR = 1.1, 95% CI = 0.8-1.4 in men, HR = 1.2, 95% CI = 0.9-1.4 in women) and
the occurrence of any type of cancer. The remaining cohort studies revealed no

444 including three

significant associations between allergy and all cancer occurrence
prospective studies utilizing skin testing as an indicator of allergic status 13459 Overall,

the studies conducted to date provide no clear evidence that an allergic history is

associated with overall cancer occurrence.

Lung Cancer

Several case-control studies which did not control for smoking found a
significantly decreased risk for lung cancer associated with a history of allergy or
asthma*™'. Since smoking is a major risk factor for lung cancer, adequate control for
smoking is critical. All population-based case-control studies that evaluated the
association between a history of asthma and lung cancer in non-smokers reported
elevated odds ratios (OR)**™*. Increased risks of lung cancer in asthmatics were also

reported in many cohort studies that controlled for smoking history ***%**%%¢ byt not all

40;57

Recently, a meta-analysis combining previous asthma and lung cancer studies was
published **. A combined odds ratio of 1.8 (95% CI = 1.3-2.3) resulted from previous
case-contro! studies that evaluated lung cancer risk in never smokers. A relative risk of

1.7 (95% CI = 1.3-2.2) was found when combining the results for all case-control and
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cohort studies that controlled for smoking history in the analysis. It was concluded that

asthmatics are at increased risk of lung cancer.

There are no consistent results for asthma associated with lung cancer subtypes.
Wu et al. *° found that the risk of adenocarcinoma was not associate(i with asthma in
women (OR = 1.0, 95% CI = 0.5-2.1). FElevated odds ratios were reported for
adenocarcinoma and other histological types of lung cancer in nonsmoking women with a
history of asthma by both Alavanja et al. > ? and Wu et al. *. Osann et al. ® reported an
increased risk for small cell lung cancer in relation to a history of asthma (OR = 4.8, 95%
CI = 1.0-22.8) in women. In a prospective study of 92 986 asthmatics in Sweden, a
significant increase in risk was noted in both males and females for squamous cell
carcinoma (SIR = 206, 95% CI = 184-230) and small cell carcinoma (SIR = 234, 95% CI
= 160-331), but not for adenocarcinoma (SIR = 106, 95% CI = 87-127)°'. In a Finnish
record linkage study, a significant increase in risk was noted for adenocarcinoma (SIR =
146) and squamous cell carcinoma (SIR = 117), but not for small cell carcinoma (SIR =

103), among individuals with a history of asthma®®.

Age at diagnosis of asthma may affect the association between asthma and lung
cancer. One study showed a significant increase in risk of lung cancer among those with
an asthma diagnosis at or prior to 20 years of age (OR = 2.0, 95% CI = 1.1-3.6), and with
a lapse of 11 to 20 years since first diagnosis of asthma (OR = 3.0, 95% CT = 1.1-8.3)*.
Both Brenner et al. * and Kallen et al. *® however, reported significantly increased risks

for lung cancer within 1-5 years of an asthma diagnosis only.
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Pancreatic Cancer

Population-based case-control studies have generaliy reported no association
between a history of asthma and pancreatic cancer risk '2°** The results from cohort
studies are less consistent. Kallen et al. reported a significant decrease in the risk of
pancreatic cancer among asthmatics (SMR = 64, 95% CI = 55-75). Vesterinen et al. >
reported a reduced risk for men (SIR = 88, 95% CI = 67-113) but not women (SIR = 101,
95% CI = 80-124) with asthma. Mills et al. ® reported no association between a history
of asthma and pancreatic cancer mortality in the Seventh-Day Adventist cohort (RR =
0.9, 95% CI = 0.2-3.4). One cohort study examining risk in male smokers reported a
two-fold increase in pancreatic cancer risk associated with a history of asthma .

Overall, there appears to be no strong evidence to suggest an association between a

history of asthma and pancreatic cancer.

All four previous studies that evaluated hay fever in relation to pancreatic cancer
risk reported a reduction in risk '#%*%%7 A large population-based case-éontroi study
reported a significant protective effect of hay fever on pancreatic cancer risk (OR = 0.6,
95% CI = 0.5-0.9) ®*. Mills et al. ® reported a reduced risk of pancreatic cancer mortality
in relation to a history of hay fever (RR = 0.7, 95% CI = 0.2-1.9). Dai et al. 12 reported
an odds ratio of 0.3 (96% CI = 0.1-1.4) in a population-based case-control study in China,
and Jain et al. " reported an odds ratio of 0.5 (95% CI = 0.2-1.3) in a Canadian case-

control study. The most recent case-control study, which did not use any proxy data,
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reported a significant 20% reduction in risk for pancreatic cancer among those with an
allergy to plants %% This study also reported numerous other reduced risks for pancreatic
cancer in relation to various allergic conditions, allergies to specific substances, and

allergic symptoms 68

. A significant decreasing exposure-response relationship was also
found with increasing number of allergies as well as increasing severity of symptoms.
Overall, previous studies have indicated a protective effect of hay fever on pancreatic

cancer. Although various other associations with pancreatic cancer have been tested,

they are difficult to interpret due to variability in exposure measurement between studies.

Neoplasms of Lymphatic and Hematopoietic Tissue

A number of previous studies have evaluated the association between a history of
allergy and the risk of non-Hodgkin’s lymphoma, Hodgkin’s disease, leukemia, or

multiple myeloma.

Non-Hodgkin’s Lymphoma (NHL)

Briggs et al. ® recently evaluated the association between a history of allergy and
NHL. Inconsistent results were reported across studies examining specific allergies, such

as allergies to food or insect stings®. Case-control studies have also provided conflicting

70-75

results on the risk of NHL in association with eczema . However, suggestions of an

increased risk for NHL in relation to a history of hives have been reported in a number of

14;69;70,72;76

studies , with relative risks ranging from 1.2 to 9.3.
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Although case-control studies have generally reported reduced risk estimates for
NHL in association with a history of asthma or hay fever '°">™*"  few prospective
studies have addressed these associatibns. Unstable risk estimates were reported in three
prospective studies with few cases'>'**. Of the two remaining larger cohort studies, one
reported no association with asthma in men (SIR = 94, 95% CI = 63-136) or women (SIR
=103, 95% CI = 72-141) *°, and the other reported a significantly reduced risk for NHL
in asthmatics (SIR\ = 61, 95% CI = 51-74) **. Notably, one case-control study that
evaluated the risk for NHL in HIV positive men found a significantly decreased risk for

NHL among those with an allergy to grass, hay, leaves, plants, and pollen ”’.
Hodgkin's Disease

There is no convincing evidence to support an association between a history of

allergy and Hodgkin’s disease. All cohort studies involve very small numbers of cases

33138 Virtually all case-control studies, with the exception of those conducted by

175

Vineis et a and McKinney et al. ”°, showed no significant association between

7% McKinney et al. 7 reported Hodgkin’s

Hodgkin’s disease and history of allergy
disease to be positively associated with a history of eczema (OR = 1.9, 95% CI = 1.2-
3.0), but reported no association with a history of allergies. Vineis et al. reported a
significantly reduced risk for Hodgkin’s disease with a history of hay fever (OR = (.5,
95% CI = 0.3-0.8) but not eczema (OR = 0.7, 95% CI = 0.4-1.3) or allergies (OR = 0.9,

95% CI=0.5-1.4).
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Leukemia

In adults, in remains unclear whether a history of allergy is. associated with
leukemia. The majority of case-control studies are relatively small in size, few are
population-based, and results have not been consistent. As well, few cohort .studies have
evaluated leukemia as an outcome. Two cohort studies were based on very small

1314 Kallen et al. *® reported a

numbers of cases and the results are not presented here
significantly decreased risk of leukemia in asthmatics (SMR = 55, 95% CI = 45.9-66.4).
Vesterinen et al. > also reported reduced risks for leukemia in male (SIR = 76, 95% CI =
52-108) and female asthmatics (SIR = 86, 95% CI = 61-118). Upon stratification by type
of leukemia, a significantly reduced risk for chronic lymphatic leukemia (CLL) was
observed (SIR = 59, 95% CI = 35-93). In the study of Seventh-Day Adventists, Mills et

al. *° reported mixed non-significant results for leukemia in relation to a variety of

indicators of allergic status.

Few consistent or significant findings have been reported in case-control studies

of acute lymphatic leukemia (ALL)73 84:85

or chronic myeloid leukemia (CML) in adults
7585 The risk of CLL was inversely associated with hay fever (OR = 0.5, 95% CI = 0.2-
1.0), eczema (OR = 0.7, 95% CI = 0.3-1.5), hives (OR = 0.7, 95% CI = 0.3-1.6), drug
allergy (OR = 0.6, 95% CI = 0.4-1.0), and allergy to insect stings (OR = 0.6, 95% Cl =
0.3-1.4) but not with asthma (OR = 1.1, 95% CI = 0.5-2.6), in a large hospital-based

study *®. An inverse dose-response relationship was also reported between CLL and
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number of allergic conditions *. McKinney et al. > reported an odds ratio of 0.7 (95%
CI = 0.5-1.1) for CLL in relation to a history of allergies in a hospital-based study in

England. No significant association between the risk of CLL and a history of hay fever,

eczema, or asthma was reported in an American hospital-based study 7.

The only
population-based study to examine such an association reported a significantly increased
odds ratio of 3.9 for CLL in men in relation to a history of eczemé ¥ Case-control
studies by Severson et al. 8 and McKimney et al.  both reported a significantly reduced
risk of acute myeloid leukemia (AML) in relation to a history of allergy. Severson et al.
8 also noted an inverse relationship between AML and number of allergies. The finding
of a protective effect of allergy on risk for AML has not however, been replicated in

subsequent case-control studies ',

A protective effect of allergies has been reported in studies of childhood
leukemia. Wen et al. °° found reduced risks for ALL in children in relation to a variety of
allergic conditions, as well as an inverse relationship between ALL and number of
allergies. Nishi et al. ! reported a significantly reduced risk for childhood ALL of the
non-T cell type in relation to a history of atopy (OR = 0.3, 95% CI = 0.1-0.8). A 60%
reduction in risk for childhood leukemia was associated with a history of previous

92

hospitalization for allergic disease “°. A large case-control study of childhood leukemia

in Germany also reported significantly decreased risks for ALL in children associated

with a history of allergies and atopic conditions *°.

Multipie Myeloma
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Overall, little evidence exists for a relationship between allergy and multiple
myeloma with the majority of studies reporting no association ****"57>**1% " Williams et
al. '%° restricted cases to light chain myeloma and found no association with a history of
allergy. A large case-control study by Lewis et al. 12 evaluated the risk of multiple
myeloma by immunoglobulin subtype. Although no overall association was found with a
range of allergic conditions, significantly increased risks for IgG myeloma in whites were
associated with a history of eczema (OR = 2.1, 95% CI = 1.1-4.2) and any ‘allergic
condition’ (OR = 1.6, 95% CI = 1.1-2.3) 102 Another study examining risk factors for
multiple myeloma by immunoglobulin type reported no association with a history of
allergy 100 An increasing risk for multiple myeloma with increasing number of allergies
was reported by Bourguet et al. % the results however, were non-significant and based on

a very small number of cases.

Other

A doubling in risk for Classical Kaposi’s sarcoma was observed in asthmatic
individuals infected with Kaposi’s sarcoma-associated herpes virus (KSHV) ', An
increased risk of Classical Kaposi’s sarcoma was also observed amongst KSHV infected
males with a history of allergy (OR = 2.6, 95% CI = 1.2-5.8), but not in females (OR =
0.1, 95% CI = 0.0-2.8) 106 Inconsistent results have been reported between a history of

allergy and mycosis fungoides '71%,
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Brain Cancer

Case-control studies have consistently reported a protective effect of allergy on
the occurrence of glioma. An early study reported a 40% reduction in risk for
glioblastoma among those who had ever received treatment for allergies or allergy
shots'®.  Subsequently, a large international case-control study coordinated by the
International Agency for Research on Cancer examined various potential risk factors for
brain cancer in adults in eight centers ''°. Upon pooling of the data, inverse associations
were found between risk of glioma and a history of any allergic disease (OR = 0.6, 95%

CI = 0.5-0.7), asthma (OR = 0.8, 95% CI = 0.6-1.0), eczema (OR = 0.6, 95% CI = 0.5-

0.9), and other allergies (OR = 0.6, 95% CI = 0.5-0.7) 10 Recently, two other large case-

111;112 111

control studies reported similar results Brenner et al. reported inverse
associations between glioma and various allergy measures, including a history of any
allergy (OR = 0.7, 95% CI = 0.5-0.9), asthma (OR = 0.6, 95% CI = 0.4-0.9), and a
chemical allergy (OR = 0.2, 95% CI = 0.1-0.9), but not hay fever (OR = 1.0, 95% CI =
0.7-1.4). Wiemels et al. 12 reported a 50% reduction in risk for glioma in relation to a
history of any allergy. Significantly reduced risks were also noted with specific allergies
and allergic symptoms. A significant trend in risk was also noted, with risk decreasing as
the number of allergies increased. The only prospective study of the risk of glioma was
based on the Swedish Twin Registry. A protective effect of allergies on glioma risk was
reported in a cohort of same gender twins bom between 1886 and 1925 (HR = 0.4, 95%

CI=0.2-1.1)'". Allergies were associated with a reduced risk for high grade (HR = 0.4,

95% CI = 0.1-1.9) but not low grade glioma (HR = 2.6, 95% CI = (.9-7.8) in a cohort of
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113

same gender twins born between 1926 and 1958 Although this is the only
prospective study to date, it includes only a small number of brain cancer cases with a

history of allergy. The cohort study by Kallen et al. 3% found a reduced risk of tumors of

the ‘eye and nervous system’ among asthmatics (SMR =75, 95% CI = 64-88).

No significant association has been reported between meningioma and a history

HOHEHE - The Swedish Twin Registry study

of allergy in previous case-control studies
reported a doubling in risk for meningioma among those with any allergic condition '"°.
Significantly increased risks were noted in the study by Brenner et al. "1 for acoustic

neuroma in association with hay fever (OR = 2.4, 95% CI = 1.4-4.0), allergy to food (OR

=3.0, 95% CI = 1.1-8.5), and allergy to other substances (OR = 3.8, 95% CI = 1.4-10.0).

Reproductive Cancers

The association between a history of allergy and reproductive cancer has received
less attention. Overall, no clear evidence exists for an association between a history of
allergy and ovarian, cervical, breast, prostate or testicular cancer. However, there is
relatively strong and consistent evidence of a protective effect of asthma on uterine

cancer.

An early study noted an inverse relationship between allergies and gynecologic

5

cancers in females ">, Mills et al. ** reported an 87% reduction in the risk of ovarian

cancer in relation to a history of reaction to poisonous plants, as well as a significant
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inverse relationship with number of allergies. No other significant associations were
found between ovarian cancer and other allergy measures in this study. Kallen et al. **
reported a reduction in the risk of ovarian cancer in asthmatics (SIR 52, 95% CI = 42-63).
All other studies have reported no association between ovarian cancer and atopy, asthma,

19;32;39
or hay fever .

Previous case-control studies have reported no association between a history of
allergy, asthma, or hay fever and uterus cancer 032 However, all previous cohort studies
reported reduced risks of uterus cancer in relation to a history of asthma. Kallen et al. 3
reported a SMR of 36 (95% CI = 28-46) for cancer of the corpus uterus and 58 (32-104)
for uterus, NOS (not otherwise specified) in those hospitalized for asthma. Mills et al. *°
reported hazard ratios for endometrial cancer of 0.7 (95% CI = 0.2-1.8) in asthmatics and

1.5 (95% CI = 0.9-2.5) in those with hay fever. Lastly, a SIR of 76 (61-92) was reported

for corpus uterus cancer in asthmatics in a large record linkage study 9,

Kallen et al. *® reported a significantly reduced risk of cervical cancer in
asthmatics (SMR = 52, 95% CI = 39-69). Vesterinen et al. % reported a reduced (non-
significant) risk for cervical cancer (SIR = 80, 95% CI = 58-108) in asthmatics. A case-
control study reported a significantly reduced risk of cervical cancer in association with a
history of hives (OR = 0.6), but not asthma or hay fever 32 Recently, a tripling in risk for
cervical cancer was reported in those with eczema, although this was considered to be

6

likely of the non-atopic type and thus represented an immune deficiency 116 The same

study also reported no association between a history of hay fever and cervical cancer.
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A reduction in the risk of breast cancer in asthmatics by nearly half was reported
in a case-control study by Ghadirian et al. '"’. Kallen et al. *® also reported a reduction in
risk of a similar magnitude in individuals diagnosed with asthma in Swedish hospitals.
However, Talbot-Smith et al. ”’ reported no association between asthma (HR = 1.1, 95%
CI = 0.5-2.6) or hay fever (HR = 0.9, 95% CI = 0.5-1.7) and breast cancer risk in the
1981 Busselton cohort. A clinic-based study reported a SIR of 250 (95% CI = 101-516)

for atopic subjects

. The results of this study are, however, based on few cases in a
select population, and are not adjusted for important covariates. Vena et al. 3 reported no
association between breast cancer risk and a history of asthma or hay fever, but did report
a significant reduction in risk in relation to a history of hives (OR = 0.7). Reductions in
risk for breast cancer with a history of allergy were also reported in two other small case-

19;30

control studies . All remaining studies reported no association between a history of

allergy and breast cancer risk '**%.

A S-year cohort study in Japan reported an elevated risk of prostate cancer among
those with asthma (RR = 22.8, 95% CI = 5.5-94.7) M8 The results were, however, based
on only 10 cases and were subject to potential biases related to screening or hospital-
based recruitment. A larger population-based cohort study also reported an increased risk
for prostate cancer among those with asthma (HR = 1.9, 95% CI 1.0-3.6) and no
association with hay fever (HR = 1.1, 95% CI1 0.6-2.0) . A sub-cohort of participants in
this study who were also skin-prick tested demonstrated a significantly increased risk of

prostate cancer among those with allergy to house dust mites (HR = 2.9, 95% CI = 1.3-
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6.7) 7. The remaining cohort studies that evaluated the risk for prostate cancer in
relation to a history of allergy reported no association, with the exception of the study by

Kallen et al. *® who reported a SMR of 72 (67-78) '#7%#2%4

Kallen et al. *® reported an inverse association between asthma and testicular
cancer (SMR = 37, 95% CI = 16-85). Swerdlow et al. 9 reported increased risks for
testicular cancer in relation with a history of atopy (OR = 1.8, 95% CI = 1.1-3.1), hay
fever (OR = 2.6, 95% CI = 1.2-5.6), eczema (OR = 3.1, 95% CI = 1.0-10.0) and asthma
(OR = 1.7, 95% CI = 0.8-3.6). All remaining studies that examined testicular cancer and

L 3712050
allergy reported no association 121l

Other Cancers

Few other specific cancer sites have received much study. Overall, the
association remains unclear for most of the remaining cancer sites. However, asthma has

been frequently related with an increased risk of bladder cancer.

A large case-control study reported an odds ratio of 0.8 (95% CI = 0.6-1.0) for
colorectal cancer in relation to a history of allergic conditions 122 A prospective study by
Talbot-Smith et al. °’ also recently reported reduced relative risk estimates for colorectal
cancer in association with a history of asthma or hay fever, although none were
significant. The remaining cohort studies evaluated colon and rectal cancer separately 3

%0 Although some significant findings were observed, these results were inconsistent.
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Kallen et al. ** reported a reduced risk for both colon (SMR = 72, 95% CI = 65-79) and
rectal cancer (SMR = 59, 95% CI = 52-68) in asthmatics. Mills et al. * reported no
association between a history of asthma or hay fever and colon cancer, but a reduced risk
for rectal cancer in relation to a history of asthma (HR = 0.6, 95% CI = 0.1-2.3) and hay
fever (HR = 0.8, 95% CI=0.3-1.7). Vesterinen et al. ¥ reported a significantly increased
risk for rectal cancer in women with asthma (SIR = 142, 95% CI = 117-169) but not in
men. No association was reported between asthma and colon cancer. All remaining
case-control studies reported no significant associations, however some negative non-

. .. 23-
significant associations were observed 123-126

Elevated risks were reported for esophageal and gastric cardia adenocarcinomas
in asthma patients by Ye et al. 27 Both Vena et al. ** and Mills et al. *° reported no
association between asthma or hay fever and stomach cancer. In a larger prospective
study, Vesterinen et al. 39 reported a SIR of 85 (95% CI = 71-100) for stomach cancer in
men and 91 (95% CI = 77-107) in women with asthma. Kallen et al. *® reported a 50%
reduction in risk for stomach cancer in asthmatics. A small case-control study reported a
40% reduction in risk for esophageal cancer in those with a history of allergy™’. Lastly,
Dai et al. '*® also reported inverse associations between a history of various allergies and

esophageal cancer.
The association between a history of allergies and medullary thyroid carcinoma

was evaluated in a pooled analysis of 14 international case-control studies '*. A

doubling in risk was found for medullary thyroid carcinoma in those with a history of
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allergies Other studies evaluating the relation between thyroid cancer and allergy

have reported inconsistent results °%*!,

An early study noted that a history of allergy was associated with an increased
risk of bladder cancer in men (OR = 1.7), but a reduced risk in women (OR = 0.3) '*%,
Urothelial cancer was positively associated with a history of allergic asthma (OR = 3.1,
95% CI = 1.4-6.8), but not allergic dermatitis (OR = 0.8, 95% CI = 0.4-1.6) or allergic
thinitis (OR = 0.9, 95% CI = 0.5-1.6) ', A significantly increased risk for bladder
cancer in asthma patients has also been reported by Vesterinen et al. * in men (SIR =
125, 95% CI = 100-150) but not in women (SIR = 90, 95% CI = 60-128). Lastly, Kim et
al. 1** reported an odds ratio of 4.2 (95% CI = 1.6-10.8) for bladder cancer among those
with a history of asthma. An increased risk was seen in asthmatics with the glutathione
S-transferase-[mu] (GSTM1) (OR = 9.2, 95% CI = 2.3-37.8) or glutathione S-transferase-

[theta] (GSTT1) (OR = 19.2, 95% CI = 2.3-160.1) null genotypes.

Summary

Although many studies have suggested a relationship between a history of allergy
and cancer occurrence, it is difficult to draw conclusions between allergy and cancer at
many sites due to insufficient evidence or a lack of consistency both within and among
studies completed to date. It is clear, however, that the nature of the relationship depends
on the cancer site studied. Protective effects of allergy have been reported for pancreatic

cancer, glioma, and uterine cancer. Conversely, lung cancer and bladder cancer are
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positively associated with asthma. No association was noted in our review between

allergy and multiple myeloma or all cancers combined.

A number of important methodological issues are apparent in previous studies. A
discussion of methodological considerations including exposure assessment,

confounding, and bias, is now presented.
Measurement of Allergy

An important problem in ascertaining an accurate history of allergy in
epidemiological studies is differentiating between disorders that are allergic in origin and
other conditions that exhibit similar symptomology; such as difficulties in distinguishing

54;135;136

between asthma and various smoking-related lung diseases Similarly, the

etiology of conditions such as asthma, eczema, or urticaria is variable, involving a

137;138 For

number of immunological and non-immunological factors, including allergy
example, asthma development in childhood likely has an allergic mechanism; however,
adult-onset asthma does not. The misclassification of allergic status could affect the
direction of observed associations between allergy and cancer risk. The vast majority of
previous studies use self-reported history of allergic conditions for measurement of
allergy. Relatively few questionnaires that have attempted to measure a history of allergy

have been validated. Validating asthma and eczema-related questionnaires is particularly

difficult due to the absence of a universally accepted definition of these conditions.
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In adults, physician-diagnosed asthma questions are preferable to symptom-based

questions or questions asking if they have ever had the disease, as they demonstrate high

136139

reliability, specificity, and positive predictive values This is of importance in

order to limit false positives in etiological studies in which the prevalence of asthma is

36

fairly low ! The combination of more objective diagnostic measures such as a

bronchial hyperresponsiveness test or exercise test in conjunction with questionnaire

responses does not appear to improve asthma classification accuracy in population-based

studies of adults or children M0144,

A questionnaire using “physician-diagnosed hay fever” has also been validated

3% This physician-diagnosed hay fever question resulted in the most accurate diagnosis

9
B39 A score-based

among different questions assessing a history of hay fever
questionnaire to distinguish between allergic rhinitis and other similar conditions has also
been validated, and found to demonstrate improved sensitivity but reduced specificity as
compared to the “physician-diagnosed” questions discussed above 133,

A study validating a questionnaire for hand eczema reported that in a population-
based sample, asking if the participant has/had eczema, resulted in a high specificity and
sensitivity '*>.  When inguiring about eczema-related symptoms, however, agreement

between the participant and dermatologist was poor, leading to the conclusion that these

types of questions were not appropriate for population-based studies s,
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Little is known about the accuracy of reporting of lifetime allergic history.
Possible reporting differences may exist based on recentness or severity of allergic
symptoms. A study evaluating consistency of respiratory questionnaire responses after a
four year period found that the concordance of reporting of current asthma was only

76.6%, likely due to variability in symptom presentation '*

One study validating a
questionnaire for atopic dermatitis reported that those most likely to be classified as false
negatives were those with mild symptoms 17 Similarly, the low to moderate sensitivities
found for physician-diagnosed asth£na can also be attributed to underdiagnosis in those

with mild symptoms not seeking medical consultation 139,

Studies using registries of
hospital discharge codes or allergy medication history may have studied select
populations, as the registries covered only those whose symptoms were severe enough to

. 38;39
require treatment™ .

Following a detailed symptom history, measurement of specific IgE antibodies
through skin testing or a radioallergosorbent test (RAST) could be pérforrned in order to
confirm allergic status. In case-control studies, however, such information from cases
may be affected by the developing cancer %8 In large cohort studies, moreover, this
technique may not always be feasible. Another concern with the use of such biological

information is the potential modifying effects of gender or cigarette smoking status 68;148-

150 Obtaining a history of other atopic conditions and assigning allergic status when a
history of other atopic disorders exists has also been suggested in order to reduce

misclassification . For example, a list of criteria for use in epidemiological studies to

improve discrimination between atopic dermatitis and other similar conditions that are
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not allergic in nature was created '*’. Three of the five criteria must be present in order to
classify an individual as having atopic dermatitis of which one-is “a personal history of

14
asthma or hay fever” '/,

lSigniﬁcant trends in cancer risk in relation to allergy and
cancer have been reported, with the risk of cancer decreasing as the number of allergies
increases ‘UOBBEBRINI2 A Hossible reason for this is that the accuracy of classification of
individuals into allergic versus non-allergic categories is impro?ed as those reporting a

greater number of allergies are more likely to truly be allergic. However, in case-control

studies, it could also result from a positive bias in the reporting of allergies by cases.

Another mmportant issue related to exposure assessment is the use of proxy
respondents for children or for those with highly fatal cancers. A high confirmatory rate
(98%) of parental reporting of physician-diagnosed asthma in children was previously
reported °'.  Good agreement between parental reporting of asthma and medical records
for children one to thirteen years of age was found for asthma occurrence within the past
year (91%) and lifetime asthma occurrence (87%) 1521t has been suggested that a proxy

effect is likely, however, in parents reporting allergic symptoms ">

In adults, few studies have attempted to assess the accuracy of proxy respondents
in reporting prior medical history. Linet et al. '>* measured agreement in reporting of

medical history, including allergy, between interview data and medical records in self and

154

proxy respondents ~. No improvement in accuracy was seen in self as opposed to proxy

respondents. Another study evaluated the concordance of reporting of medical history in

surrogate respondents for those who had died five years prior to the initial interview .
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It was suggested that detailed information regarding medical history may need to be

155;156

confirmed through medical records when using proxy respondents Obtaining a

second source of medical information has also been suggested to improve accuracy of

7

medical history 157 Few studies have attempted to determine if an effect due to

112
L

respondent type exists. Wiemels et 2 noted consistently stronger protective effects of

a history of allergy and glioma risk with proxy respondents versus self-respondents.
However, an opposite effect was seen in some pancreatic cancer studies o °.
Schwartzbaum et al. ' examined the effect of proxy respondents in case-control studies
of glioma risk. Odds ratios were found to decrease across studies as the number of proxy
respondents increased (Pearson correlation coefficient = -0.9, 95% CI = -1.0 to -0.6).
The possibility of reporting bias in cases due to pre-clinical cognitive impairment in these
studies is also difficult to assess. Given these potential source of bias, as well as the
distinct possibility for recall bias in case-control studies due to underreporting of minor

allergies, the findings from large prospective studies would be particularly useful as these

potential sources of bias would be minimized.

Other Issues

In addition to concerns about measurement of allergy, there are other important
methodological issues in studies of allergy and cancer. The majority of the earlier studies
did not take into account important covariates such as age, sex, and smoking which may
modify or confound the association between allergy and cancer. Cigarette smoking status

is a particularly important factor for a number of reasons. Smoking is an important risk
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factor for cancer at many sites. Those with asthma or allergy may be less likely to smoke
due to an exacerbation of respiratory symptoms '%**_ As well, greater misclassification
of asthma may occur, particularly in studies using symptom-based questionnaires, in
those who smoke as symptoms of other chronic respiratory diseases may mimic those of
asthma. Socio-economic status is another important factor that has not often been taken

into consideration. Socio-economic status has been associated both with allergy %%

and with cancer occurrence and survival '®%'®

, and may represent an important
confounder. Other important site-specific cancer risk factors have only been considered

by the most recent studies.

