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The causes of most adult gliomas are essentially unknown.
Previous studies have indicated associations between im-
mune system factors and the incidence of adult glioma, spe-
cifically that those individuals with certain allergic conditions
may have decreased risk of glioma. We obtained detailed
allergy histories for 405 adults newly diagnosed with glioma
in the San Francisco Bay Area from 1997–1999 and 402
age-gender-ethnicity frequency-matched population-based
controls. Seventy-nine percent of eligible cases or their prox-
ies and 74% of eligible controls completed in-person inter-
views about allergies, age at onset, frequency, duration and
severity. Overall, cases were less likely than controls to re-
port any allergy (72% vs. 85%; odds ratio [OR] � 0.5 [0.3–
0.7]); for self-reported cases (n � 269), OR � 0.7 (0.4–0.97)
and for proxy-reported cases, OR � 0.3 (0.2–0.5). Pollen,
dairy and nut allergies were significantly less common in
cases than controls and most other allergens had odds ratios
of less than one. There were no apparent trends with num-
bers of symptoms, route of exposure of allergen or reported
severity of allergy, but there was a significant dose-response
with increasing numbers of allergens (p < 0.0001 for linear
trend among all cases vs. controls and p � 0.02 among self-
reported cases only vs. controls). Although our work displays
strong and consistent associations, future efforts must at-
tempt to establish whether an immune system typified by
proclivity to allergies, or an immunologic consequence of the
allergies themselves, might be capable of preventing nascent
brain tumors. The dominance of humoral immunity in the
central nervous system is consistent with either of these
models. Alternatively, common genetic or environmental
causes for allergies and gliomagenesis may mediate or con-
found these observed inverse risks for allergies and gliomas,
or other explanations may exist. Future work might reveal
an important role for immunologic factors in gliomagenesis
and potential preventative and/or therapeutic modalities.
© 2002 Wiley-Liss, Inc.
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Epidemiologic studies have not identified consistent causal risk
factors for the majority of adult-onset glioma, although a multi-
factorial etiology that includes a role for common genetic suscep-
tibility loci is likely.1–3 Also, the possibility of different causes for
different histologic and molecular subtypes of tumors must be
considered.4 The detection of viruses and viral proteins in clinical
brain tumor samples5,6 has focused attention on the possible in-
volvement of infectious agents in the etiology of glioma. In our
previous population-based epidemiologic studies, we demon-
strated an inverse association between the occurrence of glioma
with self-reported history of chicken pox and shingles and sero-
logic immunity to the neurotropic virus Varicella Zoster.7,8 Inter-
estingly, there was no association of glioma observed for Epstein
Barr virus, Cytomegalovirus or Herpes Simplex I/II virus, the
latter like Varicella being neurotropic.

The associations of glioma with the presence of viral agents or
humoral immunity to viruses could be evidence of impaired im-
munosurveillance. Indeed glioma patients have long been known
to demonstrate distinct deficits in immune function, however, these
defects primarily disrupt cell-mediated immunity.9 Immunosup-
pression in glioma patients has been attributed to the secretion of
soluble factors that inhibit T-cell and monocyte function10,11 but is
not thought to affect humoral or T-cell-independent immune re-
sponses. In fact, total serum IgG levels in glioma patients were not
significantly lower than those found among healthy persons in a

study in India12 and (as indicated above) we previously found IgG
levels of several viruses apart from Varicella in glioma patients
were not different from age-, gender- and ethnicity-matched con-
trols.7,8 It is currently unclear whether the cell-mediated immune
defects that have been studied extensively in patients at diagnosis
play a role in the early stages of gliomagenesis. The brain is
traditionally thought of as an “immune privileged” organ,13 how-
ever, it is now known that the brain is capable of supporting
vigorous and highly coordinated immune responses to intrathecal
neoantigens.14 Hence, either cell-mediated or humoral immunity
could influence the development and early growth of brain tumor cells.