Symptoms of certain developing malignancies may be mistaken as being allergic
in origin, and may result in misdiagnosis and misclassification of allergy. For example,
symptoms similar to asthma have been expressed in those with tumors of the respiratory
tract, leukemia, and NHL 166-173, Similarly, eczema in adulthood has been reported as a

presenting sign in those with lymphoproliferative malignancies, mycosis fungoides 1THITS,

. - 176
and pancreatic carcinoma .

This could produce a positive bias because of the greater
number of cancer cases reporting previously diagnosed allergic symptoms. The influence
of excluding cases with recent allergic diagnoses has not been subject to in-depth
examination. In lung cancer studies, a reduction in risk estimates has been seen when

excluding those with an asthma diagnosis 1-5 years prior to cancer diagnosis 2882

Another potential source of bias relates to screening. A screening bias may exist

in those with frequent contact with the medical profession due to allergic symptoms
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increasing the opportunity for cancer detection 0

The increased likelihood of cancer
detection may introduce a positive bias into the observed association in incidence-based
studies, because of a greater proportion of allergic individuals being diagnosed. It could

also lead to a negative bias if the diagnoses were occurring at an earlier time among

people with allergies, hence improving survival due to earlier detection.

Several biases in the literature review process may have exerted an effect on the
findings of this review. Study selection was restricted by language to papers written in
English. Publication bias may exist as a consequence of null studies not appearing in the
literature. The search strategy may have also failed to locate studies in which a history of
allergy was obtained and examined as a risk factor for cancer, but which was not reported
in the search fields. This is a real possibility, since a large number of studies were found
through citations within the primary articles located. Finally, the impact of findings not

indexed in the databases searched on conclusions drawn is unknown.

Overall, the findings of this literature review can be summarized into the
following key points:
(1) It remains unclear if an allergic history is associated with overall cancer occurrence.
(2) A history of asthma may increase risk for lung cancer.
(3) A history of allergy may protect against glioma.
{4) Numerous other protective associations have been reported at other cancer sites,

however additional studies are needed and limitations of previous studies need to be
addressed in order to confirm these findings.
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METHODS —~DATA ANALYSIS

Study Design

The Cancer Prevention Study I is a longitudinal study designed and conducted by
the American Cancer Society. The study design and population have been previously
described'”’. A total of 508 334 men and 676 288 women were enrolled by 77 000
volunteers in 1982, with the goal of examining the role of environmental and lifestyle
factors in cancer etiology. Participants were recruited from all 50 states as well as the
District of Columbia and Puerto Rico, and were composed largely of individuals known
to the volunteers such as friends or family. Study participants were required to be at least
30 years of age, as well as having one family member 45 years of age or older.
Participants completed a four-page baseline self-administered questionnaire in 1982,
which included questions about a range of lifestyle factors, demographic characteristics,

medical history, family cancer history, and other characteristics (Appendix 2).

The determination of the vital status of study participants is conducted every two
years, and is complete through to December 31, 2000. Two different methods were used
to ascertain follow-up status. In September of 1984, 1986, and 1988, volunteers inquired
as to the vital status of participants they had previously enrolled. This inquiry was
confirmed by obtaining the corresponding death certificates. Computerized linkage to the
National Death Index was used since 1989 to complete the follow-up'’®. As of December

31 2000, 176 140 (34.7%) men and 156 533 (23.2%) women had died, 331 360 (65.2%)
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men and 517 659 (76.5%) women were alive, and 818 (0.2%) men and 2 078 (0.3%)

women had follow-up terminated in September of 1988 due to inadequate information

with which to link to the National Death Index. Over 98% of deaths have been assigned

a Cause.

Cancer deaths were classified by the underlying cause of death according to the

International Classification of Disease (ICD). The ninth revision was used for follow-up

through to 1998, and the tenth revision was used for follow-up from 1999 through to the

end of 2000. The following ICD 9/10 codes respectively were used to define cancer

deaths by site.

All Cancer (140-195, 199-208 / C00-C76, C80-C97)

Lung Cancer (162 / C33, C34)

Colorectal Cancer (153, 154 / C18-C21)

Breast Cancer (Women) (174 / C50)

Prostate Cancer (185 / C61)

Pancreas Cancer (157 / C25)

Non-Hodgkin’s Lymphoma (200, 202 / C82-C85)
Leukemia (204-208 / C91-C95)

Brain Cancer (191 / C71)

Multiple Myeloma (203 / C88, C90)

Stomach Cancer (151 /C16)

Ovarian Cancer (183 / C56)

Corpus and Uterus NOS Cancer (182, 179/ C54, C55)
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Ascertainment of Asthma and Hay Fever Status

The baseline survey prompted the individual to “place a check-mark by the
following diseases or conditions for which you have ever been diagnosed by a doctor”.
Included in the listing of 25 diseases or medical conditions were asthma and hay fever.
Four categories of were constructed: asthma, hay fever, asthma and hay fever, asthma
and/or hay fever. A reference category comprised of individuals with no asthma and no
hay fever was also constructed. These categories allowed for the testing of the
independent effects of asthma and hay fever. The combined category of asthma and hay

fever allowed for the evaluation of a group of individuals more likely to be truly atopic.

Statistical Analysis

Following approval of the study protocol by the ACS, SAS data sets were
provided which included 348 variables for men and 356 variables for women. In order to
limit instability of risk estimates, cancer sites were selected for analysis if there were at
least 10 deaths across all exposure categories in men and women. Men and women were
analyzed separately due to the physiological differences between the sexes, thereby
permitting an evaluation of effect modification by gender. For each cancer site
evaluated, participants were excluded from analysis if they reported prevalent cancer at
study entry (except non-melanoma skin cancer) or had missing information on asthma or

hay fever status. Additional participants were excluded from analysis of uterine cancer
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mortality if they reported a previous hysterectomy or an artificial as opposed to a natural
menopause. This removed individuals who were not at risk for developing uterine cancer
from the study population. Participants were excluded from analysis of ovarian cancer
mortality if they reported a previous hysterectomy, artificial menopause, or ovarian
surgery (because it was unknown if or how many ovaries were removed in these

surgeries).

Death rates per 100 000 person-years were calculated according to asthma and/or
hay fever status and were directly age-standardized to the sex-specific age distribution of
the entire cohort. The following age categories were used for the standardization
procedure: less than 45 years, 45 to 49 years, 50 to 54 years, 55 to 59 years, 60 to 64
years, 65 to 69 years, 70 to 74 years, and 75 years or greater. All covariates (except age)
were also adjusted by this procedure upon presentation of the distribution of the variables
by asthma and/or hay fever status. This age adjustment allowed for greater comparability

of the death rates and covariates by asthma and/or hay fever status.

Cox proportional hazards regression models were used to determine the
independent effects of asthma and/or hay fever on cancer mortality, while adjusting for
other cancer site-specific covariates. This was performed using the SAS procedure
PROC PHREG. Cox regression is a standard modelling technique used to analyze

. 179-182
survival data

, providing both hazard ratios and associated 95% confidence intervals
for cancer mortality in relation to asthma and/or hay fever. Survival data are unique in

that they contain information on both the occurrence and timing of events, with

43



individuals who do not experience the event of interest being censored. Cox regression is
a robust technique as it does not require a specific probability distribution to be applied to
the survival times. As discussed below, it also allows for a particular type of model
stratification '®.  The use of Cox regression requires assumptions including the
independence of observations, noninformative censoring, the proportionality of

covariates over time, and a log-linear effect of the covariates on the hazard function.

In this analysis, follow-up time since baseline (1982) was used as the time axis.
The survival times of those still alive were censored at the end of follow-up. Two
separate main effects models were fit for each exposure category: an age-adjusted model
and a multi-variable model which included additional variables to adjust for the effects of
other site-specific cancer risk factors. Age adjustment was achieved by stratifying the
baseline hazard of each proportional hazards regression model by one-year age
categories. The allowance of separate baseline hazards for each age category avoids the
proportional hazards assumption for this variable (this technique is often utilized in
cancer epidemiology in order to adjust for different birth cohort effects). Once a
stratified Cox proportional hazards regression model is specified, the product of the

stratum specific partial likelihoods

I, (B =110, (B,

1s maximized in order to estimate the parameters B3, where the partial likelihood for a

. . 184
given stratum s s :

44



r Cyi

e-‘x”sf,g

.
LB =11 ——uzex»vﬂ

JER(ty)
The exponent ¢;; is the value of the censoring variable (0 or 1) associated with each death
time #; The total number of subjects in each stratum is represented by n,, and R(%;) is the
total number of subjects in the risk set at a particular time #;. Lastly, x,; represents the
vector of p covariates. Testing of the B coefficients remains appropriate in a stratified
model as their associated variance remains a function of the total sample size contributed

and total number of survival times'®,

Stratification by age is a robust method in the
sense that it does not require a specific form for the interaction with time to be
speciﬁed183 . Stratification is also computationally efficient, which is advantageous when

working with large datasets such as the CPS-II cohort'®.

Covariates included in the cancer site-specific multi-variable models were chosen
based on associations previously reported in this or other study populations. These
covariates were categorized according to the categories presented in Table 1 and Table 2
in the results section. Adjustment for smoking was achieved by the inclusion of
categorical variables for smoking status (never, current cigarette smoker, former cigarette
smoker, ever cigarette smoker — unknown if current or former, pipe/cigar smoker (men
only), missing). A sensitivity analysis was also conducted through the addition of
variables representing pack-years of smoking and intensity of smoking to the previously
mentioned smoking status variables. Categorical variables indicating the number of pack

years {less than 20, 20 to less than 40, 40 to less than 60, 60 or greater, missing) or
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cigareties smoked per day (0 to19, 20, greater than 20, missing) were employed for both

current and former smokers.

A number of derived variables were constructed from the original survey data.
Body mass index (BMI) was calculated as weight in kilograms divided by height in
metres squared. Following the World Health Organization, BMI was divided into
categories of less than 18.5 kg/m®, 18.5 to 24.9 kg/m%, 25 to 29.9 kg/m?, 30 kg/m® or
greater, and missing'®®. The total number of siblings was the sum of the number of
bothers and sisters (0 to 6). The total number of hours exposed to environmental tobacco
smoke per day was constructed by summing the total number of hours exposed per day at
home, work and other areas (0, greater than 0 to less than 3 hours, 3 hours to less than 6

hours, 6 or more hours, and missing).

Nutritional variables were constructed from responses indicating the numbers of
days per week 32 particular foods were consumed. Participants reporting consumption of
less than 5 foods were classified as missing. Otherwise, participants with blank
responses were considered as nonconsumers. Quartiles for each nutritional variable were
constructed with the SAS PROC RANK procedure. Fat intake (grams/week) was
estimated by an age and sex-specific algorithm that multiplies the numbers of times per
week 20 different foods were consumed by the estimated portion size and fat content.
Weekly vegetable intake was constructed by the sum of the weekly frequency of
consumption of green leafy vegetables, tomatoes, cabbage/oroccoli/brussel sprouts, raw

vegetables, carrots, potatoes, and squash/corn. Weekly fruit consumption was the
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number of times per week participants reported consuming citrus fruits or juices. Weekly
fiber intake was represented by the sum of the weekly frequency of consumption of
brown rice/whole wheat/barley, bran/corn muffins, and oatmeal/shredded wheat/bran
cereals. Weekly intake of vegetables, fiber and fruit was considered the sum of weekly
vegetable intake, weekly fruit intake, and weekly fiber intake. Weekly fatty meat intake
was the sum of the weekly consumption of beef, pork, liver, ham, smoked meats,

frankfurters/sausage, fried hamburgers/beef, and fried bacon.

Other variables were tested for a significance in the final multi-variable models,
but were not included since they had virtnally no effect on estimates of cancer risk.
Although detailed results are not presented here, the variables which were tested included
the following.

e Lung cancer: age started smoking among current and former smokers.

e Colorectal cancer: fruit intake, diabetes, colon polyps, and rectal polyps.

e Breast cancer: breast lump within the past 12 months, breast cysts, fat
intake, and diabetes.

e Pancreas cancer: parity.

e NHL: alcohol, physical activity, arthritis, tuberculosis, bronchitis,
diabetes, and height.

e Leukemia: Occupational exposure (x-rays/radioactive materials and diesel
engine exhaust). Occupation (farmer, miner, electrician, or oil field

worker/refinery worker).
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Brain cancer:  alcohol, parity, artificial menopause, occupational
exposures (chemicals/acids/solvents, x-rays/radioactive materials, and
pesticides/herbicides), occupation (electrician, oil field worker/refinery
worker, health professional (doctor, ophthalmologist, physician,
veterinarian, GP, dentist), farmer), diabetes, marital status, and arthritis.
Multiple myeloma: family history of multiple myeloma, diabetes,
tuberculosis, occupational exposures (x-rays/radioactive materials,
pesticides/herbicides, chemicals/acids/solvents, and asbestos), occupation
(farmer, or oil field worker/refinery worker).

Stomach cancer: alcohol, exercise, occupational exposures (coal/stone
dusts, wood dust, asbestos, and pesticides), occupation (farmer), Tagamet
use, antiacid use, duodenal ulcer, stomach ulcer, chronic indigestion, age
at menopause, age at menarche, parity, and estrogen replacement therapy
use .

Ovarian cancer: aspirin use.

Corpus and uterus NOS cancer: fat/fiber/vegetable intake, family history

of uterus cancer, and family history of breast/ovarian cancer.

Effect modification was assessed by cigarette smoking status and age at baseline

in order to identify differences across cigarette smoking and age sub-groups.  Separate

risk estimates were calculated within each stratum and multiplicative interaction terms

were constructed to evaluate heterogeneity across subgroups. The significance of these

interaction terms was assessed using a likelihood ratio test at the o = 0.05 level. For
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cigarette smoking status, interaction terms were constructed between asthma and/or hay
fever and either both current and former smoking status (excluding ever smokers,
pipe/cigar smokers, and unknown smoking status) or ever smoking status, which
combines current, former and ever smokers (excluding pipe/cigar smokers and unknown
smoking status) according to the available sample size. As cigarette smoking status can
be strongly influenced by asthma and/or hay fever status, the estimation of risk among
the subgroup of non-smokers aiso allows for a determination of the effect of asthma
and/or hay fever status on cancer survival that is largely free of possible residual
confounding by smoking history. It also reduces possible asthma misclassification as
other smoking related conditions. For age at baseline, an interaction term was
constructed between asthma and/or hay fever and a dichotomous variable representing
age below 55 years or age equal to or above 55 years. The potential for effect differences
of asthma with age exists, as the potential for misclassification of asthmatic status

increases with age.

The proportional hazards assumption was tested through the inclusion of a
multiplicative interaction term between asthma and/or hay fever and follow-up time'™.
The significance of the interaction term was tested at the o = 0.05 level. All analyses

were conducted using SAS version 8.2. Two-sided statistical tests were used throughout

the analysis.

49



RESULTS — ANALYSIS

From a total sample of 508 318 men, 483 079 were retained for analysis following
exclusions for prevalent cancer at baseline except non-melanoma skin cancer (25 238)
and missing asthma or hay fever status (1}. From 676 270 women, a total of 618 668
were retained for analysis following exclusions for prevalent cancer at baseline except
non-melanoma skin cancer (57 103) and missing asthma or hay fever status (499).
Additional women were excluded if a hysterectomy or artificial menopause was reported
(201 142) for the analysis of ovarian cancer and uterine cancer; 12 385 women were also
excluded for prior ovarian surgery in the analysis of ovarian cancer. This resulted in 417
526 women remaining for analysis of uterine cancer, and 405 141 for the analysis of

ovarian cancer.

The prevalence of self-reported asthma was 4.4% in men and 4.7% in women.
Hay fever was reported by 10.3% of men and 12.8% of women. Both asthma and hay

fever were reported in 2.2% of men and 2.7% of women.

Table 1 displays the distribution of risk factors for cancer mortality by history of
asthma and/or hay fever in men; similar results for women are presented in Table 2. On
average, individuals with asthma and/or hay fever tended to be younger and more likely
to be non-smokers or former smokers. Those with a history of asthma and/or hay fever
also tended to have achieved a higher level of education than those without. Those with

asthma and/or hay fever tended to consume greater amounts of vegetables, fruit, and
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fiber, and were more likely to take multivitamins. In women, those with asthma and/or
hay fever were more likely to use oral contraceptives and estrogen replacement therapy.
Previous lung diseases were more frequently reported by those with asthma and/or hay
fever. In particular, asthmatics were much more likely to report a history of chronic

bronchitis and emphysema than non-asthmatics.

51



Table 1. Distribution of Risk Factors for Cancer Mortality by History of Asthma and Hay Fever in Men ~

Asthma and/or Asthma Hay Fever Asthma and Asthma and/or Hay No Asthma and no
Hay Fever m=21101) (n=49764) Hay Fever Fever Hay Fever'
Status (n=9416) {n =61 469) (n =421 610)
SOCIODEMOGRAPHIC VARIABLES

Age (years)

<40 53 53 5.9 52 37
40-49 20.3 22.5 23.0 21.7 17.8
50-59 37.4 38.8 38.9 383 37.7
60-66 26.2 244 23.8 25.1 28.6
70-79 9.3 8.0 74 8.5 10.6
80+ 1.5 1.0 1.1 1.2 1.7
Race

White 93.8 94.2 95.2 93.9 93.9
Black 37 32 2.7 34 3.8
Other 2.5 2.6 20 2.6 23
Education

Less than HS 14.8 9.9 10.1 11.6 16.2
HS graduate 16.2 14.0 13.4 14.8 20.6
Some college 26.2 26.1 25.6 26.1 26.9
College grad 41.5 48.9 49.7 46.2 34.8
Missing 1.3 1.1 1.2 1.2 1.5
BMI (kg/m?)

<185 1.2 0.8 1.0 0.9 0.9
18.5-24.9 40.7 421 423 41.6 37.5
25-29.9 46.3 46.8 46.3 46.7 48.9
30+ 9.8 8.4 8.7 8.9 104
Missing 2.1 1.8 1.8 1.9 23
Marital Status

Single 6.5 57 6.3 59 5.6
Married 93.0 93.8 933 93.6 93.8
Missing 0.5 0.4 0.4 0.5 0.6
No. of

Siblings

None 31.8 32.1 336 317 28.9
1 sibling 17.7 18.3 18.8 18.0 15.7
2 siblings 16.2 16.4 164 16.3 15.8
3 siblings 11.8 11.8 11.5 11.8 12.5
4 siblings 7.6 7.6 7.0 7.7 9.0
5 siblings 5.4 54 4.8 5.5 6.9
6 siblings 9.5 8.6 7.9 9.0 11.2
BEHAVIOURAL VARJABLES

Smoking

Noun smoker 26.7 33.1 31.2 31.2 243
Current 16.8 13.3 13.5 ) 14.5 21.8
Former 312 27.8 28.8 289 29.4
Ever 1.7 1.3 1.4 1.4 1.6
Pipe/cigar 20.9 21.7 22.8 21.3 19.7
Missing 2.7 27 23 2.8 32
Exercise

None 2.8 1.9 22 2.2 2.2
Slight 255 23.5 25.6 23.9 21.5
Moderate 60.2 63.4 61.1 62.6 63.1
Heavy 10.4 10.4 10.1 10.4 12.1
Missing 1.1 0.9 1.0 1.0 1.2
Aleohel

Non drinker i2.6 13.1 13.5 12.9 11.8
Occasional 13.5 142 144 14.0 13.0
1 drink/day 7.0 7.6 7.6 7.4 6.5
>1 drink/day 17.2 173 17.9 17.2 16.8
Former 3.0 25 3.1 2.6 22
Missing 46.6 453 43.5 46.0 49.6

Beer Consumption
No 22.0 22.6 23.8 22.3 19.6




Yes 252
Missing 32.8
Wine Consumption

No 24.2
Yes 17.8
Missing 58.0
Liquor Consumptien

No 232
Yes 247
Missing 521

MEDICATIONS AND VITAMINS

Aspirin Use

Non user 422
QOccasional 28.5
<15 per month 17.7
15+ per month 9.3
Missing 14
Multivitamin Use

Non user 67.0
Occasional 54
<15 per month 6.2
15+ per month 20.8
Missing 0.6
NUTRITIONAL VARIABLES
Vegetable Consumption

1st quartile 224
2nd quartile 222
3rd quartile 24.4
4th quartile 24.1
Fruit Consumption

st quartile 22.1
2nd quartile 255
3rd quartile 11.4
4th quartile 34.1
Fiber Consumption

1st quartile 134
2nd quartile 30.6
3rd quartile 24.0
4th quartile 25.0
Vegetable, Fruit, Fiber Consumption
1st quartile 220
2nd quartile 226
3rd quartile 23.4
4th quartile 25.0
Fat Consumption

1st quartile 21.9
2nd quartile 232
3rd quartile 23.2
4th quartile 24.7
Red Meat Consumption

1st quartile 22.1
2nd quartile 25.1
3rd quartile 233
4th quartile 225
Unclassifiable 7.0

OTHER MEDICAL CONDITIONS

Diabetes

Yes 6.3
No! 93.7
Gallstones

Yes 6.2
No' 93.8

Chronic Bronchitis

254
52.0

23.7
203
56.0

23.3
25.7
51.0

19.5
21.8
25.5
26.7

19.2
25.4
12.3
36.6

12.6
28.2
24.6
28.1

18.7
215
244
28.9

217
24.0
24.1
23.8

23.6
251
23.0
21.8

6.5

5.0
95.0

52
94.8

25.6
50.6

5.0
20.8
54.2

241
27.2
487

39.9
291
193
10.3

64.1
5.5
6.5

233
0.7

19.6
22.0
253
267

19.8
25.8
117
36.3

13.1
283
24.6
27.7

19.2
21.9
242
28.4

203
24.3
23.6
25.5

22.4
253
23.1
22.8

6.3

6.5
93.5

6.9
931

253
52.4

23.6
19.3
57.0

23.2
25.1
51.8

20.5
219
252
25.8

20.2
253
12.0
358

12.8
29.0
243
27.1

19.8
21.8
24.1
27.6

21.9

238
239

232
251
23.1
21.9

6.7

94.7

5.3
94.7

22.8
15.0
62.2

214
227
56.0

237
224
24.0
222

23.6
254
11.2
321

13.9
33.0
226
22.8

23.9
23.0
22.6
22.8

233
23.0
23.0
23.0

227
24.8
22.8
21.8

7.8

5.8
94.2
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Yes 14.4
No' 85.6
Emphysemsa

Yes 11.5
Nof 88.5
Tuberculosis

Yes 2.3
Nof 97.7

OCCUPATIONAL / ENVIRONMENTAL EXPOSURES

Asbestos

Yes 7.1
Nof 92.9
Chemicals/Acids/Solvents
Yes 20.2
No! 79.8
Coal/Stone Dust

Yes 8.0
No! 92.0
Coal Tar/Pitch/Asphalt

Yes 37
No' 96.3
Diesel Engine Exbaust

Yes 14.6
No! 85.4
Formaldehyde

Yes 39
No' 96.1
Passive Tobacco Smoke

0 hours 32.0
>()-<3 hours 332
3-<6 hours 9.4
6+ hours 24.5
Missing 0.9

FAMILY HISTORY OF CANCER

Colorectal Cancer

Yes 48
No' 95.2
Prostate Cancer

Yes 3.2
No' 96.8
Pancreatic Cancer

Yes 12
Not 98.8
NHIL

Yes 1.0
No' 99.0
Leukemiz

Yes 1.7
No' 98.3
Brain Cancer

Yes 0.9
No' 99.1
Stomach Cancer

Yes 3.5
Nof 96.5

5.0
95.0

34
96.6

1.6
98.4

6.7
93.3

19.4
80.6

6.6
93.4
34
96.6

12.8
87.2

438
95.2

34
96.6

1.2
98.8

1.0
99.0

1.7
98.3

1.0
99.0

3.3
96.7

137
86.3

9.7
90.3

33
96.7

6.8
93.2

19.6
80.4

6.8
93.2

35
96.5

13.8
86.2

95.9

5.0
95.0

35
96.5

1.1
98.9

1.0
99.0

1.7
98.3

1.0
99.0

3.2
96.8

7.0
93.0

53
94.7

1.6
58.4

0.8
93.2

19.7
80.3

7.0
93.0
35
96.5

133
86.7

4.8
952

3.3
96.7
1.2
98.8

1.0
99.0

1.7
98.3
1.0
99.0

34
96.6

24
97.6

27
97.3

1.1
98.9

6.5
93.5

18.6
81.4

7.0
93.0
3.4
96.6

13.6
86.4

4.5
95.5

29
97.1

1.1
98.9

0.9
99.1

1.6
98.4

1.0
99.0

3.6
96.4

* Directly standardized to the sex-specific age distribution of the entire cohort

! Tncludes missing
! Reference category

54



Table 2. Distribution of Risk Factors for Cancer Mortality by History of Asthma and Hay Fever in
Women

Asthma and/or Asthma Hay Fever Asthma and Hay Asthma and/ No Asthma and no
Hay Fever (n=28 898) n=79162) Fever or Hay Fever Hay Fever'
Status (n =14 486) (n=93574) (n=525094)
SOCIODEMOGRAPHIC YARIABLES

Age (years)

<40 6.5 6.7 6.9 6.6 5.3
40-49 24.8 26.8 27.5 26.1 222
50-59 345 354 359 351 34.2
60-69 233 21.6 21.2 222 252
70-79 9.1 7.9 7.1 8.4 10.7
80+ 1.8 14 1.4 1.6 2.4
Race

White 91.1 91.8 92.0 914 92.6
Black 5.9 52 47 55 5.0
Other 3.0 3.0 2.7 3.1 24
Education

Less than HS 13.6 10.5 10.5 11.4 14.0
HS graduate 25.8 24.7 235 253 312
Some college 31.9 327 337 323 293
College grad 27.0 30.6 30.8 29.4 239
Missing 1.7 1.5 1.5 1.5 1.6
BMI (kg/m?)

<18.5 29 2.6 2.8 ) 2.7 2.7
18.5-24.9 53.5 59.3 55.8 58.0 57.6
25-29.9 27.0 254 26.7 257 26.2
30+ 14.2 10.5 12.5 113 11.2
Missing 2.4 22 22 2.2 2.3
Height

<66 inches 67.8 67.1 67.0 67.3 67.3
66-68 inches 264 273 272 271 272
>68 inches 4.5 4.5 4.7 45 4.2
Missing 13 11 1.1 1.2 1.3
Marital Status

Single 25.4 234 23.9 23.9 23.8
Married 73.9 75.9 75.3 754 75.5
Missing 0.7 0.7 0.8 0.7 0.7
No. of

Siblings

None 279 282 28.9 28.0 26.1
1 sibling 18.8 19.2 19.6 19.0 17.5
2 siblings 17.1 16.9 177 16.8 16.5
3 siblings 11.8 11.9 11.4 11.9 12.7
4 siblings 8.5 8.1 8.0 8.2 9.1
5 siblings 6.3 6.1 5.6 6.2 7.0
6 siblings 9.6 9.6 8.8 9.8 11.2
BEHAVIOURAL VARIABLES

Smoking

Non smoker 50.1 56.0 53.6 54.6 52.4
Current 18.0 155 15.1 16.3 20.8
Former 251 21.9 249 224 19.9
Ever 2.2 1.9 22 2.0 1.8
Missing 4.6 4.7 43 4.7 5.1
Exercise

None 3.0 2.1 2.8 2.3 23
Stight 26.9 24.6 26.6 25.1 23.5
Moderate 62.4 65.7 63.1 65.1 66.1
Heavy 55 5.6 5.4 5.6 6.0
Missing 2.2 19 2.0 2.0 2.1
Alcohel

Non drinker 16.8 16.6 17.0 16.6 16.4

Occasional 11.5 12.1 12.3 11.9 11.2




1 drink/day 4.2 48 4.6 4.6 42
>1 drink/day 7.8 7.3 81 7.7 7.1
Former 1.7 1.5 1.8 1.5 i.
Missing 58.0 57.3 56.2 57.6 59.8
Beer Consumption

No 28.1 28.3 29.6 28.0 264
Yes 7.1 6.8 7.1 6.8 6.7
Missing 64.8 65.0 034 65.2 66.9
Wine Consumption

No 222 214 222 215 21.0
Yes 17.1 18.6 192 18.0 15.7
Missing 60.8 60.1 58.6 60.5 63.3
Liquer Consumption

No 24.8 24.5 253 24.5 233
Yes 14.3 14.8 153 14.6 133
Missing 60.9 60.7 59.5 61.0 63.4
MEDICATIONS AND VITAMINS

Aspirin

Non user 422 37.1 395 38.3 38.6
Occasional 30.4 333 309 328 35.0
<15 per month 16.1 17.5 16.8 17.2 16.4
15+ per month 9.4 10.1 10.6 9.8 82
Missing 20 20 22 2.0 1.8
Multivitamin Use

Non user 60.1 57.9 57.1 58.7 63.9
Occasional 7.4 8.1 7.7 8.0 7.5
<15 per month 6.3 6.5 6.8 64 5.6
15+ per month 248 26.1 270 255 21.8
Missing 1.4 1.4 1.5 14 1.1
OC Use!

Never 66.0 65.5 64.3 65.9 68.8
Ever 29.6 304 31.7 30.0 26.6
Missing 4.4 4.1 4.1 42 4.6
ERT Use?

Never 52.1 50.6 49.9 512 57.3
Ever 37.6 40.1 41.1 39.1 31.3
Missing 10.2 9.4 9.0 9.7 114
NUTRITIONAL VARIABLES

Vegetable Consumption

1st quartile 21.5 19.1 18.8 19.9 224
2nd quartile 22.4 22.4 21.9 225 23.0
3rd quartile 225 234 235 23.1 22.0
4th quartile 224 24.2 249 235 21.2
Fruit Consumption

1st quartile 24.8 224 22.7 231 24.6
2nd quartile 223 23.3 22.5 231 229
3rd quartile 3.3 3.7 35 3.6 3.5
4th quartile 384 39.9 40.3 394 375
Fiber Consumption

1st quartile 13.5 12.1 13.0 12.4 13.6
2nd quartile 29.0 27.4 270 28.0 30.7
3rd quartile 23.7 245 24.1 243 231
4th quartile 22.7 252 250 24.4 212
Vegetable, Fruit, Fiber Consumptien

1st quartile 21.6 18.7 18.6 19.6 26
2nd quartile 213 21.3 20.8 21.4 22.1
3rd quartile 23.0 240 23.6 237 22.6
4th quartile 22.9 252 26.1 243 214
Fat Consumption

15t quartile 21.6 20.2 205 20.6 224
2nd quartile 218 22.4 222 222 222
3rd quartile 224 22.9 22.5 22.8 220
4th quartile 23.2 23.6 23.8 23.5 219
Red Meat Consumption

1st quartile 213 20.8 21.0 20.9 212
2nd quartile 20.0 20.4 20.6 20.2 20.2
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3rd quartile 23.4
4th quartile 24.2

Uneclassifiable il.1

OTHER MEDICAL CONDITIONS

Diabetes

Yes 6.2

No' 93.8
Gallstones

Yes 14.0
Nof 86.0
Hypertension

Yes 29.6
No' 70.4
Chronic Bronchitis

Yes 19.6
No® 80.4
Emphysema

Yes 5.6

No' 94.4
Tuberculosis

Yes 23

Nof 97.7

OCCUPATIONAL / ENVIRONMENTAL EXPOSURES

Asbestos

Yes 2.2
No' 97.8
Chemicals/Acids/Solvents
Yes 7.8
No' 92.2
Coal/Stone Dust

Yes 2.6
No' 97.4
Coal Tar/Pitch/Asphalt

Yes 0.9
No! 99.1
Diesel Engine Exhaust

Yes 3.0
No' 97.0
Formaldehyde

Yes 32
No' 96.8
Passive Tobacco Smoke

0 hours 41.9
>0-<3 hours 27.5
3-<6hours 8.0
&+ hours 21.7
Missing 1.0

FAMILY HISTORY OF CANCER

Colorectal Cancer

Yes 4.9
Nof 95.1
Breast Cancer

Yes 74
No' 92.6
Breast or Ovarian Cancer
Yes 8.1
No! 91.9
Pancreatic Cancer

Yes 14
No' 98.6
NHL

Yes 1.0
No' 99.0

24.4
23.6

10.8

4.4
95.6

11.8
88.2

274
72.6

7.5
92.5

1.5
98.5

1.6
98.4

2.0
98.0

6.7
93.3

2.0
98.0

0.6
99.4

28
97.2

29
97.1

43.1
28.5
7.9
19.6
0.8

52
94.8

74
92.6
8.0
92.6
13
98.7

1.0
99.0

234
241

11.0

6.2
93.8

14.4
85.6

295
70.5

18.8
81.2

52
948

3.0
97.0

23
9117

8.2
91.8

27
97.3

4.9
95.1

7.8
92.2

8.6
914
1.5
98.5

1.0
99.0

242
23.7

10.9

47
95.3

12.1
87.9

277
723

9.6
90.4

23
97.7

1.6
98.4

2.0
98.0

6.9
93.1
2.1
97.9

0.6
99.4

2.8
972
29
97.1

42.9
28.1

20.2
0.9

52
94.8

7.3
92.7
7.9
92.1

1.4
8.6

1.0
99.0

24.2
230

11.5

44
95.6

10.9
89.1

26.6
73.4

32
96.3

0.8
99.2

1.0
99.0

1.5
98.5

5.3
94.7

1.6
98.4

0.4
99.6

20
98.0

2.1
97.9

43.0
26.4
7.9
21.8
0.9

53
94.7

7.2
92.8
1.6
92.4
1.4
98.6

1.0
99.0
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Leukeniia

Yes 17
No' 98.3
Brain Cancer

Yes 11
No' 98.9
Stomach Cancer

Yes 3.1
Not 96.9
REPRODUCTIVE YARIABLES
Menopausal Status

Pre/peri 257
Post 717
Missing 27
Parity

Nulliparous 115
1 child 10.9
2 children 257
3 children 224
4+ children 256
Missing 3.8
Age at First Birth (years)

<20 13.2
20-29 62.0
30+ 8.4
No births 11.5
Missing 4.9
Age at Menarche (years)

<i2 19.5
12-13 51.1
14+ 259
Missing 35
Age at Menopause (years)
<45 18.5
45-54 358
55+ 56
Pre/peri 25.7
Missing 144
Tubal ligation

Yes 8.2
No 91.8

1.6

98.4

1.0
99.0

2.9
97.1

26.0
71.4
2.6

11.3
10.9
27.0
229
242
3.8

11.0
63.9
9.0
11.3
4.8

18.8
51.9

259
34

17.7
36.2
5.8
26.0
14.3

7.7
92.1

16
98.4

1.1
98.9

31
96.9

25.6
71.6
2.7

10.8
11.0
262
234
25.0
35

11.6
64.3
8.8
10.8
4.4

19.7
52.0

25.1
32

18.7
359
5.6
25.6
14.1

8.4
91.6

17
98.3

1.0
98.0

18.9

51.6

26.0
3.5

17.8
36.1
58
26.0
14.3

79
92.1

1.7
98.3

1.1
98.9

3.2
96.8

26.7
70.8
25

11.6
10.9
26.2
22.1
24.9
43

115
62.3

11.6
5.6

17.1
52.0

27.0
4.0

15.9
375
5.5
26.7
14.4

7.2
92.8

" Directly standardized to the sex-specific age distribution of the entire cohort

" Includes missing
* Oral Contraceptive Use

¥ Estrogen Replacement Therapy Use

! Reference Category
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Al Cancer

Following exclusions, a total of 44 524 all cancer deaths in men and 36 567 in
women were observed. Table 3, Table 4, and Table 5 summarize the results for all
cancer mortality in relation to asthma and/or hay fever in men; Table 6, Table 7, Table 8
provide the corresponding results for women. Overall risk estimates indicated no
association between a history of asthma and all cancer mortality in men or women.
However, significantly reduced risks for all cancer mortality ranging from 4 to 12% were
found in men and women in relation to hay fever, asthma and hay fever, and asthma or
hay fever. The greatest protective effect was observed among those with both asthma

and hay fever.

Upon stratification by smoking status, the relationship between hay fever and all
cancer mortality was found to vary significantly in both men and women. The hazard
ratio for all cancer mortality in relation to hay fever was found to approach the null value
of unity in never smokers, yet remained less than one in current and former smokers.
Upon stratification by age at baseline, asthma was associated with a significantly reduced
risk for all cancer mortality in females less than 55 years of age at baseline, but not
among those aged 55 years or greater. No significant age effect was found in male
asthmatics. Hazard ratios for hay fever were also reduced in those less than 55 years of

age at baseline.
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Table 3. Hazard Ratios (95% CI) for All Cancer Mortality in Relation to Asthma and/or Hay Fever in Men

Asthma and/or ~ Number Person-Years  Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% Cn)f (95% CI)f
Asthma
Yes 1652 325 340 547.24 0.91 (0.87, 0.96) 0.97 (0.92, 1.02)
No 40 002 6552116 603.12 1.06 1.00
Hay Fever
Yes 3496 810 109 479.75 0.79 (0.76, 0.81) 0.90(0.87, 0.93)
No 40 002 6552116 603.12 1.00 1.00
Asthma and
Hay Fever
Yes 626 152 010 473.04 0.78 (0.72, 0.84) 0.88 (0.81, 0.95)
No 40 002 6552116 603.12 1.00 1.00
Asthma and/or
Hay Fever
Yes 4522 983 939 503.33 0.83 (0.80, 0.86) 0.93 (0.90, 0.96)
No 40 002 6552116 603.12 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

: Age stratified and adjusted for race, smoking, education, marital status, BMI, diabetes, exercise, alcohol,
aspirin, vegetable intake, fat intake

Table 4. Hazard Ratios {35% CI) for All Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status in Men

Ed
Never Smokers

*
Former Smoker

Current Smoker

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.96 (0.85, 1.08)
0.98 (0.91, 1.05)
0.94 (0.80, 1.12)

0.98 (0.91, 1.04)

1.00 (0.92, 1.09)
0.87 (0.81, 0.93)
0.87 (0.75, 1.01)

0.92 (0.87,0.97)

1.08(0.98, 1.18)
0.94 (0.87, 1.01)
0.93(0.79, 1.10)

0.99 (0.93, 1.05)

0.20
0.05
0.69

0.11

’ Age stratified and adjusted for race, education, marital status, BMI, diabetes, exercise, alcohol, aspirin,
vegetable intake, fat intake

Table 5. Hazard Ratios (95% CI) for All Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Age at Baseline in Men

<55 years*

>=55 years

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.91(0.82, 1.01)

0.85 (0.79, 0.91)
0.86 (0.74, 1.01)

0.87 (0.82, 0.93)

0.96 (0.90, 1.01)

0.88(0.85, 0.92)
0.84 (0.77, 0.92)

0.92 (0.88, 0.95)

0.09
1.00

0.03

" Adjusted for race, smoking, education, marital status, BMI, diabetes, exercise, alcohol, aspirin, vegetable

intake, fat intake
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Table 6. Hazard Ratios (95% CI) for All Cancer Mortality in Relation to Asthma and/or Hay Fever in

Women
Asthma and/or ~ Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)f (95% CI)*
Asthma
Yes 1572 474 558 351.14 1.60(0.96,1.06) 1.01(0.96, 1.06)
No 31784 8 747 815 358.87 1.60 1.00
Hay Fever
Yes 3872 1346998 31340 0.87(0.84,0.90)  0.93(0.90,0.96)
No 31784 8747 815 358.87 1.00 1.60
Asthma and
Hay Fever
Yes 661 244 655 300.30 0.84 (0.78,0.91)  0.89(0.83, 0.96)
No 31784 8747 815 358.87 1.00 1.00
Asthma and/or
Hay Fever
Yes 4783 1576 901 326.87 0.91 (0.88,0.94) 0.96(0.93,0.99)
No 31784 8 747 815 358.87 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

t Age stratified and adjusted for race, smoking, education, marital status, BMI, diabetes, exercise, alcohol,
aspirin, vegetable intake, fat intake, menopausal status, parity, OC use, ERT use

Table 7. Hazard Ratios (95% CI) for All Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status in Women

£
Former Smoker

Current Smoker

Never Smokers P
Asthma 0.98 (0.90, 1.06) 1.00 (0.90, 1.11) 1.05(0.95, 1.15) 0.64
Hay Fever 0.97 (0.92, 1.02) 0.88 (0.81, 0.95) 0.91(0.85,0.97) 0.04
Asthma and 0.91(0.81,1.02)  0.80(0.68, 0.94) 0.95(0.82, 1.11) 0.26
Hay Fever
Asthma and/or 0.98 (0.94, 1.02) 0.93 (0.87, 1.00) 0.95 (0.90, 1.01) 0.32
Hay Fever

¥ Age stratified and adjusted for race, education, marital status, BMI, diabetes, exercise, alcohol, aspirin,
vegetable intake, fat intake, menopausal status, parity, OC use, ERT use

Table 8. Hazard Ratios (95% CI) for All Cancer Mortality in Relation to Asthina and/or Hay Fever

Stratified by Age at Baseline in Women

<55 years >=55 years* D
Asthma 0.88 (0.80, 0.97) 1.03(0.97, 1.10) 0.004
Hay Fever 0.87 (0.82, 0.93) 0.94 (0.90, 0.98) 0.03
Asthma and 0.82 (0.72, 0.95) 0.90 (0.82, 0.98) 0.24
Hay Fever
Asthma and/or 0.88 (0.83, 0.94) 0.98 (0.54, 1.01) 0.002
Hay Fever

i Adjusted for race, smoking, education, marital status, BMI, diabetes, exercise, alcohol, aspirin, vegetable
intake, fat intake, menopausal status, parity, OC use, ERT use
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Lung Cancer

There was a total of 13 296 lung cancer deaths in men and 7 859 in women.
Table 9, Table 10, and Table 11 summarize the results for lung cancer mortality in
relation to asthma and/or hay fever in men, with results for women given in Table 12,
Table 13, and Table 14. There was no significant association between a history of
asthma and lung cancer mortality in men or women overall or in male or female never
smokers. A history of hay fever, as well as a history of both asthma and hay fever, was
associated with a significantly reduced risk for lung cancer mortality in both men and
women overall. Upon stratification by smoking status, the protective effect of hay fever
and both asthma and hay fever in men were attenuated and approached null values in
never smokers. In men, the protective effect of hay fever on lung cancer mortality was
more pronounced in those less than 55 years of age at baseline. Age at baseline did not

significantly affect risk estimates in women.
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Table 9. Hazard Ratios (35% CI) for Lung Cancer Mortality in Relation to Asthia and/or Hay Fever in

Men
Asthma and/or Number Person-Years  Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CD)f (95% CD*
Asthma
Yes 521 325840 172.34 0.58(0.89,1.06) .94 (0.85,1.02)
No 12 085 6552116 182.44 1.00 1.06
Hay Fever
Yes 840 810 109 115.17 0.62(0.57,0.66) 0.81 (0.76,0.87)
No 12 085 6552116 182.44 1.00 1.00
Asthma and
Hay Fever
Yes 150 152 010 111.41 0.61(0.52,0.71) 0.70(0.59, 0.82)
No 12 085 6552116 182.44 1.00 1.00
Asthma and/or
Hay Fever
Yes 1211 983 939 134.82 0.73(0.69,0.77)  0.88(0.83,0.93)
No 12 085 6552116 182.44 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

" Age stratified

! Age stratified and adjusted for race, smoking, education, marital status, BMI, occupational exposures,
beer, wine, and liquor consumption, chronic bronchitis, emphysema, tuberculosis, vegetable/fruit/fiber

intake, fat intake, and passive smoking

Table 10. Hazard Ratios (95% CI) for Lung Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status in Men

£
Never Smokers

o
Former Smoker

Current Smoker

p

Asthma 1.08 (0.69, 1.68)
Hay Fever 0.98 (0.73, 1.30)
Asthma and 0.95 (0.50, 1.81)
Hay Fever
Asthma and/or 1.01(0.78, 1.32)
Hay Fever

0.81 (068, 0.97)
0.75 (0.66, 0.86)
0.43 (0.29, 0.62)

0.83 (0.74, 0.93)

1.08 (0.94, 1.22)
0.87 (0.78, 0.97)
0.91(0.72, 1.14)

0.95 (0.87, 1.04)

0.27
0.09
0.003

0.23

Age stratified and adjusted for race, education, marital status, BMI, occupational exposures, beer, wine,
and liguor consumption, chronic bronchitis, emphysema, tuberculosis, vegetable/fruit/fiber intake, fat
intake, and passive smoking

Table 11. Hazard Ratios (95% CI) for Lung Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Age at Baseline in Men

<55 years >=55 years »
Asthma 0.86(0.71, 1.03) 0.92 (0.83, 1.02) 0.64
Hay Fever 0.69 (0.59, 0.80) 0.82 (0.76, 0.89) 0.02
Asthma and 0.72 (0.53, 0.97) 0.64 (0.53, 0.78) 0.45
Hay Fever
Asthma and/or 0.75 (0.66, 0.85) 0.89 (0.83, 0.95) 0.01
Hay Fever

i Adjusted for race, smoking, education, marital status, BMI, occupational exposures, beer, wine, and
liguor consumption, chronic bronchitis, emphysema, tuberculosis, vegetable/fruit/fiber intake, fat intake,

and passive smoking
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Table 12. Hazard Ratios (95% CI} for Lung Cancer Mortality in Relation to Asthma and/or Hay Fever in

Women
Asthma and/or Number Person-Years  Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)! (95% CD)¥
Asthma
Yes 371 474 558 81.28 1.06(0.95,1.17)  0.98(0.88,1.10)
No 6 859 8 747 815 78.11 1.00 1.00
Hay Fever
Yes 720 1 346 998 57.57 0.73(0.68,0.79)  0.85(0.78,0.92)
No 6 899 8747 815 78.11 1.00 . 106
Asthma and
Hay Fever
Yes 131 244 655 57.21 0.74 {0.62,0.88)  0.78(0.66, 0.93)
No 6 899 8 747 815 78.11 1.00 1.00
Asthma and/or
Hay Fever
Yes 960 1576901 64.64 0.83(0.77,0.88) 0.91(0.85,0.97)
No 6 899 8 747 815 78.11 1.00 1.00

* per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

' Age stratified

i Age stratified and adjusted for race, smoking, education, marital status, BMI, occupational exposures,

beer, wine, and liquor consumption, chronic bronchitis, emphysema, tuberculosis, vegetable/fruit/fiber

intake, fat intake, and passive smoking

Table 13. Hazard Ratios (95% CI) for Lung Cancer Mortality in Relation to Asthma and/or Hay Fever

Stratified by Smoking Status in Women

v
Never Smokers

Former Smoker

Current Smoker

P

Asthma 0.91 (0.66, 1.26)
Hay Fever 0.99(0.82, 1.20)
Asthma and 0.76 (0.46, 1.25)
Hay Fever
Asthma and/or 1.00(0.84, 1.19)
Hay Fever

0.92(0.73, 1.17)

0.81 (0.68, 0.96)
0.61 (0.40, 0.91)

0.89 (0.76, 1.04)

1.03(0.90, 1.18)

0.84 (0.76, 0.93)
0.88 (0.70, 1.09)

0.9 (0.82, 0.98)

0.39

0.31
0.20

0.74

Age stratified and adjusted for race, education, marital status, BMI, occupational exposures, beer, wine,
and liguor consumption, chronic bronchitis, emphysema, tuberculosis, vegetable/fruit/fiber intake, fat
intake, and passive smoking

Table 14. Hazard Ratios (95% CI) for Lung Cancer Mortality in Relation to Asthma and/or Hay Fever

Stratified by Age at Baseline in Women

<55 years >=55 years )4
Asthima 0.96(0.79, 1.16) 0.97 (0.85, 1.10) 0.60
Hay Fever 0.78 (0.68, 0.90) 0.86(0.78, 0.94) 0.12
Asthma and 0.71{0.52, 0.98) 0.78 (0.63, 0.97) 0.45
Hay Fever
Asthma and/or 0.85¢0.75, 0.56) 0.91 (0.84, 0.98} 0.17
Hay Fever

: Adjusted for race, smoking, education, marital status, BMI, occupational exposures, beer, wine, and
liquor consumption, chronic bronchitis, emphysema, tuberculosis, vegetable/fruit/fiber intake, fat intake,

and passive smoking
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Pancreatic Cancer

A total of 2 691 pancreatic cancer deaths were observed in men, and 2 468 in
women. Table 15, Table 16, and Table 17 summarize the results for pancreatic cancer
mortality in relation to asthma and/or hay fever in men and Table 18, Table 19, and Table
20 summarize the results in women. A history of hay fever was associated with a
significantly reduced overall risk of pancreatic cancer in men but not in women. Neither
a history of asthma nor asthma and hay fever were associated with overall pancreatic

cancer risk.

After stratification by smoking status, a significantly reduced risk for pancreatic
cancer was observed in females with hay fever who were never smokers. In males,
pancreatic cancer risk in relation to hay fever did not vary by smoking status. In men
who reported a history of asthma or asthma and hay fever at entry into the study, the risk
of pancreatic cancer was elevated among current smokers and reduced among never
smokers and approached statistical significance. No significant effect modification by

age at baseline was observed.
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Table 15. Hazard Ratios (95% CI) for Pancreatic Cancer Mortality in Relation to Asthma and/or Hay

Fever in Men

Asthima and/or ~ Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CD)! (95% CI)}
Asthma
Yes 109 325 840 35.50 0.99(0.82,1.20) 1.02(0.84, 1.24)
No 2416 6552116 36.43 1.00 1.00
Hay Fever
Yes 218 810 109 29.41 0.81(6.70,0.93y  0.86(0.74, 0.98)
No 2416 6552116 36.43 1.00 1.00
Asthma and
Hay Fever
Yes 52 152 010 37.73 1.07(0.81,1.41) 1.12(0.85,147)
No 2416 6552 116 3643 1.00 1.00
Asthma and/or
Hay Fever
Yes 275 983 939 30.15 0.83(0.74,0.94)y  0.87(0.77,0.99)
No 2416 6552116 3643 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

1 Age stratified and adjusted for race, smoking, education, BMI, alcohol, diabetes, gall stones, family
history of pancreatic cancer, vegetable consumption, red meat consumption, fruit consumption

Table 16. Hazard Ratios (95% CI) for Pancreatic Cancer Mortality in Relation to Asthma and/or Hay

Fever Stratified by Smoking Status in Men

.
Never Smokers

*
Former Smoker

Current Smoker

P

Asthma 0.86 (0.56, 1.34)
Hay Fever 0.91 (0.70, 1.18)
Asthma and 0.73 (0.38, 1.40)
Hay Fever
Asthma and/or 0.92(6.73,1.18)
Hay Fever

1.12(0.80, 1.59)
0.89 (0.68, 1.17)
1.23 (0.74, 2.06)

0.93 (0.73, 1.18)

1.40(0.98, 2.01)
0.91 (0.66, 1.26)
1.81 (1.08, 3.03)

0.97 (0.74, 1.28)

0.20
0.99
0.08

0.92

: Age stratified and adjusted for race, education, BMI, alcchol, diabetes, gall stones, family history of
pancreatic cancer, vegetable consumption, red meat consumption, fruit consumption

Table 17. Hazard Ratios (95% CI) for Pancreatic Cancer Mortality in Relation to Asthma and/or Hay

Fever Stratified by Age at Baseline in Men

<55 years*

>=55 years*

P
Asthma 1.24 (0.87, 1.78) 0.92 (0.73, 1.16) 0.24
Hay Fever 0.99 (0.76, 1.30) 0.75 (0.67, 0.93) 0.32
Asthma and 1.45(0.90, 2.32) 0.95 (0.68, 1.33) 0.23
Hay Fever
Asthma and/or 1.00(0.78, 1.28) 0.81 (0.70, 0.94) 0.29
Hay Fever

" Adjusted for race, smoking, education, BMI, alcohol, diabetes, gall stones, family history of pancreatic
cancer, vegetable consumption, red meat consumption, fruit consumption
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Table 18. Hazard Ratics (95% CI) for Pancreatic Cancer Mortality in Relation to Asthima and/or Hay

Fever in Women

Asthma and/or  Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deathis Hazard Ratio Hazard Ratio
Status (95% CI)f (95% CI)*
Asthma
Yes 120 474 558 27.46 1.14¢0.95,1.38)  1.14(0.94,1.37)
No 2141 8 747 815 24.09 1.00 1.00
Hay Fever
Yes 265 1346998 22.26 0.92(0.81,1.04) 0.95(0.83, 1.08)
No 2 141 8 747 815 24.09 1.00 1.00
Asthma and
Hay Fever
Yes 58 244 655 27.59 1.14 (0.88,1.48) 1.16(0.89, 1.51)
No 2 141 8 747 815 24.09 1.00 1.00
Asthima and/or
Hay Fever
Yes 327 1576 901 23.09 0.95(0.85,1.07)  0.98(0.87, 1.10)
No 2141 8 747 815 24.09 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

t Age stratified and adjusted for race, smoking, education, BMI, alcohol, diabetes, gall stones, family
history of pancreatic cancer, vegetable consumption, red meat consumption, fruit consumption

Table 19. Hazard Ratios (95% CI) for Pancreatic Cancer Mortality in Relation to Asthma and/or Hay
Fever Stratified by Smoking Status in Women

4
Never Smokers

*
Former Smoker

Current Smoker

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

1.06 (0.80, 1.40)

0.81 (0.67, 0.98)
0.92 (0.61, 1.39)

0.87 (0.73, 1.03)

1.21(0.82, 1.77)

1.04 (0.79, 1.38)
1.38 (0.82, 2.31)

1.04 (0.81, 1.35)

1.10 (0.74, 1.64)

1.12 (0.87, 1.45)
1.48 (0.88, 2.48)

1.07 (0.84, 1.36)

0.08
0.30

0.25

" Age stratified and adjusted for race, education, BMI, alcohol, diabetes, gall stones, family history of
pancreatic cancer, vegetable consumption, red meat consumption, fruit consumption

Table 20. Hazard Ratios (95% CI) for Pancreatic Cancer Mortality in Relation to Asthma and/or Hay
Fever Stratified by Age at Baseline in Women

<55 years

>=55 years*

I

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.88(0.57, 1.37)

0.82 (0.61, 1.09)
0.95 (0.54, 1.70)

0.81 (0.62, 1.06)

1.16(0.95, 1.42)

0.94 (0.82, 1.09)
1.15 (0.86, 1.55)

0.98 (0.86, 1.12)

0.26

0.32
0.54

G.19

’ Adjusted for race, education, smoking, BMI, alcohol, diabetes, gall stones, family history of pancreatic
cancer, vegetable consumption, red meat consumption, fruit consumption
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Non-Hedgkin’s Lymphoma

A total of 2 049 deaths from NHL in men and 1 752 deaths in women were
observed in the cohort. Table 21, Table 22, and Table 23 sumumarize the results for NHL
mortality in relation to asthma and/or hay fever in men and Table 24, Table 25, and Table
26 summarize the results for women. In men, a history of allergy had no effect on the
overall risk of NHL mortality, or on mortality according to smoking status or age at
baseline. In women, histories of asthma or hay fever were each associated with a 10%
reduction in risk. An even greater reduction in risk was seen in women who reported a
history of asthma and hay fever, although none of these reductions were statistically

"significant. No significant modification of risk was seen in women according to smoking
status. However, the protective effect of allergy on NHL mortality in women was greater

in those less than 55 years of age and approached statistical significance.
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Table 21 Hazard Ratios (95% CI) for NHL Mortality in Relation to Asthma and/or Hay Fever in Men

Asthma and/or ~ Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratic
Status (95% CDY (95% CD)}
Asthma
Yes 88 325 840 29.33 1.08(0.87,1.33)  1.09(0.88,1.35)
No 1799 6552116 27.15 1.00 1.00
Hay Fever
Yes 200 810 109 26.86 0.99(0.85,1.14) 1.01(0.87,1.17)
No 1798 6552116 27.15 1.06 1.00
Asthma and
Hay Fever
Yes 38 152 016 28.35 1.03(0.75,1.42)  1.05(0.76, 1.45)
No 1799 6552116 27.15 1.00 1.00
Asthma and/or
Hay Fever
Yes 250 983 939 27.52 1.01(0.88, 1.15)  1.03(0.90, 1.18)
No 1799 6552116 27.15 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

' Age stratified

i Age stratified and adjusted for race, smoking, BMI, education, family history of NHL

Table 22. Hazard Ratios (95% CI) for NHL Mortality in Men in Relation to Asthma and/or Hay Fever

Stratified by Smoking Status in Men

:
Never Smokers

Ever Smoker "'

p
Asthma 1.12 (0.74, 1.69) 1.10(0.81, 1.50) 0.94
Hay Fever 1.11 (0.86, 1.43) 0.97(0.77,1.22) 0.40
Asthma and 1.26(0.74, 2.15) 0.97 (0.58, 1.61) 0.45
Hay Fever
Asthma and/or 1.09 (0.86, 1.39) 1.02 (0.83, 1.24) 0.63
Hay Fever

" Age stratified and adjusted for race, BMI, education, family history of NHL
" Combines current, former, and ever cigarette smokers

Table 23. Hazard Ratios (95% CI) for NHL Mortality in Men in Relation to Asthma and/or Hay Fever

Stratified by Age at Baseline in Men

<55 years* >=55 years p
Asthma 0.85(0.54, 1.35) 1.15(0.90, 1.46) 0.21
Hay Fever 1.11(0.85, 1.46) 0.93 (0.78, 1.11) 0.45
Asthma and 1.19 (0.68, 2.06) 0.95 (0.64, 1.42) 0.64
Hay Fever
Asthma and/or 1.01(0.78, 1.313 1.00(0.86, 1.17) 0.83
Hay Fever

" Adjusted for race, smoking, BMI, education, family history of NHL
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Table 24. Hazard Ratios (95% CI) for NHL Mortality in Relation to Asthma and/or Hay Fever in Women

Asthma and/or  Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)f (95% CI)*
Asthma
Yes 68 474 558 15.64 0.91(0.71, 1.16)  0.90(0.71, 1.15)
No 1528 8 747 815 17.21 1.00 1.00
Hay Fever
Yes 186 1 346 998 15.37 0.89(0.76,1.04) 0.90(0.77, 1.05)
Neo 1528 8 747 815 17.21 1.00 1.00
Asthma and
Hay Fever
Yes 30 244 655 13.99 0.82(0.57,1.17)  0.82(0.57,1.17)
No 1528 8 747 815 17.21 1.00 1.00
Asthma and/or
Hay Fever
Yes 224 1576 901 15.69 0.91(0.79, 1.04)  0.91(0.79, 1.05)
No 1528 8 747 815 17.21 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

—

N

Age stratified
Age stratified adjusted for race, smoking, BMI, education, family history of NHL

Table 25. Hazard Ratios (95% CI) for NHL Mortality in Relation to Asthma and/or Hay Fever Stratified
by Smoking Status in Women