Indirect support for an association of glioma risk and humoral
immunity has come from epidemiologic studies that suggest a role
for reported history of allergy and certain infectious diseases with
glioma as well as other cancers.15–18 Although we did not directly
explore the nature of a patient’s immune system prior to diagnosis
of glioma, we have explored one aspect of immune-system func-
tion via questionnaire information—namely, history of allergies.
We asked about such history because of a suggestive report show-
ing an inverse relationship between glioma patients and controls of
specific immunologic factors including history of allergies.19 This
study was later published within an international study of nearly
1,200 glioma and 300 meningioma cases and 2,500 controls that
showed an inverse association (odds ratio [OR] � 0.6, 95%
confidence interval [CI]: 0.5–0.7) between glioma (but not menin-
gioma) and allergic diseases.17 This inverse association between
history of allergy and gliomas also was recently replicated in
another multicenter study in the United States.18 In our study, we
included a wide variety of questions about the history of allergies
in a population-based series of adult cases and controls in the San
Francisco Adult Glioma Study in an attempt to confirm and better
characterize the association. Our analysis confirms the previous
reports of an inverse relationship between allergies and adult
glioma, provides some clues to the specificity (regarding type of
allergy and symptom), magnitude and potential mechanism of this
association and suggests directions for future research.

MATERIAL AND METHODS

Case and control ascertainment
Our study attempted to enroll all adults newly diagnosed with

glioma (International Classification of Disease for Oncology,20
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morphology codes 9380-9481), in the 6-county San Francisco Bay
Area from May 1997 to August 1999. Cases were ascertained
within 2–8 weeks of diagnosis using the Northern California
Cancer Center’s rapid case ascertainment system with a protocol
as previously described.21 Controls were identified using random
digit dialing methods and age-gender-ethnicity frequency matched
to cases using a protocol similar to that previously described.21 All
study protocols were reviewed and approved by the Committee on
Human Research at the University of California, San Francisco,
CA.

Interviews
In-person interviews with cases (or their proxies) and controls

lasted approximately 2 hr and used a structured questionnaire and
show cards. Subjects were offered a brief telephone interview if
they declined the full in-person interview.

The questionnaire asked extensive information about family and
personal medical history including allergies, demography, occu-
pational history, X-ray exposures, drugs, diet, injuries and other
personal information including smoking. Detailed information re-
garding history of allergies was collected in tabular form on 6
questionnaire pages. Data were collected for the following aller-
gens: house dust, mold or mildew, pollens, poison oak/ivy, sting-
ing or biting insects, eggs, dairy, shellfish, wheat, nuts, other foods,
cats, dogs, other animals, prescription and nonprescription drugs,
soap/detergents and cosmetics. Additional spaces were included in
the questionnaire for “other” items that the patient identified as
allergens but were not specifically asked for by name by the
interviewer. Interviewers prompted subjects with show cards for
each of the general allergen categories and first asked (yes/no/
don’t know) whether the allergens produced any of the following
symptoms (runny nose, burning/watery eyes, sneezing/congestion,
wheezing/asthma, rash/hives, itching, swelling/inflammation, nau-
sea/vomiting, diarrhea, headaches, anaphylactic shock, other:
specify). If the respondent answered yes to any symptom to an
allergen, the interviewer checked which symptoms, then asked
how old the individual was when first experiencing any symptom
to the allergen and whether or not this allergy was still present. If
the allergy no longer existed, the subject was asked how many
years altogether the allergy with its associated symptom(s) lasted.
In addition, frequency of the allergy was asked as how many
days/year or weeks/year and lifetime episodes were experienced. If
these 3 frequency categories did not fit, the subject was prompted
to supply a description of the frequency. Finally, the maximum
severity of the allergic episodes for each allergen was assessed by
1 of the 4 following categories: mild (no medication taken);
moderate (uses prescription or nonprescription medication some-
times); severe (medical care required or under regular medical
care); don’t know. The brief telephone interview (for those who
refused an in-person interview) also included some allergy history
information.