¥
Never Smokers

Ever Smoker *'

4

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.85 (0.60, 1.20)

0.88 (0.72, 1.09)
0.60 (0.34, 1.06)

0.92 (0.76, 1.11

0.82(0.56, 1.22)

0.96 (0.75, 1.22)
1.01 (0.60, 1.68)

0.90 (0.72, 1.14)

0.94

0.58
0.16

0.97

) Age stratified and adjusted for race, BMI, education, family history of NHL
" Combines current, former, and ever smokers

Table 26. Hazard Ratios (95% CI) for NHL Mortality in Relation to Asthma and/or Hay Fever Stratified
by Age at Baseline in Women

<55 years*

>=55 years P
Asthma 0.52 (0.28, 0.98) 0.99 (0.76, 1.29) 0.05
Hay Fever 0.69 (0.49, 6.97) 0.93140.79, 1.11) 0.09
Asthma and 0.38(0.14, 1.03) 0.93 (0.63, 1.37) 0.07
Hay Fever
Asthma and/or 0.69 (0.50, 0.95) 0.95 (0.81, 1.11) 0.06
Hay Fever

: Adjusted for race, smoking, BMI, education, family history of NHL
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eukemia

Deaths from leukemia occurred in 1 966 men and in 1 414 women. Table 27,
Table 28, and Table 29 summarize the results for leukemia mortality in relation to asthma
and/or hay fever in men and Table 30, Table 31, and Table 32 summarize the results in
women. In men, asthma was associated with a significantly reduced risk of leukemia
mortality. Hay fever did not affect risk for leukemia mortality in men. In women,
neither a history of asthma or hay fever was associated with leukemia mortality. In both
men and women, neither smoking status nor age at baseline had a significant effect on the

association between asthma and/or hay fever and leukemia.
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Table 27. Hazard Ratios (95% CI) for Leukemia Mortality in Relation to Asthma and/or Hay Fever in Men

Asthma and/or Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)f (95% CI)t
Asthma
Yes 47 325 840 15.56 0.60(0.44,0.80y  0.60 (0.45, 0.81)
No 1755 6552116 26.44 1.00 1.00
Hay Fever
Yes 187 810 109 25.23 0.96 (0.83, 1.12)  0.99(0.85, 1.15)
No 1755 6552 116 26.44 1.00 1.00
Asthma and
Hay Fever
Yes 23 152 010 17.88 0.66 (0.44, 1.00) ~ 0.68(0.45, 1.02)
No 1755 6552116 26.44 1.00 1.00
Asthma and/or
Hay Fever
Yes 211 983 939 23.15 0.88(0.77,1.02)  0.91(0.78, 1.05)
No 1755 6552116 26.44 1.00 1.00

X per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

4

Age stratified and adjusted for race, smoking, education, family history

Table 28. Hazard Ratios (95% CI) for Leukemia Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status in Men

£
Never Smokers

Ever Smoker "'

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.46 (0.23, 0.93)

1.01 (0.76, 1.36)
0.70 (0.31, 1.57)

0.90 (0.67, 1.20)

0.74 (0.51, 1.06)

1.08 (0.87, 1.34)
0.86 (0.50, 1.45)

0.99 (0.81, 1.20)

0.22

0.54
0.61

0.47

" Age stratified and adjusted for race, education, family history

" Includes current, former, and ever smokers

Table 29. Hazard Ratios (95% CI) for Leukemia Mortality in Relation to Asthma and/or Hay Fever
Stratified by Age at Baseline in Men

<55 years >=55 years* p
Asthma 0.70 (0.40, 1.22) 0.56 (0.40, 0.78) 0.52
Hay Fever 1.15(0.86, 1.54) 0.91(0.76, 1.08) 0.22
Asthma and 0.76 (0.36, 1.62) 0.61 (0.37, 1.00) 0.65
Hay Fever
Asthma and/or 1.06 (0.80, 1.40} 0.83 (0.70, 0.98) 0.18
Hay Fever

Adjusted for race, smoking, education, family history
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Table 30. Hazard Ratios (95% CI) for Leukemia Mortality in Relation to Asthma and/or Hay Fever in

‘Women
Asthma and/or ~ Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)' (95% CI)}
Asthma
Yes 61 474 558 13.90 1.02(0.79,1.32) 1.02(0.79,1.32)
No 1223 8 747 815 13.75 1.00 1.00
Hay Fever
Yes 159 1346 998 13.23 0.96(0.82,1.14) 0.97(0.82,1.14)
No 1223 8747815 13.75 1.00 1.00
Asthma and
Hay Fever
Yes 29 244 655 13,90 1.00(0.69, 1.45)  1.00(0.69,1.45)
No 1223 8 747 815 13.75 1.00 1.00
Asthma and/or
Hay Fever
Yes 191 1576901 13.36 0.98(0.84,1.14) 0.98(0.84, 1.14)
No 1223 8747 815 13.75 1.00 1.00

kW

Age stratified

Age stratified and adjusted for race, smoking, education, family history

per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

Table 31. Hazard Ratios (95% CI) for Leukemia Mortality in Relation to Asthma and/or Hay Fever

Stratified by Smoking Status in Women

*
Never Smokers

Ever Smoker "'

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

1.02(0.72, 1.46)

1.06 (0.85, 1.31)
1.21(0.76, 1.91)

1.02(0.84, 1.25)

0.99 (0.66, 1.47)

0.87 (0.66, 1.15)
0.66 (0.33, 1.34)

0.94 (0.74, 1.21)

0.33
0.16

0.66

" Age stratified and adjusted for race, education, family history

" Includes current; former, and ever smokers

Table 32. Hazard Ratios (95% CI) for Leukemia Mortality in Relation to Asthma and/or Hay Fever

Stratified by Age at Baseline in Women

<55 years*

>=55 years

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.69 (0.37, 1.30)

0.89 (0.63, 1.25)
0.75 (0.34, 1.70)

0.85 (0.61, 1.18)

1.07 (0.81, 1.42)

0.94 (0.78, 1.13)
1.01 (0.67, 1.53)

0.97 (0.81, 1.15)

0.76
0.50

0.48

" Adjusted for race, smoking, education, family history

73



Multiple Myeloma

The total number of deaths from multiple myeloma was 1 005 in men and 916 in
women. Table 33, Table 34, and Table 35 summarize the results for mortality from
multiple myeloma in relation to asthma and/or hay fever in men; results for women are
presented in Table 36, Table 37, and Table 38. Although overall risk estimates showed
no effect of asthma and/or hay fever on mortality from multiple myeloma, risk estimates
were found to vary significantly by smoking status. In men who were never smokers, a
two-fold significant increase in mortality from multiple myeloma was observed in
asthmatics. An increased risk was also seen in males with asthma and hay fever. In
women, the opposite was found. Significant protective effects of both asthma and hay
fever were found in never smokers, while ever smokers were at increased risk for
mortality from multiple myeloma. Age at baseline did not exert a significant effect on

the association between asthma and/or hay fever and multiple myeloma.
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Table 33. Hazard Ratios (95% CI) for Multiple Myeloma Maortality in Relation to Asthma and/or Hay

Fever in Men

Asthma and/or  Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)f (95% CI)}
Asthma
Yes 46 325 840 15.03 1.16(0.86,1.56) 1.18 (0.88,1.59)
No 880 6552116 13.27 1.00 1.00
Hay Fever
Yes 95 810 109 12.83 0.96(0.78, 1.19)  1.00(0.81, 1.24)
No 880 6552116 13.27 1.00 1.00
Asthma and
Hay Fever
Yes 16 152 010 11.25 0.90(0.55,1.47) 0.94(0.58, 1.55)
No 880 6552116 13.27 1.00 1.00
Asthma and/or
Hay Fever
Yes A 125 983 939 13.77 1.04 (0.86, 1.25)  1.07(0.89, 1.29)
No 880 6552 116 13.27 1.00 1.00

—

Age stratified

+

Age stratified and adjusted for race, smoking, education

per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

Table 34. Hazard Ratios (95% CI) for Multiple Myeloma Mortality in Men in Relation to Asthma and/or
Hay Fever Stratified by Smoking Status in Men

E]
Never Smokers

Ever Smoker '

p
Asthma 2.13(1.39, 3.28) 0.84 (0.51, 1.38) 0.006
Hay Fever 1.10(0.77, 1.57) 0.92 (0.65, 1.28) 0.53
Asthma and 1.68 (0.86, 3.28) 0.54 (0.20, 1.45) 0.06
Hay Fever
Asthma and/or 1.32 (0.96, 1.80) 0.94 (0.70, 1.26) 0.15
Hay Fever

" Age stratified and adjusted for race, education
¥ Combines current, former, and ever cigarette smokers

Table 35. Hazard Ratios (95% CI) for Multiple Myeloma Mortality in Men in Relation to Asthma and/or
Hay Fever Stratified by Age at Baseline in Men

<55 years >=55 years p
Asthma 1.04 (0.57, 1.92) 1.19 (0.84, 1.67) 0.75
Hay Fever 1.07(0.72, 1.59) 0.4 (0.73,1.21) 0.58
Asthina and 1.16 (0.52, 2.63) 0.80 (0.43, 1.50) 0.46
Hay Fever
Asthma and/or 1.04 (0.72, 1.52) 1.04 (0.84, :1.30) 0.96
Hay Fever

" Adjusted for race, smoking, education
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Table 36. Hazard Ratios {95% CI} for Multiple Myeloma Mortality in Relation to Asthma and/or Hay

Fever in Women

Asthma and/or ~ Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CD)! (95% CI)*
Asthme
Yes 34 474 558 7.58 0.86(0.61,1.21)  0.85(0.60, 1.20)
No 802 8 747 815 9.04 1.00 1.00
Hay Fever
Yes 101 1346998 8.09 0.91(0.74,1.12)  0.91(0.74, 1.12)
No 802 8 747 815 9.04 1.00 1.00
Asthma and
Hay Fever
Yes 21 244 655 9.46 1.08 (0.70, 1.66)  1.08 (0.70, 1.67)
No 802 8 747 815 9.04 1.00 1.00
Asthma and/or
Hay Fever
Yes 114 1576 901 7.74 0.87 (0.72, 1.06)  0.86(0.71, 1.05)
No 802 8 747 815 9.04 1.00 1.00

i per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

" Age stratified

! Age stratified adjusted for race, smoking, education

Table 37. Hazard Ratios (95% CI) for Multiple Myeloma Mortality in Relation to Asthma and/or Hay
Fever Stratified by Smoking Status in Women

£l
Never Smokers

Ever Smoker "'

p
Asthma 0.53 (0.30, 0.94) 1.27 (0.80, 2.03) 0.02
Hay Fever 0.68 (0.50, 0.92) 1.32(0.97, 1.80) 0.006
Asthma and 0.61(0.29, 1.29) 1.75(0.98, 3.12) 0.03
Hay Fever
Asthma and/or 0.65(0.49, 0.86) 1.24 (0.93, 1.66) 0.004
Hay Fever

: Age stratified and adjusted for race, education
t Combines current, former, and ever smokers

Table 38. Hazard Ratios {95% CI) for Multiple Myeloma Mortality in Relation to Asthma and/or Hay
Fever Stratified by Age at Baseline in Women

<55 years >=55 years P
Asthma 0.89 (0.45, 1.74) 0.81 (0.54, 1.20) 0.81
Hay Fever 0.97 (0.66, 1.45) 0.86 (0.67, 1.09) 0.60
Asthma and 1.36(0.61,2.77) 0.96 (0.56, 1.62) 0.56
Hay Fever
Asthma and/or 0.90 (0.61, 1.32) 0.83 (0.66, 1.04) 0.71
Hay Fever

" Adjusted for race, smoking, education
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Brain Cancer

A total of 1 158 deaths from brain cancer occurred during the follow-up period in
men, with 1 036 deaths in women. Table 39, Table 40, and Table 41 summarize the
results for mortality from brain cancer in relation to asthma and/or hay fever in men, and
Table 42, Table 43, and Table 44 summarize the results in women. Overall, a history of
allergy did not exert a protective effect on brain cancer mortality in men, but did appear
to exert a protective influence against brain cancer mortality in women. The greatest
protective effect was seen in women with a history of asthma and hay fever, where a 30%

reduction in risk was observed.

Examination of hazard ratios by smoking status did not reveal any significant
findings, although the protective effect of asthma and hay fever in women was attenuated
by approximately 15% when restricted to never smokers only. Age at baseline did not
exert an effect on risk estimates in men. A significant protective effect of hay fever was

seen only in women less than 55 years of age.
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Table 39. Hazazd Ratios (95% CI) for Brain Cancer Mortality in Relation to Astbma and/or Hay Fever in

Men
Asthma and/or Number Person-Years  Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CIy! (95% CI)*
Asthma
Yes 51 325 840 16.15 1.06 (0.80, 1.41)  1.05(0.79, 1.40)
No 1014 6552116 15.38 1.00 1.00
Hay Fever
Yes 121 810 109 15.50 1.02(0.84,1.23) 1.00(0.82,1.21)
Ne 1014 6552116 15.38 1.00 1.00
Asthma and
Hay Fever
Yes 28 152 010 19.14 1.28(0.88, 1.86)  1.24(0.85, 1.81)
No 1014 6552116 15.38 1.00 1.00
Asthma and/or
Hay Fever
Yes 144 983 939 15.15 0.99(0.83,1.18)  0.98(0.82,1.17)
No 1014 6552116 15.38 1.00 1.00

£y

+

" Age stratified

per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

¢ Age stratified and adjusted for race, smoking, BMI, education, vegetable intake, family history of brain

cancer

Table 40. Hazard Ratios (95% CI) for Brain Cancer Mortality in Relation to Asthma and/or Hay Fever

Stratified by Smoking Status in Men

£
Never Smokers

s
Ever Smoker '

p
Asthma 1.37 (0.86, 2.18) 0.89 (0.57, 1.40) 0.20
Hay Fever 1.10 (0.80, 1.50) 1.01 (0.75, 1.306) 0.74
Asthma and 1.34(0.71, 2.53) 1.08 (0.58, 2.02) 0.65
Hay Fever

Asthma and/or 1.13 (0.85, 1.52) 0.96 (0.73, 1.26) 0.42
Hay Fever

" Age stratified and adjusted for race, BMI, education, vegetable intake, family history of brain cancer
t Combines current, former, and ever cigarette smokers

Table 41. Hazard Ratios (95% CI) for Brain Cancer Mortality in Relation to Asthma and/or Hay Fever

Stratified by Age at Baseline in Men

<55 years* >=55 years* D
Asthma 0.98 (0.61, 1.57) 1.08 (0.76, 1.53) 0.74
Hay Fever 0.97 (0.71, 1.33) 1.00(0.78, 1.27) 0.90
Asthma and 1.18(0.64,2.15) 1.26(0.78, 2.03) 0.86
Hay Fever
Asthma and/or 0.4 (0.70, 1.26) 0.98 (0.79, 1.23) 0.80
Hay Fever

" Adjusted for race, smoking, BMI, education, vegetable intake, family history of brain cancer
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Table 42. Hazard Ratics (85% CI) for Brain Cancer Mortality in Relation to Asthima and/or Hay Fever in

Women
Asthma and/or Number Person-Years  Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% Cnyf (95% CIy*
Asthma .
Yes 40 474 558 8.85 0.87(0.63,1.19)  0.87(0.63, 1.19)
No 893 8 747 815 10.12 1.00 1.00
Hay Fever
Yes o118 1346998 9.43 0.92(0.76,1.12y 0.92(6.76,1.11)
No 893 8 747 815 10.12 1.00 1.00
Asthma and
Hay Fever
Yes 16 244 655 7.08 0.69(0.42, 1.13)  0.68(0.42,1.12)
No 893 8 747 815 10.12 1.00 1.00
Asthma and/or
Hay Fever
Yes 143 1576 901 9.61 0.94(0.79, 1.12)  0.94(0.79, 1.12)
No 893 8 747 815 10.12 1.00 1.00

* per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

! Age stratified

1 Age stratified adjusted for race, smoking, BMI, education, vegetable intake, family history of brain
cancer

Table 43. Hazard Ratios (95% CI) for Brain Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status in Women

¥
Never Smokers

Ever Smoker "'

p
Asthma 1.00 (0.67, 1.50) 0.73 (0.43, 1.25) 0.36
Hay Fever 0.92 (0.72, 1.19) 0.92 (0.67, 1.27) 0.92
Asthma and 0.83 (0.46, 1.50) 0.55(0.23, 1.33) 0.42
Hay Fever
Asthma and/or 0.96 (0.76, 1.21) 0.92 (0.68, 1.23) 0.77
Hay Fever

" Age stratified and adjusted for race, BMI, education, vegetable intake, family history of brain cancer
 Combines current, former, and ever smokers

Table 44. Hazard Ratios (95% CI) for Brain Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Age at Baseline in Women

>=55 years

<55 years )4
Asthma 0.73(0.41, 1.30) 0.94 (0.64, 1.37) 0.44
Hay Fever 0.76 (0.49, 1.00) 1.03(0.82, 1.30) 0.05
Asthma and 0.55(0.23, 1.34) 0.76 (0.42, 1.38) 0.50
Hay Fever
Asthma and/or 0.73(0.52, 1.01) 1.04 (0.84, 1.29) 0.05
Hay Fever

¥ Adjusted for race, smoking, BMI, education, vegetable intake, family history of brain cancer
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Colorectal Cancer

In men, a total of 4 822 colorectal cancer deaths were observed through to the end
of follow-up, along with 4 518 deaths in women. Table 45, Table 46, and Table 47
summarize the results for colorectal cancer mortality in relation to asthma and/or hay
fever in men, and Table 48, Table 49, and Table 50 summarize the results in women. A
significant reduction in risk for colorectal cancer mortality was observed in men with a
history of hay fever, asthma and hay fever, and asthma or hay fever. There was a similar
protective effect in women, although none of these effects were significant. The greatest
reduction in risk occurred among those with asthma and hay fever, where a 20-25%
reduction in risk of colorectal cancervmortality was observed. No significant effect

modification was observed according to smoking status or age at baseline.
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Table 45. Hazard Ratios (95% CI) for Colorectal Cancer Mortality in Relation to Asthma and/or Hay

Fever m Men

Asthma and/or  Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI) (95% CD*
Asthma
Yes 171 325 840 56.33 0.88(0.75,1.02) 0.99(0.78, 1.05)
No 4329 6552116 65.24 1.00 1.0¢
Hay Fever
Yes 382 810 109 52.47 0.80(0.72,0.89)  0.87(0.78, 0.96)
No 4329 6552116 65.24 1.00 1.00
Asthma and
Hay Fever
Yes 60 152 010 45.39 0.69(0.54,0.90)  0.75(0.58, 0.96)
No 4329 6552116 65.24 1.00 1.00
Asthma and/or
Hay Fever
Yes 493 983 939 54.83 0.84 (0.77,0.92)  0.90(0.82, 0.99)
No 4329 6552116 65.24 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

¢ Age stratified and adjusted for race, smoking, education, BMI, exercise, alcohol, aspirin, vegetable

intake, red meat intake, fiber intake, multivitamin use, family history

Table 46. Hazard Ratios (95% CI) for Colorectal Cancer Mortality in Relation to Asthma and/or Hay
Fever Stratified by Smoking Status in Men

*H
Never Smokers

Ed
Former Smoker

Current Smoker

p

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.76 (0.54, 1.07)
0.81 (0.66, 1.00)
0.68 (0.40, 1.12)

0.82(0.68, 0.99)

0.86 (0.65, 1.12)
0.81 (0.67, 0.99)
0.71(0.45, 1.14)

0.84 (0.71, 1.00)

1.22(0.87, 1.73)
0.86 (0.64, 1.15)
0.79 (0.40, 1.60)

1.01 (0.79, 1.28)

0.15
0.92
0.94

0.34

. Age stratified and adjusted for race, education, BMI, exercise, alcohol, aspirin, vegetable intake, red meat
intake, fiber intake, multivitamin use, family history

Table 47. Hazard Ratios (95% CI) for Colorectal Cancer Mortality in Relation to Asthma and/or Hay

Fever Stratified by Age at Baseline in Men

<55 years'k

>=55 years*

D
Agthma 0.97 (0.72, 1.30) 0.85 (0.71, 1.02) 0.48
Hay Fever 0.70 (0.56, 0.88) 0.88 (0.79, 1.00) 0.07
Asthma and 0.70(0.42, 1.15) 0.73 (0.54, 0.98) 0.89
Hay Fever
Asthma and/or 0.79 (0.65, 0.97} 0.90 (0.81, 1.00) 0.27
Hay Fever

’ Adjusted for race, smoking, education, BMI, exercise, alcohol, aspirin, vegetable intake, red meat intake,
fiber intake, multivitamin use, family history
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Table 48. Hazard Ratios (95% CI) for Colorectal Cancer Mortality in Relation to Asthma and/or Hay

Fever in Women

Asthma and/or ~ Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CD' (95% CD)*
Asthma
Yes 186 474 558 41.15 0.94 (0.81,1.09) 0.95(0.82, 1.10)
No 3949 8747 815 4439 1.00 1.00
Hay Fever
Yes 459 1346998 38.09 0.86(0.78,0.95)  0.92 (0.84, 1.02)
No 3949 8 747 815 44.3% 1.00 1.00
Asthma and
Hay Fever
Yes 70 244 655 34.09 0.76 (0.60, 0.96)  0.80(0.63,1.01)
No 3949 8 747 815 44.39 1.00 1.00
Asthma and/or
Hay Fever
Yes 569 1576901 38.76 0.90(0.83,0.99) 0.95(0.87, 1.04)
No 3949 8 747 815 44.39 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

' Age stratified

? Age stratified and adjusted for race, smoking, education, BMI, exercise, alcohol, aspirin, vegetable
intake, red meat intake, fiber intake, ERT use, multivitamin use, family history

Table 49. Hazard Ratios (95% CI) for Colorectal Cancer Mortality in Relation to Asthma and/or Hay
Fever Stratified by Smoking Status in Women

*
Never Smokers

C)
Former Smoker

Current Smoker

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

1.08 (0.89, 1.32)

0.98 (0.86, 1.12)
0.86 (0.62, 1.18)

1.03(0.92, 1.16)

0.86 (0.62, 1.18)

0.97 (0.79, 1.20)
0.74 (0.45, 1.22)

0.97 (0.80, 1.17)

0.88 (0.60, 1.27)

0.74 (0.57, 0.96)
0.86 (0.48, 1.52)

0.77 (0.61, 0.97)

0.16
0.91

0.08

: Age stratified and adjusted for race, education, BMI, exercise, alcohol, aspirin, vegetable intake, red meat

intake, fiber intake, ERT use, multivitamin use, family history

Table 50. Hazard Ratios (95% CI) for Colorectal Cancer Mortality in Relation to Asthma and/or Hay
Fever Stratified by Age at Baseline in Women

<55 years’x

>=55 years

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.85(0.61, 1.17)

0.92(0.76, 1.12)
0.71 (0.4, 1.14)

0.93(0.78, 1.12)

0.94 (0.80, 1.12)

0.89 (0.79, 0.99)
0.78 (0.60, 1.03)

0.92 (0.83, 1.02)

0.84
0.65

1.00

i Adjusted for race, smoking, education, BMI, exercise, alcohol, aspirin, vegetable intake, red meat intake,
fiber intake, ERT use, multivitamin use, family history
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Stomach Cancer

A total of 1 309 stomach cancer deaths occurred in men and 722 occurred in
women through to the end of follow-up. Table 51, Table 52, and Table 53 summarize the
results for mortality from stomach cancer in relation to asthma and/or hay fever in men
and Table 54, Table 55, and Table 56 summarize the results in women. Overall, a history
of allergy was associated with a reduced risk of stomach cancer mortality in both men
and women. Protective effects ranged from 6% to 24% although none of these reductions
were statistically significant. Both smoking status and age at baseline did not

significantly alter the hazard ratios in men or women.
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Table 51. Hazard Ratios (95% CI) for Stomach Cancer Mortality in Relation o Asthma and/or Hay Fever

i Men
Asthma and/or  Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CD)f (95% CI)f
Asthima
Yes 38 325 840 12.45 0.70(0.51,0.98) 0.75(0.54,1.04)
No 1184 6552116 17.85 1.00 1.00
Hay Fever
Yes 106 810 109 14.67 0.81(0.66,0.99) 0.93(0.76, 1.14;
No 1184 6552116 17.85 1.00 1.60
Asthma and
Hay Fever
Yes 19 152 010 14.36 0.80(0.51,1.26) 0.92(0.59, 1.46)
No 1184 6552116 17.85 1.00 1.00
Asthma and/or
Hay Fever
Yes 125 983 939 13.92 0.78 (0.65,0.94)  0.87(0.72, 1.04)
No 1184 6552116 17.85 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

t Age stratified and adjusted for race, smoking, education, BMI, aspirin, vegetable intake, fruit intake, fiber
intake, number of siblings, family history

Table 52. Hazard Ratios (95% CI) for Stomach Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status in Men

£
Never Smokers

gy
Ever Smoker '

4

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.94 (0.48, 1.84)
0.92 (0.61, 1.40)
0.85(0.32, 2.29)

0.94 (0.64, 1.39)

0.69 (0.44, 1.07)
0.93 (0.70, 1.22)
1.03 (0.57, 1.86)

0.82 (0.63, 1.06)

0.49
0.87
0.71

0.68

" Age stratified and adjusted for race, education, BMI, aspirin, vegetable intake, fruit intake, fiber intake,
number of siblings, family history
T Includes current, former, and ever cigarette smokers

Table 53. Hazard Ratios (95% CI) for Stomach Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Age at Baseline in Men

<55 years

>=55 years*

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.79 (0.42, 1.49)

0.90 (0.61, 1.35)
0.70 (0.26, 1.87)

0.90 (0.62, 1.29)

0.71 (0.49, 1.04)

0.90 (0.71, 1.13)
0.96 (0.58, 1.60)

0.82 (0.66, 1.02}

1.00
0.52

0.71

¥ Adjusted for race, smoking, education, BMI, aspirin, vegetable intake, fruit intake, fiber intake, number
of siblings, family history
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Table 54. Hazard Ratios (95% CI} for Stomach Cancer Mortality in Relation to Asthma and/or Hay Fever

in Womien
Asthma and/or ~ Number Person-Years Death Rate’ Apge-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CI)f (95% CI)?
Asthma
Yes 28 474 558 6.41 0.90(0.62,1.32y 0.88(0.60, 1.29)
No 635 8 747 815 7.13 1.00 1.00
Hay Fever
Yes 72 1346998 6.03 0.84 (0.606, 1.08) .89 (0.70, 1.13)
No 635 8 747 815 7.13 1.00 1.00
Asthma and
Hay Fever
Yes 13 244 655 5.86 0.88(0.50,1.52) 0.91(0.52, 1.58)
No 635 8 747 815 7.13 1.00 1.00
Asthma and/or
Hay Fever
Yes 87 1576901 6.15 0.86 (0.69, 1.08)  0.88 (0.71, 1.11)
No 635 8 747 815 7.13 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

T Age stratified

: Age stratified and adjusted for race, smoking, education, BMI, aspirin, vegetable intake, fiuit intake, fiber

intake, number of siblings, family history

Table 55. Hazard Ratios (95% CI) for Stomach Cancer Mortality in Relation to Asthma and/or Hay Fever

Stratified by Smoking Status in Women

Never Smokers

A e
Ever Smoker '

p
Asthma 0.87 (0.51, 1.49) 0.84 (047, 1.50) 1.00
Hay Fever 0.95(0.68, 1.30) 0.76 (0.50, 1.15) 0.48
Asthma and 0.80 (0.36, 1.80) 1.12 (0.53, 2.38) 0.50
Hay Fever
Asthma and/or 0.94 (0.70, 1.27) 0.74 (0.50, 1.08) 0.37
Hay Fever

’ Age stratified and adjusted for race, education, BMI, aspirin, vegetable intake, fruit intake, fiber intake,

number of siblings, family history

" Combines current, former, and ever cigarette smokers

Table 56. Hazard Ratios (85% CI) for Stomach Cancer Mortality in Relation to Asthma and/or Hay Fever

Stratified by Age at Baseline in Women

<55 years >=55 years P
Asthma 0.65(0.27, 1.60) 0.92 {0.61, 1.40) 0.47
Hay Fever 0.91 (0.56, 1.48) 0.83(0.63, 1.11) 0.85
Asthma and 1.28(0.53, 3.16) 0.71 (0.36, 1.44) 0.34
Hay Fever
Asthma and/or 0.77 (0.48, 1.25) 0.88 (0.68, 1.14) 0.57
Hay Fever

" Adjusted for race, smoking, education, BMI, aspirin, vegetable intake, fruit intake, fiber intake, number

of siblings, family history
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Prostate Cancer

A total of 5 674 deaths from prostate cancer were observed in the 18 years of
follow-up in this cohort. Table 57, Table 58, and Table 59 summarize the results for
prostate cancer mortality in relation to asthma and/or hay fever. Overall, a history of
allergy was not associated with prostate cancer mortality. (Although a modest reduction
in risk of about 5% was observed in relation to a history of asthma and/or hay fever, these
results were not significant). Null values were also reported in those who were never
smokers. No significant interaction was observed between any allergy category and

smoking status or age at baseline.
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Table 57. Hazard Ratios (95% CI) for Prostate Cancer in Relation to Asthima and/or Hay Fever

Asthina and/or ~ Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CDf (95% C1)f
Asthma
Yes 200 325 840 68.44 0.92 (0.80,1.06) 0.93(0.81,1.07)
No 5068 6552116 75.95 1.00 1.00
Hay Fever
Yes 492 810 109 71.45 0.93 (0.84,1.02)  0.95(0.86, 1.04)
No 5 068 6552116 75.95 1.00 1.00
Asthma and
Hay Fever
Yes 86 152 010 69.56 0.92(0.74,1.13)  0.94(0.76,1.17)
No 5068 6552116 75.95 1.00 1.00
Asthma and/or
Hay Fever
Yes 606 983 939 70.60 0.93 (0.85, 1.01)  0.94(0.86, 1.02)
No 5068 6552116 75.95 1.00 1.00

) per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

¥ Age stratified

1 Age stratified and adjusted for race, smoking, education, BMI, exercise, alcohol, family history of
prostate cancer, vegetable consumption, fat consumption, red meat consumption

Table 58. Hazard Ratios (95% CI) for Prostate Cancer in Relation to Asthma and/or Hay Fever Stratified

by Smoking Status
Never Smokers’ Former Smoker Current Smoker p

Asthma 0.96 (0.74, 1.26) 1.01(0.79, 1.29) 0.96 (0.65, 1.43) 0.95
Hay Fever 1.05(0.89, 1.23) 0.88(0.73, 1.05) 1.05 (0.80, 1.37) 0.37
Asthma and 1.06 (0.74, 1.53) 0.97 (0.66, 1.43) 1.12 (0.62, 2.03) 0.95
Hay Fever

Asthma and/or 1.02 (0.88, 1.18) 0.91 (0.78, 1.07) 1.00(0.79, 1.28) 0.64
Hay Fever

: Age stratified and adjusted for race, education, BMI, exercise, alcohol, family history of prostate cancer,
vegetable consumption, fat consumption, red meat consumption

Table 59. Hazard Ratios (35% CI) for Prostate Cancer in Relation to Asthima and/or Hay Fever Stratified
by Age at Baseline

<55 ye:ars’B

>=55 years*

p
Asthma 0.72 (046, 1.14) 0.92 (0.79, 1.06) 0.25
Hay Fever 0.78 (0.58, 1.04) 0.92 (0.83, 1.01) 6.17
Asthma and 0.86(0.47, 1.56) 0.88(0.70, 1.1D) 0.81
Hay Fever
Asthma and/or 0.74 (0.57, 0.98) 0.92 (0.84, 1.00) 0.07
Hay Fever

: Adjusted for race, smoking, education, BMI, exercise, alcohol, family history of prostate cancer,

vegetable consumption, fat consumption, red meat consumption
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Breast Cancer

A total of 5 246 deaths from breast cancer were observed in the cohort following
exclusions. Table 60, Table 61, and Table 62 summarize the results for breast cancer
mortality in relation to asthma and/or hay fever. A history of asthma or hay fever
independently did not exert affect overall breast cancer mortality. Howéver, a history of
both asthma and hay fever was associated with a 14% reduction in risk. The effect of hay
fever on breast cancer mortality was seen to vary significantly by smoking status; a
significantly reduced risk was noted in former smokers, with null effects in never

smokers and current smokers. No significant effect modification by age was observed.
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Table 60. Hazard Ratios (55% CI) for Breast Cancer in Relation to Asthma and/or Hay Fever in Women

Asthima and/or .~ Number Person-Years Death Rate’ Age-adjusted Fully-adjusted
Hay Fever of Deathis Hazard Ratio Hazard Ratio
Status (95% ! (95% CD?
Asthma
Yes 228 474 558 49.85 0.98(0.86,1.12) 0.98(0.86,1.12)
No 4493 8747 815 51.02 1.00 1.00
Hay Fever
Yes 625 1346998 48.34 0.95(0.87,1.03) 0.97 (0.89, 1.06)
No 4493 8 747 815 51.02 1.00 1.60
Asthma and
Hay Fever
Yes 100 244 655 42.88 0.85(0.70, 1.04)  0.86(0.71, 1.05)
No 4493 8 747 815 51.02 1.00 1.00
Asthma and/or
Hay Fever
Yes 753 1576 901 49.63 0.98 (0.90,1.05) 0.99(0.92,1.07)
No 4493 8747 815 51.02 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

" Age stratified

' Age stratified and adjusted for race, smoking, education, BMI, exercise, alcohol, OC use, ERT use, age at
first birth, age at menarche, age at menopause, height, family history of breast cancer

Table 61. Hazard Ratios (95% CI) for Breast Cancer in Relation to Asthhma and/or Hay Fever Stratified by
Smoking Status in Women

£
Never Smokers

e
Former Smoker

Current Smoker

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

1.01 (0.84, 1.22)

1.02 (0.92, 1.14)
0.92 (0.70, 1.20)

1.04 (0.93, 1.15)

1.01(0.77, 1.32)

0.77 (0.63, 0.95)
0.80(0.53, 1.21)

0.85 (0.71, 1.02)

0.93 (0.68, 1.28)

1.03 (0.85, 1.26)
0.74 (0.4, 1.26)

1.04 (0.87, 1.25)

0.05
0.63

0.15

: Age stratified and adjusted for race, education, BMI, exercise, alcohol, OC use, ERT use, age at first
birth, age at menarche, age at menopause, height, family history of breast cancer

Table 62. Hazard Ratios (35% CI) for Breast Cancer in Relation to Asthma and/or Hay Fever Stratified by
Age at Baseline in Women

<55 years*

>=55 years

Asthma

“Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.90(0.72, 1.12)

0.99 (0.87, 1.12)
0.86 (0.64, 1.16)

0.98 (0.87, 1.11)

1.03(0.87, 1.22)

0.95 (0.85, 1.06)
0.85 (0.65, 1.11)

0.99 (0.90, 1.10)

0.65
1.00

0.89

’ Adjusted for race, smoking, education, BMI, exercise, alcohol, OC use, ERT use, age at first birth, age at

menarche, age at menopause, height, family history of breast cancer
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Ovarian Cancer

A total of 1 989 ovarian cancer deaths were observed. Table 63, Table 64, and
Table 65 summarize the results for ovarian cancer mortality in relation to asthma and/or
hay fever. A history of asthma was associated with a nearly 20% reduction in risk for
ovarian cancer mortality, and approached statistical significance. Hay fever was not
associated with ovarian cancer mortality overall. Smoking status did not modify the
association between a history of allergy and ovarian cancer mortality. Age at baseline
was found to significantly modify the effect of a history of hay fever, with a reduction of
approximately 20% in the risk for ovarian cancer mortality seen in those less than 55

years old at baseline.
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Table 63, Hazard Ratiocs (95% CI) for Ovarian Cancer Mortality in Relation to Asthma and/or Hay Fever

Asthma and/or-  Number Person-Years Death Rate’ Age-adiusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CO)f (95% CI)*
Asthma
Yes 67 296 291 25.22 0.82(0.64,1.05) 0.82(0.64, 1.04)
No 1727 5791214 30.76 1.00 1.00
Hay Fever
Yes 229 842 254 31.24 1.06(0.87,1.14)  1.00(0.87, 1.15)
Neo 1727 5791214 30.76 1.00 1.00
Asthma and
Hay Fever
Yes 34 151292 26.74 0.84 (0.60,1.18)  0.84 (0.60, 1.18)
No 1727 5791214 30.76 1.00 1.00
Asthima and/or
Hay Fever
Yes 262 987 652 30.11 0.97(0.85,1.10)  0.97(0.85, 1.10)
No 1727 5791214 30.76 1.00 1.00

" per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cohort

" Age stratified

i Age stratified and adjusted for race, smoking, education, BMI, exercise, parity, age at menarche, age at

menopause, OC use, ERT use, tubal ligation, family history of breast or ovarian cancer

Table 64. Hazard Ratios (95% CI) for Ovarian Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Smoking Status

&
Never Smokers

¥
Former Smoker

Current Smoker

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.84 (0.60, 1.18)

1.04 (0.87, 1.25)
0.93 (0.60, 1.44)

1.00 (0.84, 1.19)

0.86 (0.54, 1.36)

1.02 (0.76, 1.36)
0.66 (0.31, 1.41)

1.02 (0.79, 1.33)

0.75 (0.40, 1.40)

0.92 (0.64, 1.33)
0.84 (0.34, 2.02)

0.88 (0.62, 1.24)

0.86
0.74

0.79

: Age stratified and adjusted for race, education, BMI, exercise, alcohol, OC use, ERT use, age at first
birth, age at menarche, age at menopause, height, family history of breast cancer

Table 65. Hazard Ratios (95% CI) for Ovarian Cancer Mortality in Relation to Asthma and/or Hay Fever
Stratified by Age at Baseline

<53 years*

>=55 years*

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.79 (0.53, 1.20)

0.81 (0.63, 1.04)
0.80 (0.46, 1.39)

0.81(0.64, 1.02)

0.81 (0.60, 1.10)

1.10(0.93, 1.30)
0.86 (0.56, 1.32)

1.05 (0.90, 1.23)

0.03
0.82

0.05

" Adjusted for race, smoking, education, BMI, exercise, alcohol, OC use, ERT use, age at first birth, age at

menarche, age at menopause, height, family history of breast cancer
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Uterine Cancer

A total of 981 deaths from uterine cancer were observed in the cohort. Table
66, Table 67, and Table 68 summarize the results for mortality from uterus cancer in
relation to asthma and/or hay fever. A significant reduction in risk for uterus cancer
‘mortality was observed in asthmatics. A 40% reduction in risk was also observed in
those reporting both a history of asthma and hay fever. No significant effect modification

was noted by either smoking status or age at baseline.
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Table 66, Hazard Ratios (95% CI) for Uterus Cancer in Relation to Asthma and/or Hay Fever

Asthma and/or Number Person-Years Death Rate Age-adjusted Fully-adjusted
Hay Fever of Deaths Hazard Ratio Hazard Ratio
Status (95% CD)' (95% CI)*
Asthma
Yes 28 306 965 10.42 0.71(0.48,1.03) 0.67(0.46,097;
No 856 5967 988 14.86 1.00 1.00
Hay Fever
Yes 109 871 048 14.69 0.98 (0.80,1.20) 0.95(0.78, 1.16)
No 856 5967 988 14.86 1.00 1.00
Asthma and
Hay Fever
Yes 12 157 073 9.40 0.62 (0.35,1.10)  0.59(0.33, 1.04)
No 856 5967 988 14.86 1.00 1.60
Asthma and/or
Hay Fever
Yes 125 1020940 14.15 0.95(0.79, 1.15)  0.92 (0.76, 1.10)
No 856 5967 988 14.86 1.00 1.00

’ per 100 000 person-years, age-standardized to the sex-specific age distribution of the entire cchort

1 Age stratified

: Age stratified and adjusted for race, smoking, education, BMI, parity, diabetes, ERT use, OC use, age at
menarche, age at menopause, exercise, hypertension

Table 67. Hazard Ratios (35% CI) for Uterus Cancer in Relation to Asthma and/or Hay Fever Stratified by

Smoking Status

Ll
Never Smokers

Ever Smokers

Asthma

Hay Fever
Asthma and
Hay Fever
Asthma and/or
Hay Fever

0.82(0.52, 1.28)

0.84 (0.64, 1.10)
0.65 (0.32, 1.31)

0.86 (0.68, 1.10)

0.52(0.26, 1.05)

1.10 (0.79, 1.53)
0.56 (0.21, 1.51)

0.99 (0.72, 1.35)

0.20
0.81

0.49

: Age stratified and adjusted for race, education, BMI, parity, diabetes, ERT use, OC use, age at menarche,
age at menopause, e€xercise, hypertension
" Combines current, former, and ever smokers

Table 68. Hazard Ratios (95% CI) for Uterus Cancer in Relation to Asthma and/or Hay Fever Stratified by
Age at Baseline

<55 years >=55 years P
Asthma 0.57(0.27, 1.21) 0.69 (0.44, 1.06) 0.72
Hay Fever 0.93 (0.64, 1.36) 0.94 (0.74, 1.19) 0.90
Asthma and 0.45(0.14, 1.41) 0.63(0.32, 1.21) 0.64
Hay Fever
Asthma and/or 0.90 (0.63, 1.29) 0.91(0.73, 1.13) 0.93
Hay Fever

Adjusted for race, smoking, education, BMI, parity, dizbetes, ERT use, OC use, age at menarche, age at
menopause, exercise, hypertension
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Figure 1 to Figure 8 provide a summary of the results according to a history of
asthma and/or hay fever. Overall hazard ratios are presented by cancer site in increasing
order. For cancer sites where significant effect modification by smoking status was
observed, the results for never smokers are given (indicated by asterisks). As well,
results presented for lung cancer mortality are for never smokers only. The nature of the
association between a history of asthma and/or hay fever and cancer mortality varied by
cancer site and by sex. Reduced risk estimates in relation to asthma and/or hay fever
were observed across a number of cancer sites, although few confidence limits excluded
the null value. Few risk estimates above one were observed. Overall, the strongest
protective effects on cancer mortality were observed in the asthma and hay fever
category, particularly among females. Figures summarizing hazard ratios among never

smokers are presented in Appendix 3.

The sensitivity analysis, which included two different methods for further control
of smoking history, yielded results which were virtually identical to the results presented
here where only smoking status at baseline (never, current, former, ever, pipe/cigar — men
only, and missing) was utilized for adjustment, consequently, detailed results are omitted
here. The proportional hazards assumption was also tested across all asthma and/or hay
fever categories and cancer sites, with no evidence of non-proportionality of the hazard

function.
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Figure 1. Summary of Hazard Ratios for the Association between a History of Asthma
and Cancer Mortality in Men
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Figure 2. Summary of Hazard Ratios for the Association between a History of Asthma
and Cancer Mortality in Women
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Figure 3. Summary of Hazard Ratios for the Association between a History of Hay Fever
and Cancer Mortality in Men
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Figure 4. Summary of Hazard Ratios for the Association between a History of Hay Fever
and Cancer Mortality in Women
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Figure 5. Summary of Hazard Ratios for the Association between a History of Asthma
and Hay Fever and Cancer Mortality in Men
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Figure 6. Summary of Hazard Ratios for the Association between a History of Asthma
and Hay Fever and Cancer Mortality in Women
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Figure 7. Summary of Hazard Ratios for the Association between a History of Asthma
and/or Hay Fever and Cancer Mortality in Men
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Figure 8. Summary of Hazard Ratios for the Association between a History of Asthma
and/or Hay Fever and Cancer Mortality in Women
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DISCUSSION

This thesis represents the largest prospective study to date tﬁat has evaluated the
relation between a history of asthma and/or hay fever and cancer occurrence. Several
strong protective relationships were noted between a history of asthma and/or hay fever
and cancer mortality. However, the results can be seen to vary by cancer site, sex, and
smoking status. In men, a history of asthma was associated with a reduced risk for
leukemia mortality, but an increased risk for multiple myeloma mortality in never
smokers. A history of hay fever was associated with a reduced risk for pancreatic and
colorectal cancer mortality. A history of both asthma and hay fever was associated with a
reduced risk for leukemia, colorectal, and all cancer mortality. In women, a history of
asthma was associated with a reduced risk for uterine and ovarian cancer mortality as
well as multiple myeloma mortality in never smokers. A history of hay fever was
associated with a reduced risk for multiple myeloma in never smokers and pancreatic
cancer mortality in never smokers. A history of both asthma and hay fever was
associated with a reduced risk for uterine cancer, brain cancer, lung cancer, colorectal
cancer, non-Hodgkin’s lymphoma, ovarian cancer, breast cancer, multiple myeloma in
never smokers, and all cancer mortality. A reduced risk for stomach cancer mortality was

associated with a history of allergy in both men and women.
This thesis has a number of strengths. It is based on a large prospective study

with over 18 years of follow-up. Large numbers of cancer deaths were observed in both

men and women (approximately 40 000 each). The large sample size allowed a
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meaningful examination of the association between asthma and/or hay fever and cancer
mortalﬁty across thirteen different sites. The detailed information collected at baseline on
each participant allowed for an assessment of the effects of covariates that may modify or
confound the association between asthma and/or hay fever status and site-specific or
overall cancer mortality. The prospective nature of this study and the exclusion of those
with prevalent cancer at baseline avoids limitations in asthma and/or hay fever
ascertainment and potential biases of previous studies. The large sample size allowed for
the stratification of risk estimates by important variables, as well as the control for the
effects of age in a robust manner. In addition, the large study population allowed for the
creation of an exposure category comprised of those with both asthma and hay fever,

which may be subject to less misclassification of allergic status.

Previous studies have failed to provide any clear evidence of an association
between asthma or hay fever and all cancer occurrence. This study also found no
association of all cancer mortality with asthma or with hay fever. A significantly reduced
risk for all cancer mortality was found, however, in relation to a history of asthma and
hay fever in both men and women. This study was the first study to create the combined

asthma and hay fever category.

An increasing body of evidence has suggested that asthmatic patients experience
an increased risk of lung cancer *°. However, potential misclassification and differential
recall bias in previous studies are still of concern and large prospective studies are needed

to further address the issue *°. Assessment of the effect of asthma on lung cancer
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mortality in never smokers is believed to represent a valid method to reduce the possible

misclassification of asthma as other chronic lung diseases .

This study found no
increased risk for lung cancer mortality in asthmatics overall or in never smokers. In
addition to the numerous advantages of this study population, this study is also the only

study to date that controlled for various demographic and lifestyle variables as well as

occupational exposures, passive smoking, and respiratory tract infections.

Previous studies evaluating asthma and hay fever in relation to pancreatic cancer
risk have generally reported similar results. Large population-based studies have
generally reported no association between a history of asthma and pancreatic cancer risk
12:63-85yith the exception of one study, which reported a significantly increased risk of
pancreatic cancer in relation to a history of asthma in male smokers % This study reports
no association between a history of asthma and pancreatic cancer mortality overall.
Although no significant effect modification by smoking status was observed, a 40%
increase in risk was observed in asthmatic men who were current cigarette smokers at
baseline. Men who reported both asthma and hay fever at baseline and who were current
cigarette smokers experienced a significant 80% increase in risk for pancreatic cancer
mortality. Stolzenberg-Solomon et al. % indicated that misclassification of asthma as an
indicator of smoking status was not likely the explanation for this finding, since chronic
bronchitis and emphysema were not related to pancreatic cancer risk in their study. The
same was found in this study. In male smokers, no association was noted between
chronic bronchitis (HR = 0.95, 95% CI = 0.64-1.4) or emphysema (HR = 0.96, 95% Cl =

0.66-1.4) and pancreatic cancer mortality. All four previous studies evaluating hay fever
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in relation to pancreatic cancer have reported reduced risks. A significant protective
effect of hay fever on pancreatic cancer mortality was observed in this study in men
overall, as well as in women who were never smokers (14% and 19% respectively). The
results of this study therefore appear to be consistent with previous research, and are

suggestive of a modifying effect of smoking status in men.

This study found a 20% reduction in risk for mortality from NHL in women but,
not in men, in relation to a history of asthma and hay fever. The protective effect
appeared to be most prominent in those aged less than 55 years at baseline. As has
previously been described, the risk for NHL in association with a history of asthma or
hay fever has not been subject to much prospective investigation. Case-control studies
have, however, indicated a modest reduction in risk for NHL in relation to a history of
asthma or hay fever. This is the first study to indicate a potential modifying effect of

gender on the association between asthma and hay fever and NHL mortality.

Overall, the results from previous studies evaluating risk for leukemia in
association with a history of asthma or hay fever remain unclear. Two cohort studies did
report reductions in risk for leukemia associated with a history of asthma. They were,
however, unable to control for potentially confounding variables in the analysis and differ
from this study in that incident cases, not deaths, were studied 3839 The most recent
cohort study reported an increased risk for leukemia in men and women in relation to a

57

history of asthma or hay fever However, these results were based on very small

numbers of observed and exposed cases and are highly unstable. This study found a 40%
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reduction in risk for leukemia in men with asthma, but not in women. Previous studies
have indicated that the effect of a history of asthma, hay fever, or other allergic
conditions may vary by leukemia subtype. The comparison of results across studies is
therefore complicated as the proportion of the different leukemia subtypes observed in
the study population differs across different studies. The results from this study indicate
that further investigation is warranted in order to further characterize a potential

association between asthma and leukemia.

Previous studies have reported little convincing evidence for an association
between a history of asthma or hay fever and multiple myeloma. This is the first study to
evaluate risk for multiple myeloma mortality by sex and smoking status. In never
smokers, asthma was associated with a doubling in risk for death from multiple myeloma
in men, and a halving in risk for death from multiple myeloma in women. The only other
study of multiple myeloma stratified by sex reported a significant protective effect of
asthma in women (SIR = 53, 95% CI = 30-85), but no effect in men (SIR = 107, 95% CI

=67-162)".

A history of allergy, including both asthma and hay fever, has been associated
with a reduced risk for glioma but not meningioma or acoustic neuroma in a number of
previous studies. This study evaluated the more heterogeneous outcome represented by
all brain cancer deaths, and found evidence of a protective association in women with
asthma and hay fever. The results from this study are dependent on the proportion of

deaths from the different brain cancer subtypes experienced by both sexes. This study is
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unable to contribute to the evidence for an association of asthma or hay fever with
specific brain cancer subtypes; further investigation to confirm such an association is

necessary.

This study observed a reduction in risk for colorectal cancer mortality in men and
women who reported a history of asthma and hay fever of approximately 20%. A large
case-control study reported an odds ratio of 0.8 (95% CI = 0.6-1.0) for colorectal cancer
in relation to a history of allergic conditions '*%. A prospective study by Talbot-Smith et
al. 77 also recently reported that colorectal cancer was negatively associated with a history
of asthma or hay fever, although none were significant. The remaining cohort studies

3840 Colon and

evaluated colon and rectal cancer separately, with no consistent results
rectal cancers were analyzed together in this study because of concerns about
misclassification of cause of death on on death certificates between these two sites '*°.

Unfortunately, this analytic decision precludes evaluation of site-specific associations for

colon and rectal cancer.

A prospective study by Ye et al. "7 reported an increased risk for gastric cardia
adenocarcinomas in asthma patients hospitalized for their respiratory condition. In that
study, risk was estimated among those with severe asthma and was attributed to excess
gastro-esophageal reflux in that population. In this study, modest reduced risks were
observed across all exposure categories for stomach cancer mortality, although, none
achieved significance. Both Vena et al. ° ? and Mills et al. * reported no association

between asthma or hay fever for stomach cancer. In a larger prospective study, SIRs of
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85 (71-100) in men and 91 (77-107) in women with asthma were reported for stomach
cancer . Kallen et al. ** reported a 50% reduction in the risk of stomach cancer in

asthma patients.

Two small cohort studies previously observed an increased risk of prostate cancer

57,118

in asthma patients The majority of the larger prospective studies, however,

reported no association with a history of asthma or hay fever 323940

This study also
found no association between either asthma or hay fever and prostate cancer mortality.

Overall, there is no evidence for an association between a history of asthma or hay fever

and prostate cancer occutrence.

Most studies examining the association between a history of asthma or hay fever

L 14:32;39:40
and breast cancer reported no association ' 32394057

In this study, histories of either
asthma or hay fever were not associated with risk for breast cancer mortality. A history

of asthma and hay fever was, however, associated with a 14% reduction in risk for breast

cancer mortality in this cohort.

In this study, a history of asthma was associated with an 18% reduction in risk for
ovarian cancer. Only one other study, the study by Kallen et al. *®, has reported a
reduction in risk for ovarian cancer in asthmatics (SIR 52, 95% CI = 42-63). All other
studies have reported no association between ovarian cancer and asthma as well as hay

:39;4
fever “52%%90,
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All previous cohort studies reported reduced risks of uterine cancer in relation to

a history of asthma 840,

This study reported a significantly reduced risk for uterine
cancer mortality of approximately 34% in asthma patients. The risk estimate in this study
is very similar to that reported by Mills et al. # although they evaluated incident cancers
not cancer deaths. Both of these studies were able to control for a number of potentially
confounding variables, and both excluded those who reported a hysterectomy at baseline.
In this study, a hysterectomy was reported in 33% of women at baseline, a value similar
to national estimates for the United States'®’. Unfortunately, we were not able to assess
hysterectomy rates since baseline. Given that the average age of hysterectomy in the
United States is between 40 and 45 years, the advanced average age of this cohort

(approximately 55 years), and the fact that no effect modification by age at baseline was

observed, the potential for bias may be minimal 187

Methodological Issues

There are a number of methodological issues, which may have an impact on the

study results. While attempts were made to address the Iimitations of earlier studies, a

number of important concerns remain.

Ascertainment of Asthma and Hay Fever Status

A major limitation of this thesis is the ascertainment of asthma and hay fever

status. This thesis is based on self-reported history of physician-diagnosed asthma or hay
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fever. Although these questions have not been validated in the ACS-CPS 1I cohort, it has
been previously reported that asthma and hay fever questions of this type are highly
speciﬁc and more reliable than symptom-based questions or questions asking if they have

ever had the disease °°

. Questions asking about a previous physician-diagnosed
condition, however, may exclude those with mild symptoms not seeking medical
assistance. Physician-diagnosed questions of asthma and hay fever have been widely
used in other population-based surveys in the United States, including the Behavioural
Risk Factor Surveillance System (BRFSS), the National Health Interview Surveys
(NHIS), and the National Health and Nutrition Examination Surveys (NHANES). The
prevalence of asthma and hay fever in this study is very similar to that found from other
surveys of adults in the United States. McWhorter et al. ' reported a prevalence of
asthma of 5.7% and a prevalence of hay fever of 10.8% among those 25-74 year of age in
the NHANES I survey. In 1999, the NHIS reported a prevalence of asthma of 8.5% and a

188

prevalence of hay fever of 8.9% in adults 18 years and over °°. No information was

collected on age at diagnosis or allergy medication.

Age at diagnosis is potentially an important factor for asthma classification as
those diagnosed with asthma late in adulthood likely suffer from non-allergic as opposed
to allergic asthma. To address this issue, we stratified risk estimates by age at baseline.
Virtually all of the associations tested indicated no significant effect modification by age
at baseline. This indicatés that the potential for misclassification of allergic vs non-
allergic asthma may be low. There is a possibility that asthma and allergy medications

are related to cancer; however, the evidence to date has been scarce and results are not
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consistent. An increased risk for esophageal cancer was reported among those using
asthma drugs containing theophylline or 8 agomlstslgg, whereas cortisone may have a

117,130

protective effect on cancer development Most other studies have found no

significant associations between allergy or asthma treatments and cancer °%7#81%-

102;104;105;110;114;131;190-192

We further evaluated cancer mortality among a sub-group of never smokers in
order to reduce potential misclassification of asthma with other smoking related chronic
respiratory conditions, and to obtain a relative risk estimate largely free of potential
residual confounding by smoking status. As well, those with both asthma and hay fever
are thought to represent a group with the potential for minimum misclassification.
Overall, misclassifications of asthma or hay fever status would likely result in a bias of
the association estimate towards the null. Misclassification of asthmatic status in
smokers however, may be more complex and could be differential in nature.
Associations between asthma and cancer mortality in smokers need to be interpreted with

caution.

Qutcome Assessment

In mortality-based studies, cancer incidence as well as factors affecting survival
influence the observance of an outcome. Therefore, this mortality-based study is limited

in its ability to make clear inferences regarding the development of cancer. However,

mortality rates are considered to be the most significant indicator of the cancer burden in
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humans *. Few studies examining differential prognosis or survival from cancer due to
the presence of asthma or hay fever have been reported in the literature. The prognosis of
asthmatic and non-asthmatic lung cancer patients in one study was found not to differ ',
Another study reported however, that asthma exerted a negative impact on survival from
lung cancer'®. Asthma was also associated with a two-fold increase in risk for breast
cancer death 30 months post-diagnosis in postmenopausal women over age 55 years of
age ', Lastly, Yancik et al. '*® concluded that asthma did not impact the survival
experience of those with colorectal cancer'”®, Inferences from mortality-based studies are

thought to represent less of a problem when studying highly lethal cancers, as nearly all

incident cases are soon fatal.

This study has a high rate of follow-up, with over 98% of deaths assigned a cause.
The reliance on death certificates for outcome assessment may, however, introduce bias
due to outcome misclassification. The majority of cancer sites studied in this thesis have
been reported to be recorded reliably over 80% of the time on death certificates 186
Colon and rectal cancer deaths were studied as one outcome, however, due to previously
reported over-reporting of colon cancer deaths and underreporting of rectal cancer deaths

% This grouping is often performed "'*’, but does not permit the

on death certificates '
assessment of the nature of site-specific associations. The combination of corpus uterus
cancer and cancer of the uterus NOS is also often performed in order to include cases of
noncervical carcinoma of the uterus”". However, this may introduce misclassification of

uterus cancer as cancer of the uterus NOS may represent a heterogeneous group of

cancers with different eticlogies *'*®. The extent of misclassification may be minimal, as
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it has been reported that the proportion of cervical cancers in the uterus NOS category

has declined over the past three decades to approximately 2% or less'*.

Other Issues

Cigarette smoking status represents an important factor in the association between
asthma and/or hay fever and cancer mortality for many sites as both a confounding and
modifying factor. The sensitivity analysis related to cigarette smoking status indicated
that more refined control for cigarette smoking history did not appreciably alter risk
estimates beyond those with a crude adjustment for cigarette smoking. Unfortunately, all
covariates, including smoking status, were measured only at baseline. Although it is
unlikely that study participants who had never smoked would begin smoking cigarettes
(with an average age at baseline in the mid-fifties) * those with a history of asthma
and/or hay fever have been reported to be more likely to quit smoking. As a
consequence, it might be expected that the risk for smoking-related cancers among those
with asthma and/or hay fever could decline over time *. Although a departure from the
proportional hazards assumption was not observed, the potential for such a dependency
of hazard ratios over time further supports the estimation of risk in the sub-group of never
smokers for smoking related cancers °°. Similarly, no subsequent information was
collected on the asthma or hay fever status of study participants with which to confirm

the baseline measurement.
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Multiple testing is involved in this study as well as in previous studies as they
have evaluated a number of indicators of allergic status, including a number of allergic
conditions, allergy to specific substances, and specific allergic symptoms. One would
expect a certain number of “statistically significant” associations to occur by chance with
the numerous associations being tested based on the commonly used alpha level of 0.05
with no further adjustment. It is important that p-values should not be overly interpreted.
The significance level is arbitrarily set while p-values are determined by a number of
factors including effect size of an exposure, multiple testing, sample size and
assumptions. To avoid misinterpretation, the estimates should be evaluated by not only

statistical but also other criteria such as consistency across different studies.

It has been noted that CPS-II participants are generally more educated and more
affluent than the general American population (likely due to the volunteer-based
recruitment). Although this may potentially affect comparisons of this cohort to the
general population, the internal validity of the study is unlikely affected by the enhanced

socio-economic status of the cohort as a whole '*2,

Another limitation is the inability to control for certain potentially important
covariates. For example, there was no information on H. pylori infection which is
important in stomach cancer mortality. In a recent community-based cross-sectional
study, those with an active H. pylori infection were found to be 30% less likely to have

99

. . 1 g g
an atopic disorder However, we were able to control for number of siblings as an

indicator of H. pylori infection.
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Despite these limitations, many strong protective associations have been reported
for a number of cancer sites; those associations persist within the subgroup of never
smokers. The nature of the association between allergy and cancer at a specific site may
be the result of the different etioclogies and the potential global or local effects that

allergic disorders could exert.

Possible Biological Mechanisms

Global Effects

Higher numbers of NK cells have been observed in the peripheral blood of

0

asthmatics *®°. Those with allergic asthma were found to possess significantly stronger

NK cell activity against the K-562 leukaemic cell line **' and U937 cell growth %

Children with atopic dermatitis were found to possess greater NK cell activity against

203

Burkitt’s lymphoma cells “~. NK cell activity has been suggested to be related with total

204

serum IgE levels A large cohort study with eleven years of follow-up has also

demonstrated that low NK cell activity was associated with an enhanced risk of cancer at

all sites 2%,

Th2-type cytokines such as [L-10 and IL-4 have been found to demonstrate anti-

206-208

tumor properties . Successful tumor rejection has also been achieved with various

209-211

Th2-type cytokines
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IgE driven immune reactions have been shown to be effective in inhibiting tumor

212;213

growth in vivo Loading tumors with IgE has been shown to result in a strong

14

inhibition of tumor growth or complete tumor rejection ***. Immunizing with irradiated

tumor cells loaded with IgE has shown to be protective against future tumor growth *'*.

Histamine has demonstrated anti-cancer activity. Low blood and tissue levels of
histamine have been found to be related to reduced anti-tumor activity and tumor
occurrence *'°. Histamine has been suggested to be able to protect NK cells from reactive
oxygen species inhibition by the monocytes and macrophages, as well as synergize with

other cytokines to stimulate anti-tumor NK cell and T cell activity 216,

It has been suggested that eosinophils may play a role in the initiation of the anti-
tumor response”’’. A moderate survival advantage has also been demonstrated in some

cancer patients with tumor-associated tissue eosinophilia®'’

. It has been speculated that
eosinophil recruitment to the tumor may depend on the nature of the host anti-tumor
response due to suggestions that a Th2 type response and IL-4 may be responsible for

o 217219
such activity .

Local Effects

Local mechanisms may also play an important role in the association between a

history of allergy and the risk of cancer of different types. The positive association that
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has previously been reported between asthma and lung cancer may be related to various
mechamsms including: 1) elevated levels of free radicals and reduced levels of
antioxidants in the respiratory tract 612202} continual stimulation of cell regeneration to

53;220

repair inflammatory lung damage , and 3) an increased sensitivity to carcinogens’ .

In this study, lung cancer risk was not elevated among asthmatics.

The increased risk for bladder cancer in Korean subjects associated with a history
of asthma with GSTM1 null genotypes has been suggested to be due to a deficiency in
the detoxification of reactive asthma medication intermediates through a lack of these

enzymes'>*.

Mack et al. ' have speculated that atopy could act in a protective manner
towards exocrine pancreatic cancer through histamine. Histamine indirectly affects
pancreatic function through its direct effect on gastric acid secretions which in turn

. . . 1
stimulate pancreatic secretions .

In explaining the strong protective effect between a history of allergy and glioma,
Wiemels et al. ''? noted that immune responses within the central nervous system appear
to be primarily humoral-based rather than cell-mediated in order to restrict potential
damage to adjacent central nervous system tissue. Since many factors are released by the
growing tumor cells, which are suppressive towards cell-mediated immunity, those with
an allergic history may be able to more effectively mount a successful humoral anti-

. 112
glioma response” " *.
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Laboratory evidence has suggested a protective effect of atopy on lymphoma
development22 !, Significantly decreased tumor (lymphomatous lesions) development
rates were found in mice injected with peripheral blood mononuclear cells from atopic
subjects compared to normal subjects. Significantly decreased Iymphoma development
also occurred in mice injected from atopic donors categorized with high IgE levels versus
atopic donors with low IgE levels or normal subjects. Holly et al. 7’ suggested that the

negative association for NHL in those with plant allergies may be due to the continual

capacity for differentiation of B-cells, resulting in a reduced accumulation of these cells.

Lastly, the chronic antigenic hypothesis has been suggested by some as a potential
mechanism for a potential increase in risk for multiple myeloma associated with a history

101;102;108

of allergy Gender differences have not been discussed in relation to any of

these hypotheses.
Conclusions and Future Directions

Overall, this thesis has indicated that an association exists between allergy and
cancer at a number of sites, which may be modified by sex and smoking status.
Nonetheless, however, there exists considerable opportunity for further research in this
area. For virtually all cancer sites, few large prospective studies exist with the ability to
control for potential cancer site-specific confounders. The potentially modifying effects

of sex and smoking status need to be confirmed in future studies, and additional studies in
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never smokers would be particularly useful to confirm an association. Also of
importance is the classification of allergic status. Further studies must carefully consider
methodological difficulties in assessing a history of allergy. Further study is needed in
the validation of indicators of allergic status for use in large epidemiological studies,
including biological markers in order to reduce potential misclassification of allergic
status and to confirm the results of previous studies based on self-reports. There is also a
need for further laboratory research in order to clarify the biological mechanisms behind
the associations observed. If a definitive link between allergies, the immune system, and
cancer is established in the future, it is crucial that allergy treatments do not disrupt this

protective mechanism ',
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TABLE 1. Cokhort Studies Evaluating Risk of Any Type of Cancer in Relation to a History of Allergy

Reference

(Country)

Alderson
(England)

Polednak *
(USA)

Robinette et al. 7
(USA)

Hughes et al. %
(USA)

Markowe et al. **
(England)

Reynolds et al. *
(USA)

McWhorter
(USA)

Mills et al.
(USA)

Kallen et al. **

(Sweden)

Vesterinen et al. **

(Finland)

Eriksson et al. °
(Sweden)

Lange etal.
(Denmark)
Knuiman et al,
(Australia)
Gergen et al. *
(USA)

Margolis et al. ©*
(USA)

Vandentorren et al. *

(France)

Population
{Number of cases)

1892 from asthma clinic
{63 all cancer deaths, also studied
3 other cancer sites)

12098 men from Harvard
{1074 all cancer deaths, also
studied 9 other cancer sites)

9550 men with asthma in army
hospitals

{328 all cancer deaths, also studied
23 other ¢ancer sites)

Clinic-based
(26 incident cases)

2547 asthmatic & non-asthmatic
patients

(34 all cancer deaths also studied cancer
of trachea/bronchus/lung)

6848 in California
(472 incident cases, 277 all cancer deaths,
also studied Tung cancer)

NHANES 1 cohort of 6913 given
supplemental questionnaire

(341 all cancer incidence and deaths,
also studied 9 other sites)

34198 Seventh-day Adventists
(1102 incident cases, also studied
16 other sites)

64346 discharged from hospital with
asthma

{4520 incident cases, also studied 30
other sites)

77932 asthmatics on Social Insurance
Register

(3842 incident cases, also studied 18
other sites)

63593 patients from allergy clinic
(87 incident cases, also studied 25 other
sites)

13540 from Copenhagen Heart Study
(1338 all cancer deaths)

4277 in Busselton Health Study
(372 all cancer deaths)

NHANES Iif — Mortality Study cohort
0£9252
(998 all cancer deaths)

Medicaid database )
(13013 incident cases, also studied 3
other sites)

14267 in PAARC Study'
(932 all cancer deaths)

Risk Factor

Asthma —
Physician diagnosed

Asthma

Asthma ~
Physician diagnosed

Positive scratch test or
intradermal skin test

Asthma -
Physician diagnosed

Asthma
(incidence M,F)f
(mortality)

Any allergy
Hives
Asthma

Hay fever
Food allergy
Other allergy

Any allergy (M,F)

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

Asthma -
Physician diagnosed

Asthma (M,F)T -
Physician diagnosed

Atopic - Skin test

Intermediate atopic — Skin test

Rhinitis

Asthma

Urticaria -
Physician diagnosed

Asthma

Asthma (M,F)!

Skin test

Severe eczema -
Physician diagnosed

Asthma

Relative Risk
(95% Confidence Interval)

7i*

Mo associstion

No association

0.9 (0.5-1.5)

2.1, L1
24,05

1.4 (L.1-1.8)
1.5 (1.0-2.2)
1.0 (0.6-1.6)
1.2(0.8-1.7)
1.4 (0.9-2.2)
1.4 (1.0-1.9)

1.1(0.9-1.4), 1.0 (0.8-1.2)
0.8(0.5-1.3), 1.0 (0.7-1.3)
1.1(0.8-1.4), 1.2 (0.9-1.9)
1.3 (1.0-1.7), 0.8 (6.6-1.0)
0.7 (0.3-1.4), 0.8 (0.5-1.2)
0.7(0.4-1.1), 1.1 (0.8-1.5)
1.1(0.9-1.4), 1.0 (0.8-1.2)

66 (64-68)*

112 (167-117)*, 103 (98-107)*

107 (63-173)*
167 (118-235)*
111 (83-147)*
127 (92-174)*
170 (99-280)*

1.0 (0.7-1.4)

1.3 (0.7-2.3), 0.9 (0.4-2.0)

0.9 (0.3-2.4) 30-44 year olds
0.8 (0.4-1.4) 45-59 year olds
1.1 (0.8-1.5) 60-75 year olds

1.0 (0.8-1.3)

1.1 (0.8-1.4)



* Standardized incidence/mortality ratio

M = males, F = females

First National Health and Nutrition Examination Smvey
Second National Health and Nutrition Examination Survey
b Air pollution and chronic respiratory diseases study

[ —.
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TABLE 2. Studies Evafuating Risk of Lung Cancer in Relation to 2 History of Allergy

Reference
(Country)

Cohort Studies

Alderson *?
(England)
Robinette et al. 7
(USA)

Markowe et al. **

{England)

Reynolds et al. *

(USA)

McWhorter '
(USA)

Mills et al. ©
(USA)

Kallen et al.

{Sweden)

Vesterinen et al. *
(Finland)

Lange et al. *

(Denmark)

Huovinen et al. **

(Finland)
Hospers et al.
{Netherlands)

Boffetta et al.
(Sweden)

Talbot-Smith et al.”
(Australia)

Vandentorren et al.*
(2003)
(France)

Case-Control Studies

Fisherman *°

(USA)

Van der Wal et al. **
(Netherlands)

Damon et al. ™

(USA)
Shapiro et al. *!
(USA)

Gabriel et al. ¥
(England)

Population
{Number of cases or cages/controls)

1892 from asthma clinic
(16 lung cancer deaths)

9550 men with asthma in army
hospitals
{274 respiratory system cancer deaths)

2547 asthmatic non-asthmatic
patients
(25 lung cancer deaths)

6848 in California
(66 incident cases, 56 deaths)

NHANES 1% cohort of 6913 given
supplemental questionnaire
(73 incident cases and deaths)

34198 Seventh-day Adventists
(62 incident cases)

64346 discharged from hospital with
asthma
(632 incident respiratory tract cancers)

77952 asthmatics on Social Insurance
Register

(783 incident cases)

13540 from Copenthagen Heart Study
(378 deaths)

31110 (mostly twins)
(115 deaths)

2008 in three communities
(54 deaths)

92986 hospitalized for asthma
(713 incident cases)

3308 in 1981 Busselton Health Survey

{28 incident cases)

14267 in PAARC Study*
(178 deaths)

Clinic-based
(48/294)

Hospital patients/Population controls/

Population controls matched for smoking

(150/150/100)

Nested in cohort of 17 000 men at Harvard

(130/130)

Hospital-based
(184/3310)

Hospital-based, men
(150/150)

Rigk Factor

Asthma —
Physician diagnosed

Asthma -

Physician diagnosed

Asthma -
Physician diagnosed

Asthma
(incidence M,F)*
(mortality)

Any allergy

Any allergy

Asthmma

Hay fever

Reaction to medication
Reaction to bee sting
Reaction to poisonous plants
Asthma -

Physician diagnosed

Asthma (M,F)* -
Physician diagnosed

Asthma
Asthma (M)*
Asthma

Positive skin test

Asthma -
Physician diagnosed

Asthma (M,Fy*
Hay fever
Any atopy

Asthma

Atopy

Positive skin test
{Population controls)
{Matched controls)

Asthma

Allergy

Allergy (asthima, hay fever,

eczema, urticaria, food reaction)

Relative Risk
(95% Confidence Interval)

80%

1.4

0.8 (0.3-1.8)

63,12
54, -

1.2 (0.7-2.0)

1.0 (0.6-1.7)
12(0.4-3.3)
1.2 (0.6-2.5)
0.6 (0.2-1.4)
0.9(0.3-2.9)
0.9 (0.4-1.8)

105 (97-113)*

132 (122-142)%,
166 (139-194)F

1.3 (0.7-2.3)
3.2 (1.4-7.3)
2.3 (0.5-10.0)
0.8(0.3-2.2)

158 (147-170)

1.2 (0.2:9.1), 1.0 (0.1-7.5)
0.6 (0.1-4.9), 1.4(0.4-5.3)
0.3(0.0-2.5), 0.9(0.1-9.9)

1.4(0.8-2.3)

0.1(0.0, 1.1y

1.8(0.8-3.8)
1.6 (0.7-3.6)!
1.0 (0.2-4.1)

1.0 (0.5-1.9)

0.1¢6.0-0.4)"

1
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Hallgren et al. **
{Sweden)

Vena et al. **

(USA)

Samet et al. ***

(USA)
Sanchez-Borges ct al. ™
(Venezuela)

McDuffie et al. ©
(Canada)

Wu etal. *°
(USA)

McDuffie
{Canada)

226

Osann
(USA)

Alavanja et al. **
(USA)

Michils et al. 2
(Belgiumy)

Pavlakou et al. *!
{Greece)

Wuetal
(USA)

Mayne et al. 53

(USA)

Brownson et al.
(USA)
Coceo et al. 2
(China)
Osann et al.
(USA)
Brenner et al.
(China)

* M = maleés, F = ferrales

Hospital cases/Hospital controls/
Health survey controls
(217/143/246)

Hospital-based
(1186/4039)

Population-based
{518/769)

Hospital cases/Normal controls
{48/50)

Population-based
(137/137)

Population-based, women
(336/336 - adenocarcinoma)

Population-based
(176/209 - squamous cell and
adenocarcinoma)

Hospital-based, women
217217

Population-based, non-smoking women
(618/1402)

Hospital cases/Healthy controls
(103/102)

Hospital cases/Population controls
(92/194)

Population-based, lifetime nonsmoking
women
(412/1253)

Population-based, nonsmokers
(437/437)

Population-based, women
(676/700)

‘Workers exposed to silica
(316/1356)

Hospital cases/Population controls, wormen

(98/204 - sall cell lung cancer)

Hospital cases/Population controls
(886/1765)

+ First National Health and Nutrition Examination Survey
1 Standardized incidence/mortality ratio
§ Air pollution and chronic respiratory diseases study

|| Original study presented frequency data only. Unadjusted odds ratio and 95% confidence interval calculated from original data.

Atopy (asthina, rhinitis, wrticaria,
£ozema)

(Hospital controls)

(Health survey controls)

Asthma (M,F)*

Hay fever

Hives

Other allergies

Asthma

Atopy (eczema, rhinitis, astivma)

Positive skin prick test
Asthma

Hay fever

Allergies

Asthma

Positive skin prick test

Asthma ot hay fever

Asthma

Positive radioallergosorbent test

Atopic disease -

Questionnaire and skin test

Asthma

Asthma (model 1)

Asthma

Asthma

Asthma

Hay fever

Asthma

0.3 (0.2-0.7)}
0.2.(0.1-0.3)!

1.5,0.8
0.8,0.7
0.5,1.2
0.5,06
1.8(1.2-2.6)f
0.3 (0.1-1.2)}

0.4 (0.2-0.6)!
0.6 (0.2-1.6)"
0.5 (0.2-1.5)!
0.5 (0.3-0.8)"
1.0(0.5-2.1)

0.6 (0.4-0.9)

0.5 (0.3-1.0)

1.3 (0.8-2.1)

1.1(0.5-2.2)

0.3 (0.2-0.6)"

1.7 (1.1-2.5)

2.0 (1.0-4.1)
1.1(0.7-1.7)
1.0 (0.6-2.0)
4.8(1.0-22.8)

1.3 (0.5-3.6)

1.4 (0.9-2.1)
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TABLE 3. Studies Evaluating Risk of Pancreatic Cancer in Relation to a History of Allergy

Reference
(Country)

Cohort Studies

McWhorter
(USA)

Mills et al. ©
(USA)

Kallen et al. *
(Sweden)

Vesterinen et al.

(Finland)

Eriksson et al. **

(Sweden)

Stolzenberg-Solomen
etal
(Finland)

Case-Control Studies

Lin et al. *
(USA)

Gold et al. !
(USA)

Mack et al, ***
(USA)

Farrow et al.

(USA)

La Vecchia et al. #**

(italy)

Jainetal ¢

(Canada}

Bueno de Mesquita et al.
158

{Netherlands)
Kalapothaki et al.
{Greece)

(181/362)

Daietal. 2
{China)

Population
{Number of cases or cases/controls)

NHANES I* cohort of 6913 given
supplemental questionnaire
{11 incident cases and deaths)

34 198 Seventh-day Adventists
(40 pancreatic cancer deaths)

64346 discharged from hospital with
asthma
{160 incident cases)

77952 asthmatics on Social Insurance
Register
(142 incident cases)

6593 patients from allergy clinic
{1 incident case)

29 048 male smokers in ATBC study®
(172 pancreatic cancer deaths)

Hospital-based
(109/109)

Hospital cases/Hospital controls/
Population controls
(201/201/201)

Population-based
(490/490)

Population-based, men
(148/188)

Hospital-based
(247/1089)

Hospital cases/Population controls
(249/505)

Population-based
{176/487 — exocrine cancer)

Hospital cases/Hospital and healthy
hospital visitor controls

Population-based
(108/275)

Risk Factor

Any allergy

Asthma

Hay fever

Reaction to plants
Reaction to bee sting
Reaction to medication
Reaction to chemicals

Asthma -
Physician diagnosed

Asthoia (M,F)F -
Physician diagnosed

Atopic — Skin test
Intermediate atopic — Skin test

Asthma
Alergic skin lesions

Allergy/eczema/dermatitis

Allergic disorders
(Hospital controls)
{Population controls)

Asthma

Allergic skin reactions

Allergy to natural antigens
Allergy to commercial products
Any allergic disease

Asthma

Allergy to medication
Food allergy

Plant allergy

Animal allergy

Drug allergy

Hay fever
Eczema
Asthma

Other allergies

Any allergy
Eczema
Other allergies

Asthma

Any allergic condition

Drug allergy

Food allergy

Contact denmatitis

Urticaria

Asthma

Allergic thinitis

Moderate reaction to mosquito
Strong reaction to mosquito

Relative Risk
{95% Confidence luterval)

1.7 (0.5-5.8)

0.9 (0.2-3.4)
0.7(0.2-1.9)
1.0 (0.4-2.3)
0.4(0.1-3.2)
0.7 (0.1-6.0)
1.5 (0.4-6.3)

64 (55-75)!

88 (67-113)", 101 (80-124)f

0 (0-1250)
189 (5-1050)

2.2(1.2-4.0)
0.6 (0.3-1.2)

2.6 (1.3-4.9)!

0.4 (0.2-0.7)
1.0 (0.5-1.9)

0.7 (0.4-1,1)
0.2 (0.1-0.5)
0.5 (0.3-0.9)
0.9 (0.5-1.6)
0.6 (0.4-0.8)

1.1 (0.4-3.2)
1.7 (1.0-3.0)
2.1 (0.8-5.5)
0.7 (0.3-1.8)
12(0.4-3.4)

0.9 (0.6-1.6)

0.5 (0.2-1.3)
0.7(0.3-1.5)
0.5 (0.21.7)
1.3(0.7-2.3)

0.6 (0.4-0.9)
0.8 (0.4-1.3)
0.4 (6.2-0.8)

0.33

0.7(0.4-1.1)
1.1(0.52.4)
0.3 (0.0-2.6)
0.5 (0.1-1.7)
0.5(0.2-1.3)
1.0(0.3-32)
0.3(0.1-1.4)
0.7(0.1-1.1)
1.0 (0.3-3.1)
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Silverman et al. ® Population-based
(USA) {484/2099)

Holly et al. ™ Population-based
(USA) (532/1701)

* Pirst National Health and Nutrition Examination Survey

1 Standardized incidence/mortality ratio

1 M = males, F = females

§ Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study

Any allergic condition

Hay fever

Asthma

Eczema

Animal allergy

Tasect bite/sting allergy
Dust or mold aliergy

Drug allergy

Household products allergy

Any allergy
House dust
Plants

Mold

Any animals
Insect bite/sting
Any food
Eczema

6.7 {0.5-0.9)
0.6 (0.5-0.9)
1.0 (0.6-1.5)
1.1(0.7-19)
0.5 (0.2-1.1)
0.8 (0.6-1.2)
0.6 (0.3-1.1)
1.4 (1.1-1.9)
1.5 (0.8-2.9)

0.8 (0.6-1.0)
0.7 (0.5-0.9)
0.8 (0.6-1.0)
0.5 (0.3-0.8)
6.7 (8.5-0.9)
0.7 (0.4-1.0)
0.7(0.5-1.1)
0.7 (0.5-0.9)

Reduced risks also seen with the
following allergic symptoms: runny

nose, burning or watery eyes,

sneezing or congestion, wheezing or

asthma, hives, severe swelling,

anaphylactic shock, and allergy shots.
Dose-response found - decreasing

risk with increasing number of
allergies, increasing severity of

symptoms, increasing age at first

allergy, increasing duration of
exposure to plants, molds and
animals,

| Original study presented frequency data only. Unadjusted odds ratio and 95% confidence interval calculated from original data.
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TABLE 4. Studies Evaluating Risk of Lymphatic and Hematopoietic Neoplasms in Relation to a History of Allergy

Reference Population

(Couritry) (Number of cases or cases/controls)
HODGKIN’S DISEASE

Cohort Studies

Alderson ¥ 1892 frora asthma clinic

{England) (2 Hodgkin’s disease deaths)

Kallen et al. #
{Sweden)

EBriksson ¢t al.

{Sweden)

Case-Control Studies

Schier ¥

(USA)
McCormick et al. *!
(USA)
Newell etat *
(USA)

Anilot et al.
(England)

McKinney et al.
(England)

Tavani et al. 7°

(Italy)

Vineis et al. 7

(taly)
LEUKEMIA

Cohort Studies

Alderson *
(England)

Robinette ¢t al.>’
(USA)

Mills et al.
(USA)

Kallen et al. **

(Sweden)

Vesterinen et al.
JFinland)

Eriksson et al. ©*

{Sweden)

64346 discharged from hospital with

asthima
{23 incident cases)

6593 patients from allergy clinic
(3 incident cases)

Hospital-based
(33/64)

Hospital-based
{98/42)

Hospital-based
(176/176)

Hospital cases/Hospital staff and
patient controls
(115/180)

Hospital-based
(248/489)

Population-based
(158/1157)

Population-based
(354/1718)

1892 from asthima clinic
(2 leukemia deaths}

9550 men with asthma in army
hospitals
(23 deaths)

34198 Seventh-day Adventists
(46 incident cases)

64346 discharged from hospital with

asthma
(110 incident cases)

77952 asthmatics on Social Insurance

Register
{70 incident cases)

6593 patients from allergy clinic
(3 incident cases)

Risk Factor

Asthma —
Physician diagnosed

Asthma -
Physician diagnosed

Atopic — Skin test
Intermediate atopic — Skin test
Rhinitis

Asthma

Urticaria -

Physician diagnosed

Allergy
Allergy
Asthma

Hay fever

Atopy

Eczema
Allergies —

Relative Risk

(95% Confidence Interval)

256%

68 (46-102)*

531 (64-1920)*

0 (0-1620)*

263 (32-9520)*

0 (0-1000)*

1730 (209-6240)

1.1 (0.4-3.2)"

0.5 (0.4-2.2)

0.8

0.9

1.2 (0.6-2.4)f

1.9 (1.2-3.0)
No association

Interview and review of medical notes

Asthma
Food/drug allergy

Eczema
Allergies
Hay fever

Asthma ~
Physician diagnosed

Asthma —
Physician diagnosed

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

Asthma -

Physician diagnosed

Asthma (M,F)* -
Physician diagnosed

Atapic — Skin test
Intermediate atopic ~ Skin test

1.1 (0.5-2.4)
1.1 (0.7-1.8)

0.7 (0.4-1.3)
0.9 (0.5-1.4)
0.5 (0.3-0.8)

106%

1.4

1.4 (0.8-2.5)
1.6 (0.6-4.5)
0.8 (0.3-2.0)
1.3 (0.6-2.8)
0.6 (0.1-4.8)
0.8 (0.2-3.3)
1.2 (0.6-2.5)

55 (46-66)*

76 (52-108)*, 86 (61-118)*

ALL
0 {0-6300)*
2500(63-13900)*

AML
0 (0-6300)*
0(0-2030)*
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Talbot-Smith et al. ¥

(Australia)

Case-Coutrol Studies

Manning et al. ***
(USA)
MeCormick et al.
(USA)
Brass etal. *°
(USA)
Viadana et al.
(USA)

Gibson et al. ¥

(USA)

Linet etal. %

(USA)

Nishi et al. !
(Japan)

Severson et al.

(USA)

McKinney et al. ™

{England)

Doody et al. ”!
(UsA)

Zheng et al. ©

(China}

3308 in 1981 Busselton Health Survey
(14 incident cases)

Hospitai-based
(168/50)

Hospital-based
(45/41)

Population-based
(34/813 ~ childhood leukemia)

Population-based
(134511237)

Population-based, men
(605/668)

(47/668 - ALL)
(133/668 — AML)
(234/668 ~ CLL)
(106/668 —~ CML)

Hospital cases/Hospital and
community controls
(342/342 - CLL)

Hospital cases/Population controls
(63/126 — childhood non-T cell ALL)

Population-based
(98/133 —~ AML)

Hospital-based
(85/139 - LL)
(245/417 - CLL)
(1227241 - CML)
(64/119 - ALL}
{161/310 - AML)

Hospitai-based
(299/787)

Population-based
(236/502 - ANLL)Y
(79/502 - CML)

Atopic — Skin test

Intermediate atopic — Skin test

Asthma (M,F)
Hay fever
Any atopy

Allergy

Allergy

Asthma and hives

Asthma (M,F)*
Hay fever
Hives

Eczema

Eczema

Contact dermatitis
Hives

Asthma

Hay fever

Other allergies

Hay fever

Eczema

Asthma

Hives

Drug allergy

Allergy to insect sting
Other allergic reaction

Atopic diathesis

Any allergy

Asthma

Eczema

Hives

Allergy to penicillin
Allergy to sulfa drugs
Allergy to other antibiotics
Allergy to other drugs
Allergy to dust

Allergy to eggs/feathers
Allergy to foods

Allergy to polien

Allergy to bee/insect stings
Allergy to dogs/cats

Allergies
Eezema -

Interview and review of medical notes

Hay Fever
Eczema
Asthma - Medical records

Asthma
Eezema

CML
G (0-7710)*
1620(41-9010)*

-,2.1(0.2-17.8)

1.2 (0.1-10.6), 3.6 (0.8-16.5)
1.3 (0.1-21.5), -

2.4(1.0-6.1)"

0.3(0.1-1.8)7

3.5

LL ML
41,13 1.8,5.0
3.8,20 1.8,4.8
32,44 12,03
4.8,1.4 7.1, 1.3

ALL CLL AML CML all
2.3 3.3 38 23 2.0

11

08 29 36 12

1.4

1.0

13
0.5 (0.2-1.0)
0.7(0.3-1.5)
1.1 (0.5-2.6)
0.7 (0.3-1.6)
0.6 (0.4-1.0)
0.6 (0.3-1.4)
1.0 (0.4-2.3)

Dose-response found — decreasing
risk with increasing number of
allergies

0.3 (0.1-0.8)

0.4 (6.2-0.6)
0.1 (0.1-0.4)

0.4(0.1-1.2)

0.5 (0.2-1.0)

0.4(0.2-1.1)

0.4 (0.1-1.8)

0.3 (0.1-1.1)

0.3 (0.1-0.8)

0.2 (8.1-0.5)

0.2 (0.1-0.6)

0.2 (0.1-0.4)

0.2 (0.1-0.5)

0.2 (0.1-0.6)

0.1 (6.1-0.4)

Dose-response found — decreasing
risk with increasing nuraber of
allergies

0.57 (0.36-0.90) AML
No asgsociation for other cancers

CLL AML CML all
0.6 25 10 12
9.5 0.0 1.0 0.6
No association

ALL ANLL
0.5 (0.1-42) 0.5(0.1-1.6)
1.7 (0.7-4.5) 0.6 (0.3-1.5)
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Buckley etal. 7

(USA)

Cooper etal. ®
(USA)

Petridou et al. *
{Greece)

Vingis etal.

(Italy)

Wen etal. @
(USA)

Schuz et al.

{81/502 - ALL)
(21/502 -~ CLL)
{7/502 - Ciber)

Hospital cases/Other cancer controls/
Population confrols
{1282/2002/679 - childhood ALL)

Clinical trial participant cases/
Population controls

(624/637 - AML)

(124/637 - ALL)

(63 - other leukemias)

Hospital-based
{153/306 - childhood acute leukemia)

Population-based
(261/1718 - LL)
(31371718 - ML)

Hospital cases/
Population controls
(1842/1986 - childhood ALL)

Population-based

(Germany) (1130/2957 — childhood ALL)
(164/2957 — childhood AML)

MULTIPLE MYELOMA

Cohort Studies

Milis et al. ¥
(USA)

34198 Seventh-day Adventists
(23 incident cases)

Bourguet et al. * 14407 in NHANES I survey

{USA) {18 incident cases and deaths)
Kallen et al. ** 54346 discharged from hospital with
{Sweden) asthma

(39 incident cases)

Vesterinen et al. * 77952 asthnatics on Social insurance
{Finland) Register
(38 incident cases)

6393 patients from allergy clinic
(1 incident case)

Eriksson et al. '?
(Sweden)

Case-Control Studies

Gallagher et al. * Clinic-based
{Canada) (84/168)

Hospital cases/
Other cancer controls, men
(76/315)

Pearce et al. '™
(New Zealand)

Asthma
Eczema

Allergy
{Other cancer comntrols)
{Community controls)

Hay fever

Bee or wasp allergy
Allergy to penicillin
Other allergies
Asthma

Eczema

1 allergy

2+ allergies

Hospitalization for allergic disease

Eczema
Allergies
Hay fever

Asthma

Hay fever

Food or drug allergies
Eczema

Hives

Any allergic condition

Hay fever
Neurodermatitis
Asthma
Contact cczema
Hives

Food allergy
Other allergy

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

One allergy
Two or more allergies

Asthma -
Physician diagnosed

Asthma (M,F)f -
Physician diagnosed

Atopic - Skin test
Intermediate atopic — Skin test

Allergies

Eczema
Asthma

Hay fever
Food allergies

CML
1.5 (0.4-5.5)
0.5(0.1-2.2)

1.2
1.3

AML
1.0 (0.7-1.4)
1.0 (0.6-1.7)
1.0 (0.6-1.7)
1.2 (0.9-1.7)
0.7(0.5-1.2)
1.1 (0.6-2.0)
0.9(0.7-1.2)
1.3 (0.9-2.0)

0.4 (0.1-1.4)

LL
1.2(0.7-2.7)
1.0 (0.6-1.6)
1.1(0.6-1.9)

0.8 (0.6-1.0)
0.6 (0.5-0.8)
0.7 (0.6-0.8)
0.7 (0.5-0.9)
0.9 (0.7-1.2)
0.7 (0.6-0.8)

ALL

1.0 (0.6-1.8)
0.8 (0.3-2.1)
2.2 (1.0-4.4)
0.6 (0.3-1.2)
0.9(0.4-1.9)
1.7 (0.7-4.2)
0.9 (0.6-1.5)
1.1 (0.6-2.2)

ML

0.8 (0.4-1.4)
0.7 (0.4-1.2)
0.4 (0.2-0.9)

Dose-response found - risk
decreasing with number of allergies

increasing

ALL

0.4 (0.3-0.7)
0.5 (0.3-0.7)
0.6(0.3-1.4)
0.6 (0.4-1.0)
1.3 (0.6-2.9)
0.8 (0.6-1.2)
0.6 (0.3-1.1)

1.7 (0.7-4.0)
0.8 (0.1-6.0)
1.5 (0.5-4.6)
12 (0.4-3.6)

1.3(0.2-10.0)

1.8 (0.4-7.7)
1.1(0.4-3.4)

1.7 (0.3-10.5)

AML
1.0 (0.5-2.1)
0.8 (0.4-1.7)

0.8(0.3-2.1)

0.6 (0.2-1.9)
0.9 (0.2-3.3)

3.4 (0.0-285.7)

38 (28-52)*

107 (67-162)%, 53 (30-85)*

0 (0-3120)*
456 (12-2360)*

3.1 {1.6-6.3)

0.9 (0.3-2.8)
1.3 (0.6-2.9)
1.9(0.1-3.5)
2.1 (0.5-8.5)
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i 101

Koepselieta Population-based

(USA) (698/1683)
Linet et al. ' Hospital-based
(USA) (100/100)
Cuzick etal. *® Hospital-based
(England) (399/399)

Boffetta etal. Nested in ACS CPS 117 cohort

(USA) (282/1128)
Wilhams et al. 1 Population-based

USA) (69/1683 - light chain myeloma)
Gramenzi et al. *° Hospital-based

(italy) (17/477)

Doody et al, ! Hospital-based

(USA) (175/787)

Eriksson Population-based

(Sweden) (239/220)

Herrinton et al. 1% Population-based

(USA) (86/1663 - IgA myeloma)

(226/1663 - IgG myeloma)

Lewis et al. ' Population-based
(USA) (573/2131 - IgA and IgG myeloma)

Vineis etal. 7 Population-based

(Italy) (263/1718)
CLASSICAL KAPOSI’S SARCOMA
Case-Contrel Studies

Goedert et al. 1% Population-based, those infected with KSHV**
(Ttaly) (141/192)

MYCOSIS FUNGOIDES

Case-Control Studies

Whittemore etal. ' Hospital and Population Cases/
(USA) Population controls
(174/294)

Morales et al. 'Y’
{Multicentre)

Hospital and Population Cases/
Population controls
(76/2904)

* Standardized incidence/mortality ratio

Drug allergies

Allergies

Allergy related disorders

Asthma

Eczena

Non-eczema skin allergy
Rhinitis

Other allergies

Any allergies

Asthma
Hay fever

Childhood eczema
Allergy
Asthma

Allergic conditions

Hay fever
Eczema - Medical records

Allergy

Asthma
IgA myeloma
1gG myeloma

Asthma

Allergy to drugs
Allergy to dust
Eczema

Hay fever

Allergy to household products
Previous severe allergic reaction

Eczema
Allergies
Hay fever

Asthma
Allergy (M, F)!

Any allergic skin reaction
Allergy to planis

Allergy to metals
Allergy to cosinetics

Allergy to skin medication (M,F)*

Allergy to other drugs
Allergy to hair dyes (F)*
Food alfergy (M,F)f

Allergy to insect bites (M,F)*

Positive scratch/needle test
Positive patch skin test

Asthma
Atopic dermatitis
Urticaria

0.80.3-2.5)

0.5¢(0.7-1.1)
1.0(0.5-2.3)

0.7 (0.4-1.3)}
0.9 (0.5-1.9)
1.2 (0.8-1.6)
0.9 (0.5-1.9)
0.8 (0.4:1.4)7
1.2 (0.9-1.6)7

1.0(0.3-2.7)
1.6 (0.8-2.9)

2.1 (0.7-6.7)
0.7 (0.4-1.4)
02 (0.0-1.7)

0.6 (0.3-1.1)

1.3 (0.6-2.7)
2.0 (1.1-4.0)

1.1(0.5-2.3)

0.6 (0.2-1.8)
0.8 (0.4-1.5)

1.2 (0.8-1.8)
1.2 (0.9-1.5)
0.9 (0.5-1.4)
1.1 (0.7-1.8)
1.0 (0.8-1.3)
1.2 (0.6-2.3)
1.1(0.8-1.5)

0.6 (0.3-1.3)
1.1 (0.6-1.8)
0.8 (0.4-1.5)

2.2 (L0-5.0)
2.6 (1.2-5.8), 0.1 {0.0-2.8)

0.7(0.5-1.0)
0.7(0.1-1.1)

0.3 (0.1-0.8)

0.7(0.4-1.2)

5,9 (1.2-29.9), 0.5 (0.1-1.6)
0.9 (0.5-1.6)

1.2(0.3-4.4)

1.5 (0.6-3.9), 0.3 (0.1-0.8)
1.8 (0.6-5.6), 0.3 (0.1-1.1)
0.2 (6.1-0.7)

0.5(0.2-1.4)

1.6 (0.7-3.8)
1.6 (0.8-3.0)
1.4 (0.6-3.6)

¥ Original study presented frequency data only. Unadjusted odds ratio and 95% confidence interval calculated from original data.

¥ M = males, F = females

§ Acute nor-lymphocytic leukeniia

" First National Health and Nutrition Examination Survey
¥ American Cancer Society Cancer Prevention Study

** Kaposi’s sarcoma associated herpes virus
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TABLE 5. Studies Evaluating Risk of Brain Cancer in Relation to 2 History of Allergy

Refercrice Population ) Risk Factor
(Conntry) {Number of cases or cases/controls}

Cohort Studies

Kallen et al. 64346 discharged from hospital with Asthma -

(Sweden) asthma Physician diagnosed

(154 incident eye and nervous syster cases)

L 6593 patients from allergy clinic

(2 incident cases)

Atopic — Skin test
Intermediate atopic — Skin test

Erikssoneta
(Sweden)

Schwartzbaum et al. '*  Cobort T: 14535 in Swedish Twin Registry

{Sweden) born between 1886-1925 Cohort [
(37 incident gliomas, 41 meningiomas) Hay fever
Cohort II: 29573 in Swedish Twin Registry Eczema

Case-Control Studies

Giuffre et al. =
(Ttaly)

Hochberg et al’”
(USA)

Ryan etal. '**
(Australia)t

Schléhofer ef al. ***

(Gérmany)*
Cicuitini et al.
(Austiatia) *

Schiehofer el al.'**
(International)

Brenner et al.'!!
(USA)

Wiemels et al.'?

(USA)

born between 1926-1958

(42 incident gliomas, 26 meningiomas)

Hospital-based
(200/100)

Hospital-based
(160/128 — glioblastoma)

Hospital and Population cases/
Population controls

(110/417 - glioma)

(60/417 — meningioma)

Hospital cases/Population controls
(226/418)

Hospital and Population cases/
Population controls
(416/422 — glioma)

Hospital and Population cases/
Population controls
(1178/1987 — glioma)
(331/1123 — meningioma)

Hospital-based

(489/799 — glioma)
(197/799 — meningioma)
(96/799 - acoustic neuroma)

Population-based
(405/402 - glioma)

Allergic conditions
Cohort IT
Allergic conditions

Asthma

Treated for allergies
Allergy shots

Eczema

Any allergy
Asthma

Other allergies

At least one allergy

Asthma
Eczema

Any allergy
Asthma
Eczema

Other allergies

Any allergy
Asthma

Eczema

Hay fever

Allergy to medicine
Allergy to insects
Allergy to food
Chemical allergy
Other allergy

Any allergy
Asthma

EBczema

Hay Fever

Allergy to medicine
Allergy to insects
Allergy to food
Chemical allergy
Other allergy

Any allergy

Relative Risk
{95% Confidence Interval)

75 (64-88)*

94 (2-5230)*

0 (0-3860)

Glioma Meningioma
0.7 (0.3-2.1) 0.8 (0.3-2.2
0.5 (0.2-1.5) 0.7 (0.3-1.7)
0.4 (0.2-1.1) 0.8 (0.4-1.7)
1.1(0.5-2.5) 1.4 (1.1-5.5)
8.3 (0.1-0.7)"

0.6 (0.4-1.0)

0.6 (0.3-1.3)

Glioma Meningioma
0.2 (0.1-0.9) 0.6 (0.2-1.7)
0.5 (0.3-0.9) 1.1 (0.6-2.0)
0.4(0.1-1.2) 1.1 (0.4-2.8)
0.7(0.4-1.2) 1.5 (0.8-2.6)
0.7 (0.5-1.0)

0.8 (0.5-1.2)

0.9 (0.5-1.4)

Glioma Meningioma
0.6 (0.5-0.7) 0.9 (0.6-1.2)
0.8 (0.6-1.0) 0.8 (0.5-1.4)
0.6 (0.5-0.9) 0.7(0.4-1.1)
0.6 (0.5-0.7) 1.0 (0.7-1.4)
Glioma Meningioma
0.7 (0.5-0.9) 0.9(0.5-1.4)
0.6 (0.4-0.9) 0.8 (0.4-1.5)
0.8 (0.4-1.3) 0.8 (0.4-1.5)
1.0 (0.7-1.4) 0.9 (0.6-1.5)
0.8 (0.5-1.3) 0.8 (0.4-1.5)
0.6 (0.4-1.0) 1.3 (0.7-2.4)
0.7(0.2-1.7) 1.2 (0.4-3.5)
0.2 (0.1-0.8) 0.3(0.1-1.2)
0.8 (0.3-2.0) 1.2 (0.4-3.4)
Acoustic neuroma

1.0(0.6-1.6)

1.3(0.7-2.5)

0.9 (0.3-2.5)

2.4 (1.4-4.0)

0.5 (0.2-1.4)

1.1(0.5-2.5)

3.0(1.1-8.5)

0.8 (0.2-2.8)

3.8 (1.4-10.0)
0.5 (6.3-0.7)

Reduced risks also seen with allergy
ta: pollens, dairy, wheat, nuts, poison
oak, cosmetics, other; and with the
following allergic symptoms: runny
nose, watery eyes, sneezing,
wheezing, itching, swelling,
headaches, anaphylactic shock, other.
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Dose-response found - decreasing
risk with increasing number of
allergies

* Standardized incidence/mortality ratio

+ Original study presented frequency data only. Unadjusted odds ratio and 95% confidence interval calculated from original data.

1 Studies by Ryan et al. (1992), Schiehofer et al. (1992), and Cicuttini et al. (1997) present preliminary findings from international IARC study.
Ottier participating centres did not publish preliminary findings.
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TABLE 6. Studies Evaluating Risk of Reproductive Cancers in Relation to 2 History of Allergy

Referetice
{Country)

OVARIAN CANCER
Cohort Studies

Mills et al.
(USA)

Kallen etal. *®
(Sweden)

Vesterinen et al. ¥
(Finland)

Eriksson et al. ©*
{Sweden)

Case-Control Studies

Fisherman °
(USA)

Vena et al.

(USA)

UTERINE CANCER
Cohort Studies

Mills et al. ©
(USA)

Kallen et al. *
(Sweden)

Vesterinen et al.
{Finland)

Eriksson et al. *?
{Sweden)

Case-Control Studies

Vena etal *

(USA)

Petroianu et al. ¥

(Brazil)

Population
(Number of cases or cases/controls)

34198 Seventh-day Adventists
(38 incident cases)

64346 discharged from hospital with
asthma
(51 incident cases)

77952 asthmatics on Social Insurance
Register
(114 incident cases)

6593 patients from allergy clinic
(5 incident cases)

Clinic-based
(38/294)

Hospital-based
(317/2477)

34198 Seventh-day Adventists
(122 incident cases - endometrium)

64346 discharged from hospital with
asthma

(60 incident cases — uterine body)

(11 incident cases ~ uterine unspecified)

77952 asthmatics on Social Insurance
Register
{93 incident cases — uterine body)

6593 patients from allergy clinic
(1 incident case ~ uterine body)
(1 incident case — uterine unspecified)

Hospital-based
(471/2477 ~ uterine body)

Hospital cases/Population controls
(36/400)

Risk Factor

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to bee sting
Reaction to poisonous plants

Asthma -
Physician diagnosed

Asthma -
Physician diagnosed

Atopic — Skin test
Intermediate atopic — Skin test
Rhinitis

Asthma

Urticaria -

Physician diagnosed

Atopy

Asthma

Hay fever
Hives

Other allergies

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to bee sting
Reaction to poisonous plants

Asthma -
Physician diagnosed

Asthma -
Physician diagnosed

Atopic — Skin test
Intermediate atopic — Skin test

Asthma

Hay fever
Hives

Other allergies

Allergy

Relative Risk
{95% Confidence Interval)

0.8 {0.4-1.5)

1.0(0.2-4.2)

0.9 (0.4-2.4)

0.7 (0.3-1.8)

1.8 (0.5-5.8)

0.1 (8.62-1.0)

Dose-response found - risk
decreasing with number of allergies
increasing

51 (42-63)*

107 (88-126)*

0 (0-544)*
103 (3-573)*
195 (53-500)*
137 (17-496)*
0 (0-819)*

1.0 (0.4, 2.8)

1.0 (0.7-1.6)

0.7 (0.2-1.8)

1.5 (0.9-2.5)

1.0 (0.6-1.6)

2.0 (0.9-4.1)

0.8 (0.5-1.4)

Pose-response found - risk
decreasing with number of allergies
increasing

Uterine body  Uterine Unspecified
36 (28-46)* 58 (32-104)*

76 (631-92)*

Uterine body  Uterine Unspecified
0 (0-774)* 1960 (50-10900)*

126 (3-700)% 0 (0-4570)*

1.2
1.3
1.2
1.1

0.9 (0.5-1.9)
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CERVICAL CANCER

Cohort Studies

Mills et al. ¥
(USA)

Kallenet al.

(Sweden)

Vesterinen et al, **

{Finland)

Montgomery et al.'!*®
(Sweden)
Case-Control Studies

Vena et al.
(USA)

BREAST CANCER
Cohort Studies
McWhorter

(USA)

Mills etal. ¥
(USA)

Kallen et al. **
(Sweden)

Vesterinen et al.
(Finland)

Eriksson et al. **

{Sweden)

Talbot-Smith et al.™”
(Australia)

Case-Conirol Studies

Fisherman *°
(USA)

Shapiro et al. *!
(USA)

Vena et al. ¥
{USA)

Petroianu et al. ¥

(Brazil)

34198 Seventh-day Adventists
(28 incident cases)

64346 discharged from hospital with
asthima
{45 incident cases)

77952 asthmatics on Social Insurance
Register
(42 incident cases)

7595 from two British Jongitudinal birth
cohort studies
(87 incident cases)

Hospital-based
(1430/2477)

NHANES 17 cohort of 6913 given
supplemental questionnaire
(34 incident cases and deaths)

34198 Seventh-day Adventists
(215 incident cases)

64346 discharged from hospital with
asthma
(385 incident cases)

77952 asthmatics on Social Insurance
Register
{429 incident cases)

6593 patients from allergy clinic
(18 incident cases)

3308 in 1981 Busselton Health Survey
{65 incident cases)

Clinic-based
(192/294)

Hospital-based
(1356/1035)

Hospital-based
(1835/2477)

Hospital cases/Population controls
(49/400)

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to bee sting
Reaction to poisonous plants

Asthma -
Physician diagnosed

Asthma -
Physician diagnosed

Hay Fever
Eczema

Asthma

Hay fever
Hives

Other allergies

Any allergy

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

Asthma -
Physician diagnosed

Asthma -
Physician diagnosed

Atopic — Skin test
Intermediate atopic — Skin test
Rhinitis

Asthma

Urticaria -

Physician diagnosed

Asthina

Hay fever
Any atopy

Atopy

Allergy

Asthma

Hay fever
Hives

Other allergies

Allergy

0.8(0.52.8)
2.6 (0.9-7.7)
0.5 (0.2-1.7)
0.8 (0.3-2.3)
0.7 (0.1-5.4)
1.1(0.4-2.9)

52 (39-61)*

80 (58-108)*

1.0(0.5-2.2)
3.3 (2.0-5.5)

1.2 (0.6-2.4)

1.2 (0.9-1.6)
1.2 (0.7-2.0)
1.3 (1.0-1.9)
1.0(0.7-1.3)
1.2 (0.6-2.2)
1.2 (0.7-2.1)
1.2 (0.9-1.6)

53 (47-58)*

96 (87-105)*

250 (101-516)*
128 (42-299)*
152 (81-259)*
139 (60-274)*
215 (59-551)*

1.1 (0.5-2.6)
0.9 (0.5-1.7)
1.4 (0.6-3.4)

0.2(0.1, 0.5)

1.4 (0.8-2.5)

0.7 (0.4-1.4)
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Ghadirian st i, '’
{Canada)

PROSTATE CANCER

Cohort Studies

McWhorter '
(USA)

Mills et al ¥
(USA)

Kallen et al, *

(Sweden)

Vesterinen et al. *
(Finland)

Eriksson etal. 1*

(Sweden)
Ohrui et al. '
(Japan)

Talbot-Smith et al.”’
(Australia)
Case-Control Studies

Vena et al.
(USA)

Hospital cases/Population controls
(414/429)

NHANES I T coliort of 6913 given
supplemental questionnaire
{34 incident cases and deaths)

34198 Seventh-day Adventists
{180 incident cases)

64346 discharged from hospital with
asthima
(671 incident cases)

77952 asthmatics on Social Insurance
Register
(256 incident cases)

6593 patients from allergy clinic
(1 incident case)

483 male asthmatics and 1201 non-asthmatics
from a university hospital
(10 incident prostate cancer cases)

3308 in 1981 Busselton Health Survey
(86 incident cases)

Hospital-based
(263/1562)

Petroianu et al. * Hospital cases/Population controls
(Brazil) {22/400)

TESTICULAR CANCER

Cohort Studies

Kallen et al. **
(Sweden)

Case-Control Studies

Henderson et al, '
(USA)

Vena et al. #

(USA)

Maorris Brown et al.'"!

(USA)
Swerdlow et al. 1?
{England)

64346 discharged from hospital with
asthma
(5 incident cases)

Population-based
{131/131 - testicular cancer)

Hospital-based
77/1562)

Hospital cases/Other cancer coutrols
(271/259 - testicular cancer)

Hospital cases/Other cancer controls
and other hospital patients controls
(259/489 - testicular cancer)

* Standardized incidence/mortality ratio
 First National Health and Nutrition Examination Survey

1 Original study presented frequency data only. Unadjusted odds ratio and 95% confidence interval calculated from original data.

Asthma

Any allergy

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

Asthma -
Physician diagnosed

Asthma -
Physician diagnosed

Atopic — Skin test
Intermediate atopic ~ Skin test

Asthma

Asthma
Hay fever
Any atopy

Asthma

Hay fever
Hives

Other allergies

Allergy

Asthma -
Physician diagnosed

Asthma
Hay fever
Other allergies

Asthma

Hay fever
Hives

Other allergies

Allergy

Atopy
Hay fever
Eezema
Asthma -

Interview and hospital case notes

0.5 {0.2-1.0)

1.3(0.6-2.8)

12(0.9-1.7)
1.0 (0.5-1.9)
12(0.8-1.8)
1.3 (0.9-2.0
0.5(0.1-1.9)
0.6 (0.3-1.4)
1.3 (0.9-1.8)

72 (67-78)*

110 (97-124)*

0 (0-855)*
88 (2-490)*

22.8(5.5-94.7)

1.9 (1.0-3.6)
1.1(0.6-2.0)
2.5 (1.0-5.9)

0.1 (0.0-0.5)*

37 (16-85)*

0.9 (0.6-1.4)

1.8(1.1-3.1)
2.6 (L2-5.6)
3.1 (1.0-10.0)
1.7 {0.8-3.6)
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TABLE 7. Studies Evaluating Risk of Other Cancers in Relation to a History of Allergy

Reference Population

(Country) {Number of cases or cases/controls)
COLORECTAL CANCER

Cohort Studies

McWhorter NHANES I * cohort of 6913 given
(USA) supplemental questionnaire

Mills etal *
(USA)

Kallen et al. **
(Sweden)

Vesterinen et al. >
(Finland)

Eriksson et al. ?

(Sweden)

Talbot-Smith et a1.¥
(Australia)

Case-Control Studies

Vobecky et al. %

(Canada)
Vena et al.
(USA)

Kune etal. '
(Australia)

La Vecchia et al. '**
(Italy)

Ghadirian et al. '

{Canada)

. 2
Negri et al. '#

{45 incident colorectal cases and deaths)

34198 Seventh-day Adventists
{138 incident colon cancer cases
58 incident rectal cancer cases)

64346 discharged from hospital with
asthma

(389 incident colon cancer cases)
(188 incident rectal cancer cases)

77952 asthmatics on Social Insurance
Register

(220 incident colon cancer cases)
(187 incident rectal cancer cases)

6593 patients from allergy clinic
(6 incident colon cancer cases)
(6 incident rectal cancer cases)

3308 in 1981 Busselton Health Survey
(67 incident colorectal cases)

Population-based
(207/207)

Hospital-based
(579/4039 - colon)
(352/4039 — rectal)

Population-based
(715/727)

Hospital-based
(673/1501 - colon)
(405/1501 - rectal)

Hospital cases/Population controls
(402/668 - colon)

Hospital-based

(Italy) {1225/4154 - colon)
{728/4154 - rectal)
ESOPHAGEAL CANCER
Cohort Studies
Kallen et al. ** 64346 discharged from hospital with
{Sweden) asthma
(44 incident cases)
Ye etal ' 92 986 hospitalized for asthma

Risk Factor

Any allergy

Any allergy

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

Asthma -

Physician diagnosed
(colon cancer)
(rectal cancer)

Asthma -
Physician diagnosed (M)
%

Atopic — Skin test
Intermediate atopic — Skin test
Rhinitis

Asthma

Urticaria -

Physician diagnosed

Asthma (M,F)

Hay fever
Any atopy

Allergy

Asthma (M,F)}
Hay fever
Hives

Other allergies

Asthma
Allergies or hay fever

Drug allergy

Asthma
Bezema

Hay fever
Other allergy

Allergy

Asthma -
Physician diagnosed

Asthma - Physician diagnosed

Relative Risk
{95% Confidence Interval)

1.7 (0.9-3.1)

Colon Cancer  Rectal Cancer

1.0{0.7-1.3) 0.9(0.5-1.4)
1.0(0.5-2.0) 0.6(0.1-2.3)
1.1(0.7-1.7) 0.8(0.3-1.7)
0.7 (0.4-1.2) 1.3(0.7-2.4)
0.4 (0.1-1.6) 1.4 (0.4-4.5)
0.7 (0.3-1.6) 0.3(0.0-2.1)
0.8 (0.5-1.2) 0.7{0.3-1.4)
72 (65-79)"

59 (52-68)'

Colon Cancer  Rectal Cancer

116 (92-144)1
118 (99-138)°

110 (86-138)
142 (117-169)°

Rectal Cancer

0 (0-688)f

469 (128-1200)
238 (65-610)

75 (2-419)f

3070 (291-2730)"

Colon Cancer
111 (3-619)7
138 (17-500)"
108 (22-315)°
139 (29-407)
0 (0-588)"

0.4 (0.1-3.2), 0.4 (0.0-2.8)
0.8(0.22.7), 1.1 (0.5-2.5)
0.3 (0.0-2.8), 1.4 (0.4-5.0)

No association

Colon Cancer Rectal Cancer
13,006 0.6,0.8
1.3,1.0 1.2,0.6

0.8, 0.6 0.5, 0.8

0.5, 0.8 0.5,0.6
0.9(0.6-1.3)

0.8 (0.7-1.0)

Colon Cancer Rectal Cancer
0.7 (0.5-1.0) 0.7 (0.4-1.1)
0.8 (0.4-1.4)

0.7 (0.3-1.3)

1.8(1.0-3.3)

0.8 (0.5-1.4)

Colon Cancer Reetal Cancer
0.9 (0.7-1.1) 0.6 (0.4-0.9)
67 (50-20)"

150 (90-250)°
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{Sweden)

Case-Control Studies

Peiroiam et al. ¥

(Brazil)

Dai et al, '*
{Chine)

THYROID CANCER
Cohort Studies

Kallen et al. *
(Sweden)

Eriksson etal

(Sweden)

Case-Control Studies

Ron et al. '
(USA)

Hallquist et al. '

(Sweden)

Negri et al, '%
{International)
BLADDER CANCER
Cohort Studies

Mills et al.
(USA)

Vesterinen et al. *°
{Finland)

Eriksson et al.
{Sweden)

Case-Control Studies

Miller et al. '
(Canada)

Steineck et al. '+
{Sweden)

Kimetal. %

{Korea)

{17 incident adenocarcinoma,
46 squamous-cell carcinoma)

Hospital cases/Population controls
(48/400)

Population-based
{163/275)

64346 discharged from hospital with
asthma
(25 incident cases)

6593 patients from allergy clinic
(4 incident cases)

Population-based
(159/285)

Population-based
(180/360)

Pooled analysis of 14 studies

(67/335 - medullary thyroid carcinoma)

34198 Seventli-day Adventists
(54 incident cases)

77952 asthmatics on Social Insurance
Register
{139 incident cases)

6593 patients from allergy clinic
(5 incident cases)

Hospital-based
(265/530)

Hospital cases/Population controls
(325/393 - urothelial cancer-transitional
cell carcinoma)

Hospital-based
(113/221)

(adenocarcinoma)
{squamous-cell carcinoma)

Allergy

Any allergy

Drug allergy

Food allergy

Contact dermatitis

Urticaria

Asthma

Allergic rhinitis

Moderate reaction to mosquito bite
Strong reaction to mosquito bite

Asthma -
Physician diagnosed

Atopic — Skin test
Intermediate atopic ~ Skin test
Rhinitis

Asthma

Urticaria -

Physician diagnosed

Asthma
Hay fever

Asthma or allergy
(all thyroid cancer)
(papillary cancer)

Allergies

Any allergy (M,F)}

Asthma

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to bee sting
Reaction to poisonous plants

Asthma (M,F)t -
Physician diagnosed

Atopic — Skin test
Intermediate atopic ~ Skin test
Rhinitis

Asthma

Utticaria -

Physician diagnosed

Allergies (M,F)*

Allergic asthma
Allergic dermatitis
Allergic rhinitis

Asthma
{with GSTM1 null genotype)
{with GSTT1 nuli genotype)

110 (80-140)7

0.6 {0.3-1.1)}

0.6 (0.4-0.9)
0.8(0.4-1.6)
0.7(0.2-2.3)
0.2 (6.0-0.9)
0.4 (0.2-0.9)
1.3 (0.5-3.1)
0.8 (0.3-1.9)
0.6 (0.4-0.9)
0.7(0.2-1.9)

47 (32-68)'

320 (8-1780)F
389 (10-2170)"
434 (89-1270)
254 (6-1420)"
0 (0-2770)"

No association
No assaciation

0.4 (0.2-0.9)
0.4 (0.2-1.0)

2.2(1.0-4.7)

0.9 (0.5-1.6)
0.4 (0.0-2.8)
1.3 (0.6-2.8)
0.7(0.3-1.7)
0.7 (0.1-5.1)
0.4 (0.0-2.5)
0.8 (0.4-1.9)

125 (103-149)7, 90 (60-128)"

0(0-669)"

473 (129-1210)
119 (14-429)1
216 (45-631)
0¢0-1030)

17,03

3.1 (1.4-6.8)
0.8 (0.4-1.6)
0.9 (0.5-1.6)

4.2 (1.6-10.8)
9.2 (2.3-37.8)
19.2 (2.3-160.1)
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STOMACH CANCER
Cohort Studies

Mills et al. ®
(USA)

Kallen et al. ™
{Sweden)

Vesterinen et al. *°
(Finland)

Eriksson et al. 1?

{Sweden)
Yeetal '
(Sweden)

Case-Control Studies

Vena etal. ¥

(USA)

34198 Seventh-day Adventists
{18 incident cases)

64346 discharged from hospital with
asthma
{188 incident cases)

77952 asthmatics on Social Insurance
Register
(268 incident cases)

6593 patients from allergy clinic
(1 incident case)

92 986 hospitalized for asthma
(43 adenocarcinoma of gastric cardia,
219 other stomach cancer)

Hospital-based
(311/4039)

* TFirst National Health and Nutrition Examination Survey
T Standardized incidence/mortality ratio
¥ M = males, F = females

Any allergy

Hay fever

Reaction to medication
Reaction to chemicals
Reaction to poisonous plants

Asthnia -
Physician diagnosed

Asthma (M,F)} -
Physician diagnosed

Atopic — Skin test

Intermediate atopic — Skin test

Asthma - Physician diagnosed

(gastric cardia)
(other stomach cancer)

Asthma (M,F)
Hay fever
Hives

Other allergies

0.7 (0.2-1.8)
1.1(02-4.7)
1.4 (0.4-4.8)
2.0 (0.3-15.4)
0.3 (0.0-2.4)

50 (43-57)"

85 (71-100)7, 91 (77-107)!

0 (0-1040)"
0 (0-609)"

140 (100-190)"
90 (80-110)

1.0,0.0
04,17
0.7,0.3
04,06
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APPENDIX 2 - QUESTIONNAIRES
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AMERICAN CANCER SOG

SOCIETY @ Dbishon Mo, Unitho. ~ Group hlg.
cma aﬁmnmam .

Resesrcher No. | Family No. | Person No.

Date:
i. Name, Lo White [1Blask T Hepanks
2, Duds of biFth: Month Yaar N 5 aﬁi:ni:!m £ UM comsmimniamnen | S}
3. How old e you now? _ Sl »
4. Current weight with Indoor dlothing:_____ tbs, = Sngie  [] Separsted [ Widowed
rent weight it | [ Maried [ Divorced
5. Weight 1 year ago s, g Favermaried, age atfirstmarisge:

&, Hoight (without shoes):.. # . 10, Number of times marrec:
. 11, 50ciE) BE0UTY MO e, PRHIONEE

FAMILY FISTORY (N RELATION TO CANCER):

1. Fill In the following table as compietaly s possitile for parents, brothers and sislers.

LISY ONE BLOOD {F 1 IFDEAD, me E’HiS
RELATIVE PER LINE: AUVE, | BIVE AGE | PERSOMWEVER & “Y&:S " AT
{Gircde Brother {18 THIS FERBONT | GIVE AT HAVE cama:m WHAT
or Siatat) {Clrcle Ons) AGE | DESTH - {Circle O} T‘IPE OF cmaea AGET
Falher Al Daad Yes Mo
Mother Alive  Dead Yoz Mo
[ Bromer or sister | Alive Dund Yes Mo
Brother of Slater | Alive Dead You Mo
Brother or Sister Alive  Doud : _Yes Mo
Brother e Sister Alve Dead Yo Np
Brother or Sigler Alive Deag Yez  No
[ Bromer or Sister Alve _Daad L. Yes No
2. When you wera born, a) How ofd was your mother? e B} O Ol veais your faiher'?
HISTORY OF DISEASES:

1. Hmyaumhadcaﬁcsﬂﬁ?es@b&c i yes” 3. Hdvayuumrhadanapemtm?{:}%s o
a) Whi 1 "yas,” specity type and daie(s} of cwaam{s}
)] ﬂa&e of ﬁarst trpatment;

Z. Place a check-mark by the loliowing diseases or
pondhions for which vou have ever been

diagnosad by a doclor: 4, How many x-ray or Buoroscopic axaminetions

[0} High Blocd Pressure [ Emphysema (Gl series, barium enema, eic.} have you ever

% g{@ﬁ;:&m%we %Hﬁ’? Fevar had of: Bor Bor
] Sirok Asthma g. 15  Mom 2. 18 Muwe

{: Disbetes ] Stomach Ulcer ‘Somah 010 ] Chest 0O O

CiGaliswones (] Duodsnal Ulcer itesting T | I armsiegs L I

[ Ghronic Indigastion. [ Diverticulosis Bark I 1 HeasgMeck T O T

] Kidney Disease . Becigi Polyps - &, Have you ever been trosted with radium, x-rays,

{3 Widney Stones 1 Colon Polyps or radicaciive isotopes? [J¥es [INo

"} Bladder Diseass '? Thyroid maam i “vos,” when?

{7} Clrrhosis of the Liver = L Artiyilis For wihal diseuse?

L1 Gibaroulosis :3 Prosiate Tmmi@ :

{71 Ghironic Bronchilis 1 Hapatitia Winal part of your ody?

(T3 Anry other sarious disssss (specilyl

&, How many times have you hexd colds or fu inthe
pasi helve months?




CURBENT PHYSICAL CONDITION:

1. Hiow much exercise do you get {work or play)?
T None [ Bhghe T Boderate [T Heavy

2. On the average, how msiy hours 5o vou sleep
ot night?

3. On the averags, how many tmes & monih do
you havainatonis¥ {7 bone

4, ¥fithin the last month, have you noticed:
&) Pairdul or reguentuinationt  [7] Yes [""‘ P
b A tinusugl msmafg;& vty yew a7

Yes [ 1Mo
- &, Do you notive pains in your !egs wehure yous walk
whmhgmawaywhenmmsx [Myes (i Ho

i *yes,” how rany years have you had hese
pains? ;
8, Neyausw&aima;msemm? [OYes TNo
i "yes." with what disease or contition?.

HABITE

. wmwmnmywmka,mmgmmga how
rrany howrs a day are you exposed 1o cigarelie
smoka of others:

Athoms ., Awolk....., Inother aeas .
2. Do your now or have you aver smoked cigareliss,
clgars or pipes, st least one a day for one years
Hme? v [T Yas [T No
i never smoked, skip to question 8,
3. Hyou surrently smoke cigareties, cigers or pipss,
1111-3nx the indormation below:

5. i you have w&tm tigaretles, cigars or
pipes, Tl inthe mmkﬁ'?m h&!ﬁw

e

.- Eu-Benthen
SNEEILE TIETDSY
senple per day
Age began smoidng
Age quit
EALATION:
Did ngt inhale
inhaled slighily
inhated moderately
Irbgled dosply
Total yoars siokedd
Yoars smoked
Hitered cigureties
Weary sioked
non-Hitered
cigaraties

8. Last brand of clgaralle Smoiad: ..o
a) Size: fj Hegular {1 King 1 100 mm
120

[T} Mtrme?m ) Filter [T Menthol
¢} Years smoked this brand:

7. Cunent and sx-vigarette smokers, Hlin the
foltowing irformation for;
1} The Hirst brand smoked regulany; snd

e [ e vy 2} ;};g fggigfa mgareﬂ:& smoked for the longest
Awverage number
| Age began smoking Wﬁm Sie] Yes Mo | Yes | No | PerDay [veen
INHALATION: L
_Donotinkale 2
Jrhale siightly 8. Have you ever chewsd tobaneo al least oncs a
Inhiale moderately wesk lor at least one yesr? 71 Yes [ Np
inhale deoply g{%ﬁ%@ &“ﬁ% %b&cca‘
Total years of smoking b} How many Smes 3 wesk?
Yoars smaked o} Por how many years? -
filtered cigaretiss d} Do you 51 chew iobacco? Mes T No
Yoars smoked s ;
. 8, Have you ovir usad snull o least onoe & weak for
nonditered
) atleast ong yoar? [Yes (I No
cigaretios *no.” skip 1o "Diet” -
4., Current brand of cigarstie: a} Age begen using snuff:
8} Stee: [ Begular [T King 7] 100 mn [ 120 mm by How many times a wesic?
b 73 Nepfilter 7] Biller ] Menthol o) Fow bow many yemrs?
£} Years smoled s brang: 4 Do you giill use gouli? Dives Mo
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| DIET:

1. On the average, mmanyd&y@mmkﬁam .

e the oliowing bode? (i less than onos & week,
bt 2t loast wios & month, wille 1/2.)

8. How meny tups, glasses, or drinks of these baver
ages do you ustally drink a day, and for how many
waars? (4 you 0o longer denk 8 lisled beverags, or
vourpatiers hag chaoged & the bast ten years, Indi-
cave previnius and curteni ampundy. Hlesethanonte

Bl e B VEOSIRDIES, Y : arita 3/
gim%”’”m“‘ gg’ mmm — a @ay B & losst thiee Bmes 2 wask, weits 1/2.)
e R e Corortty 1 Brawicrssn
g‘*fﬁf «««««««««««« . Gﬁmi ﬁ%&{ﬁm?‘w Beverages m’ﬁ”ﬁm o e
o % i Whols ik {not skim il
Smoked mesta. ... Yéhite bread/Rolly Catfainated colies
Frankiurters! Bistiits o A ffeinated coflee
Bausage Browrn riceWhole ﬁ?w affeinated
Butter e VibpEEBEEY L.
gargarimmm S ?;{g;:fﬁmn muﬁms Uist sodaor diet et 1ea
hesse. . 1063 Mon-diet cofes: ]
Egas . GtmenlShredded - :
GFG% leaty - wheukBran Other non-dist sofl drinkg
vegeishles oS . Bear
Tomstoas i olHD DY} CEIGAIS Wing,
Cabbage/Browcolly e crean....... Hard b
Brussels sprovte . Chocolate ard nguot
K i ! ,
Z How many fiays & week do you ea 1he fOlOWINg . \ae e ATIONS AND VITAMINS:

gﬁg b Fﬁgfﬁ?wr@m 1. @Mr@y times in the last month have you used
e g g and how long have you used them?
imihmk%ﬁm_ Omer ried foods i#f none, write 0; B used only wna:siy orally,
DONOT EAT FRIED FOODS[ wiite 1/2.)
3. Do you vat & vegelarian dist? MYes IINo Medications and Vitamins Times | Youts
#f “yen.” what type and for how many years? Aspirin, Butterin, Anacin 4
' Tylenal
4. Has there been a major change in-your diet in the Vitamin A
st 10 yeurs? [FYes [ No Yitamin ©
i yas," whal was the change? . Vitarmin £
- {Muti-Vitamins
Blood Press
§.a) Do you now or have you ever added artificigh ;g’m{i' m%sum "E.E;
swoeteners (sacchenin or cyclamates) to coffes, iurgtics (waler pilis)
ter, or other dinks or food? Thyreid medicatipns
[1¥es, cuvantly [ Formedly [ Nover Heart rmedicetions
b} i ever used artificial sweetensrs, Indicale Arti-Acid medicat
ampurit per day and for how iong, -Acid medications
Packets: MNo. per day %:rq Yalium
Drops: . No. per day. g5, Cbrum
Tebieta: - No. W;:' Wﬁi}‘ Prescription steeping pills
8. Duyou get vour drinidng water frome [ City supply | ot Lo
(3 Privatewell [ Other (specity). | 9ame! {for ulcers)
7. Doyl add any substances lo sulten vour dinking Other:
water? [[J¥es [ No

>

7



OULUPENIONS:
1. Whad mw curent ooiupaion and what ars your

- MISCELLANEOUS:

1. Whasie wgrs Wou bomy

. B Ry
duties? 2, VWher wes Your parsnis born?
" ) . Father.
N oW maty Years: ... Mothier:
: {Lbs aj amwmwmw m Wong
i ?m%ﬁﬁa% what denomination? I
3 Wmﬁ%ﬁ@hmw&%ﬁmmamwwm “ij&mﬁmi&ﬁwims ] Some College
of tirne? [ Some High mﬁmﬂ | C@ﬁdegemmm
T ey —— | looratage S
gbmwmgrwﬁgmﬁgz gm CIMo 5. ;lgghmmywmmwu tved In your prosent
5. How many howrs & wask do you work on: barhood?
paid jobs " VolIntesr work & ggwmmyfnem}s or relatives do you feel ame
Tusswork
7. H :
8. in your work or daily ife, are {ww; you mguww a%mm,;ﬁ ngﬂ you
iha number of yers exposed. c} Participate in group activities?
Shek Onelyumber ol B Were you nthe UE. Amﬁﬁewma?w N
Exposure fo: Yes| No | Years i yes, [Yes [ONo
Tasbestos &} What branch of the servicewers you In?
Chemicsls/Acids/Solvents 1) What were your dates of service?
Coal or Stons Dusts ;0)
Doal Tar/Pich/Asphalt : »
W did you serve?
|Diesel Engine Exhaust S Whera ddye
- iDyes 8. What is fie most upsetiing event that happened
- YFormaidanyde mwnnmmswﬁwwm”
Gasoline Exhaust {1 Neons
" IPesticides/Herbicides 10, Do you now or have you ever used mouthwash?
Textile Fibers/Dusts Heyes, TlYes [INo
Oust g; miganﬁ;nm & weok is used?
Xﬁ?&ﬂﬁd}b&ﬂh\éﬁ Matertsis €} For how many years have you used it7_
REMARKS: ‘
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AMERICAN CANCER SOCIETY & Division No. Unit No. Group No.
CANCER PREVENTION 2TUDY B ~
CUESTIONNAIRE FORWOMEN "~ .| Fissearcher No. | Family ho. Parson No.
Data:
1. Mame: Toawhits Tl Bleck T Hapanik
2. Date of birth: Month Yisar i Orsntal T OMEr . £ SR
8, Marisal stalus:

3. e ol g you now'?

Cigingle [ Separated | ] Widowad

4, Cusrent weight with indoor clothing: s Martied Divoroed
5. Weight 1 year ago: s, g %&mz mamaéaage 81 Hr8! MAFAGD: oo
&. Meight {without shoes): L . 19, Number of imes marred:
1. Social Security Mo.: {optional)
FAMILY HISTORY (IN RELATION TO CANCER):
1, Fillin the following table ss completely as possible for parerds, brothers and sisters.
{I8Y ONE BLIDOD iF | IFDEAD, DI THIS
ﬂELﬂm‘«‘E PER LiME! ALIVE, | GIVE AGE | PERSON BVER fF YRR AT
IChele Brotiwr 15 THIS PERBON? | BVE AT HAVE CANCER? SPECIFY WHIAT
or Sishar) {Clrala One) AGQE | DEATH {Chrede Onely | TYPE OF CANCER | AGE?
Father Adve  Dead Yas Mo
Mothar Allve  Dnad Yes No
Brother or Sister Alive Dead Yeu No
Brothar or Siglet Alive  Dead Yoz Mo
Brother or Sistar Allve  Desd Yes No |
Brothet o Sister Alive Daad ez Ne
Brther oo Sigler Allvs Dead Yes No
Beothar or Staler Alve Dead Yoz No
2. When vou were born, @) How old was your mother? . b} How old was your father?
HISTORY OF DISEASES:
1. Have you sver bad cancer? ) Yes 7 No. # “yes,” 3. Have you ever had an operation? [ Yas [ No
&) Whattypa? li "yes,” spedily type and date(s) of operation(s):
b Dete of Brst teatment:

2. Place a chack-mark by the lollowing diseases or
gonditions for which you have ever been

diagnosad by a doctor:

| High Blood Pressure 1) Hay Fever

) Haart Disease 1 Agthma

] Stroke | Stornach Uloer
I Dlgbetes 1 Duodenal Uiger
) Gl Bones ) Diverlicuiosis
] Cheonde Indigastion T Recta! Polyps
) Kignay Disease (] Colon Polyps
| Kidney Slonss || Thyroid Condition
™| Bladder Dissase [ Arthwritis

M Clrrhosis of the Liver [ Beeast Cysis
7] Taberculosia [} Gynecological
7] Cheonic Bronchitis Problems

] Emphysema [ Hepallis

[} Anw other serious disease {speciy)

4, How msny x-ray of fluomscopic examinations
Gl sevias, barium enemia, ¢ic.) have you pver
had of Sor Bor

.15 Mow
Swemach 7 7 {0 Chest ™o
Iestine ] 1] [ Breast
Back L1 i) [ HesdWeck I ©)

5. Have you ever Deen treated with radium, X-rays,
of radioactive isotopes?
i *yas,” whan?

O30

0 3-8 Mom

[VYes [ | Mo

For what dissase?

Wbt part of vour body?

&. How many imes have you had colds or s in the

past epdee monihe?
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CURRENT PHYSICAL CONDITION:
1, How much swercise to you get iwork or playl?

¢, Birth conirol methods: Indicate your ags whsn
first used and number of vears of use,

1] More £ Slight ) Moderate 1) Heavy Mathod Lissd Age | Years
2. On the average. how mary hours do vou stesp “ﬁ;;hm
anchright? e
3. On the average, now many tmes 3 month 0o you Disphragm
have Insonmiaf [ Mone CraamFoam/lslly
4, Within the last heslve months, have you nalicad: Y St
2} A lump or thigkening in your breast? Tubai R.sg“mm - -
[} Yes [ o ntravtering Device (UD)
) An uriseat discharge rom your braest? Congom (partnas
OYes [T Vassetomy i
5, D you notice paing in your legs wheh you walk : m (gaﬂraar} gy
which go awey whanh you rest? Tlves [ Mo NOME OF THE ABOVE [}
i “yas,” how many years have you had these 10. Have you svar taken oral sontraceptives (birth
pains? sopbrel pilsl? {1¥as T 1No
8. Are you sick atthe present time?. [ Yes [ Mo i "no.” skigr 1o question 11,
if yos." with what disease or condition? ... 8jAgewhenyoulisitookthem?
) o) How many did gw Bhathem?
&} Whiat beana{s) do (Oid) vl BR6 7 i

MENSTRUAL AND REPRODUCTIVE
HISTORY:

1. How old were you when mensiruation began? . 14

2. Whatls your curvent menopsusal status?
1] Stili regularly menstruating
T in menopause [ Past menopause
3. Durlng vour menstrual history:
A} Are (wers) your periods: [ Regular [ rreguiar
by g%ma; ts {was) the ususl number of days of
oW
4, i past menopause:
&) Was your menopsuse: [ Netural 7] Artificial
b Ags when periods stopped comgletely?

dy ¥ you stopped taking them, what was the
reasun?,

&) Did you have frregutar or painful periods when
i Yes 7]

you stopped? oy
. Have you ever usad female hormones | ]
other than orgl contraceptives? ;;J Yos [ No
&) ‘;\mm {didd) you teke asirogens
" opausal symploms © | Hysterectomy
Bone problems : Cancer
Other {specify)
b; e firsttookestrogens?
) For how many years did you take them?. ...
d} How did you fake them? ) injection [ Cream
[ Pilt {brand):
HABITS:

¢} Died you have mivessive bleeding duting
menopause? Yes [ No

5. Mave you sver had or tried to have children?

I Yes [ No

1,

Whether ¢r not you smole, on the average, how
miany hours 3 day are you exposed 1 ciganatte
smoke of others:

AL home. ., B WO e, N CIDEY BPBES.

1t "no,” skip 1o question 9. 2. Doyou row or have you ever smoked cigareties, at
8. Hawe you ever had difficulty bwmnm% p@gmaﬂt’% loast one & day for one years time? £] Yes [ Mo
if “ven,” whet was the reason?. ; ‘ Currant Ex-
Brmoking History Smokers | Smokers
rmiber srmokec
7. How many times have you baen pregnant?. ... Numbe wa day
&) Your age at vour firsipregnancy? 1 began smaki
oy m»a ?t dygg ﬂrséo e ﬁnh?wwm,,,,N,.,.m.(,m.. Age quit smoking
) rofchildenbomalive? . ¢ st
) Number of stilibirths Most mﬁ“}gﬁ; brand
{earriad 5 months or more) ¥ Yours smol s brared
&) Nurmber of miscarriages Total yours smoked
{carried less than 5 months)? filtlgred cigarsting
ﬁmng miscarmage? [1¥es 1Mo non-filtered cigaretios
e ; , ; Total vears of smoking
&} Atwhat age did you take 2 " " s i
b} For how many months did you teke it ifiterad + non-fitered)
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3. Currert and ex-grackers:
&) Do (did} vou inhale? L) No, never
1 slighiy 1] Moderately 3 Deegly
B} Filt by the Foliowing Information for:
1) Thee Hirst brand smoked regularly; and
2YThe brand of sigarshe smoled forthe |
period ol dme.

8. Doyou get vour drinking weder 1f§m: 1 Gty supply
D Prvatewall 17 Othor (808eifv) e
7. Doyou add any substances to soften your drinking
water? ClYes [ Mo

B, Hoer many oups, plasses, of drinks of thees bever
agea oo you usually drink o day, and Tor fow many

‘ Eler | blarhl | paniy j yaars? [ you no longer drink a listed bevarage, of

Brand Mama  See s 8o | v W | Pt Dey o pattern bas changed in e last e years, -
1 catoprevious and curent smourds, Floss than e
7 day, bt & fsast thiee Bmos & weel, wilte 1784

2
s = y
DIET: Beverages A Vanirs LAmourd | Yeurd
1. On the average, how many ¢ays par wesk do you Whole milk (notsidmmilk)
" eat the following foods? {if less than once a wesk, Caffsinated coffee
bt at loast twice a month, wile 1/2.} Decafienaled coliee
Baeiz Faw vagetabies. ... Toa
Z?aécken g:gg;fmm — et soda of dist iced tea
LIBE, ccmnnsmmmre CAIUS SURSNICBS e Non-diet colas
Ham Spaghett/Macaroni/ Dther non-diet soft drinks
11— White riog Boer
Sioked meas Whits bread/Folly' il
Frarkiurters’ BHSCUHE i Wina
Sausage__ . Brown rice/Whole Hard liquor
Butter.... . wheatBarey___.. arg fguo
Margaring . Bran'Commuffing.
L oV SR o« i+ . SO , g,
Eogs . QaimealShredded MEDICATIONS AND VITAMINS:
Giraen lsafy whealBran 1. How many times in the last month have you ysed
vegetiables e — the foliowing and how long have you used tham?
Tomatoes...... Cold {Dry} cemsgls......... {if none, write O;  used oy cocagionally, wiile 12
Cabbage/Brocool ios Craam..
Brussels sprouts.....  Chocolate S Medications aind Vitaming i Tymes | Yoars
. How many days a wesk do you eal the following Aspirin, Butferin, Anatin
fried foods? Tenol
Friet B008 wmmmvmmmmmes  FriBE RAMUIGEFS S0
Friedbaoon_ . orbeel..e Vitarin A
Fried chicken/fish.......... Other idedfoods...... Vitarnin G
Fronchfries ______ Vitamin £
00 NOT EAT FRIED FOODS [} : -
3. Do vou eal 2 vegetaran diet? [1Yes [ Mo [Mudti-Vitaming
K “yes," what type and for how many years? Biood Pressurs pills
’ - — Diurstics {vater pilig)
. Has these been & major change in your diet In the - —
fast 10 years? ClYes [INo Thyrotd medications
B yas,! what was the change? S Heart medications
5. 2y Do you now o have you ever added artificial A:;‘m medications
sweeteners (saccharin or cyclamales} o coffes, valium
e, or other ézém% c; fomud? Libriutmn
i ¥as, currently [ 1Formery [Never s ElEnrir 1
by if ever used arifficial sweataners, indicate Frescription sieeping pile
amount par day and for how jang, Tagarnat {lof wicers)
Packets: Mo. per day. Years. Otrer:
Drops: Mo par day Yo
Tabsledn: Mo, perday. Yeurs
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OCCUPATIONS:

1. What is your current occupation end what are your
duties?

How many veers:
2, ¥ retired, what was your fas] ccoupation?

Yoar retived:
5. What other job have you heidforthe longest pariod
of tima?

Howmany vears: ...
4, What time of day do you start working? ...
Do you work rotating shifis? [JYes ONo
5. How many hours a week do you work on:
paid jobs ... » VOIUPEEE! WOTK . cocmcammmrn—s
housework
6. In your work or daily iife, are (wera} you regularly
exposed 10 any of the following? i “ves,” Indicate
the number of yoars expesed.

Check Onel Number of
Exposure 10! Yos Mo | Years

Asbesios

Chemicals/Acids/Solvents

Coal of Stone Dusis

{Coai Tar/Pitch/Asphalt

Diese! Engine Exhaust

Dyes

{Formaldehyde

iGasoline Exhaust

Pesticides/Herbicides

Texiile Fibers/Dusts

Wood Dust

X-rays/Badicactive Malerialy

REMARKS:

MISCELLANECUS:

1. Where were you bom?
2. \Whare weve your parents bom?
Father:

Wother:
3. Religion: [} Protestant 1] Catholic [ Jewish
D8 [ Other_ .. - [ Nore
 Brolestant, what dencmination? R
4. Education
{71 8ith Grade or Less ™ Some College
) Somes High School ] Coliege Graduate
" High School Graduste [ ] Graduate School
] Yocational/Trade Schooi
&, How many years have you lived in your pressm
neighborhiood?
8. l-'i?;w many friends of relatives do you feel close
07
7. How many lirmas & month do you:
a} Go io church of templs?........
b) Attend ciub meetings?

Y

¢j Participate Ingroup activitles?
8. What Is the most upsalting svent thet happensd
1o you in sbout the last five years? I
[ None
9. How many people do you take care of in your
household? (Includeyourselfl)
10. Do you now or have you ever used & parmanant
hair dye? MYes [ No
“ uyss‘»
&) What brand?
b) What color?

¢) How often applied?
d} How many years have you used it?.

1. Do you now Or have you ever used mouthwash?

[OYes [Iheo
g{ uws!n
a) What brand?
b) How many imes awoeKisliused?
¢} For how many years have you used i7? e
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APPENDIX 3 - SUMM

RESULTS IN NEVER SMOKERS
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Figure 9. Summary of Hazard Ratios for the Association between a History of Asthma
and Cancer Mortality in Never Smoking Men
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Figure 10. Summary of Hazard Ratios for the Association between a History of Asthma
and Cancer Mortality in Never Smoking Women

-
@l
N
s,

] ] ]
0.8 & e © i
& £

0.6 4 %/. O{“z} O”e . 42’% G {4’0 K7 @‘5’3 63%;9 RT o

) %, % % % & G “ g % %

¢ %) T % g TG, R, G Q. % % %
4;71» g@ S G 00@ Re 00@ %o ¢ lo(s '9/@
0.4 + 6 Gy % > g <, %,
3 %, %,
% . o

0.2 +

0

164



Figure 11. Summary of Hazard Ratios for the Association between a History of Hay
Fever and Cancer Mortality in Never Smoking Men
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Figure 12. Summary of Hazard Ratios for the Association between a History of Hay
Fever and Cancer Mortality in Never Smoking Women
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Figure 13. Summary of Hazard Ratios for the Association between a History of Asthma
and Hay Fever and Cancer Mortality in Never Smoking Men
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Figure 14. Summary of Hazard Ratios for the Association between a History of Asthma
and Hay Fever and Cancer Mortality in Never Smoking Women
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Figure 15. Summary of Hazard Ratios for the Association between a History of Asthma
and/or Hay Fever and Cancer Mortality in Never Smoking Men
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Figure 16. Summary of Hazard Ratios for the Association between a History of Asthma
and/or Hay Fever and Cancer Mortality in Never Smoking Women
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