Statistical methods
Odds ratios (OR) for cases vs. controls that reported history of

allergic conditions were estimated with logistic regression, con-
trolling for age, gender and ethnicity (white/nonwhite). ORs were
estimated for all cases vs. controls, self-reporting cases vs. controls
and proxy-reported cases vs. controls. ORs also were computed for
individual reported allergens, reported symptoms, allergy severity
and to the likely route of allergen exposure. Three route categories
were chosen: respiratory (house dust, molds, pollens, cats, dogs
and other animals), digestive (eggs, dairy, shellfish, wheat, nuts
including peanuts/cashews and other foods) and dermal (poison
oak, insect stings/bites, soap and cosmetics). Where an allergen
was involved in more than 1 route, it was grouped in its major
route of exposure. Simple descriptive statistics comparing partic-
ipants and nonparticipants were conducted with SAS.22 The sta-
tistical program PROC LOGISTIC (SAS) was used for computa-
tions of ORs.22

Control for potential bias and confounders.A common difficulty
for retrospective interview studies is the potential for reporting
bias; that is, patients with disease might be more or less likely to
recall, to fabricate or to be prompted by interviewers to supply
information that might have contributed to the etiology of their
disease. This seems unlikely to happen for history of allergies,
which would not be commonly thought to affect glioma, or if they
were, might be thought to be positively associated rather than
negatively. Another bias could come from an estimate of lifetime
incidence of allergy that may be biased by the age of the individ-
ual—older individuals providing less accurate information. Also,
proxies might be less likely to know of and report temporally
distant or minor allergies. To help control for these potential
biases, ORs were adjusted for age, gender and ethnicity, and
results emphasize associations for self-reported cases. ORs were
also adjusted for maternal age and smoking since these are addi-
tional factors that might be associated with incidence of allergic
disease such as asthma.23 ORs were also adjusted by socioeco-
nomic status indicators including income and education level
attained (college degree/no college degree). Finally, to control for
potential confounders, ORs were computed for route of exposure
and allergen stratifying by tumor histopathology (glioblastoma or
other glioma histologies) and by self/proxy status.

RESULTS

Ascertainment of cases and controls
A total of 405 of 511 (79.3%) eligible cases identified through

rapid case ascertainment consented to the long questionnaire, and
an additional 23 (4.5%) consented to the short telephone question-
naire only (Table I). A total of 402 of 541 eligible controls (78.3%)
identified by random digit dialing (RDD) consented to the full
interview with another 68 (12.6%) agreeing to the brief telephone
interview. Additional details of the specific reasons for subject
exclusion and the distribution of RDD calls are included in Table I.

TABLE I – CASE AND CONTROL ASCERTAINMENT AND PARTICIPATION: THE SAN FRANCISCO BAY AREA ADULT GLIOMA STUDY, 1997–1999

Cases n1 Controls n1 Distribution of RDD calls n1 %2

Full interview 405 402 Not in service 1,591 17.1
Accepted brief telephone interview only 23 68 Business line 1,218 13.1
Refused to enter study 53 49 Fax/modem 700 7.5
Language problem 6 3 No response after 10 calls 1,417 15.3
Too ill for interview 1 3 Refusals 1,541 16.6
Inability to locate subject 21 16 Language or health problems 559 6
Refused by patient’s practitioner 2 Multiple lines 73 0.8
Totals 511 (79.3%4) 541 (74.3%4) Too young 24 0.3

Quota full 1,513 16.3
Ineligible 80 0.9
Good match3 562 6.1
Out of area 4 0

1Number of subjects in category.–2Percent of total RDD calls.–3Of 562 good matches from RDD, the study closed before contacting 20 and
1 proved to be related to a case, thus there were 541 eligible controls.–4Percent with full interview of those eligible.
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The average age for cases was 56.0 � 0.8 (SE) years and
controls 55.3 � 0.8 (Table II). Nonparticipants were only slightly
older for both cases (60 years) and controls (57 years). The proxy-
and self-reported cases did not significantly differ from each other
by ethnicity, gender or years of total education (Table II), but
proxy-reported cases were significantly older than self-reported
cases (means 65 vs. 51 years, respectively p � 0.001), were more
likely to have a college degree and were more likely to have been
diagnosed with glioblastoma multiformae (GBM, 79% vs. 48%,
respectively, p � 0.001).

Allergy and glioma
Overall results for any allergy demonstrated a significant deficit

of reported allergies among glioma patients when compared to
controls (OR � 0.47, 95% CI: 0.33—0.67, Table III) and among
self-reported cases (OR � 0.65, 95% CI: 0.43–0.97). When adding
in those cases and controls who answered only the short phone
questionnaire, the associations were barely affected (all glioma
cases vs. controls, OR � 0.55, 95% CI: 0.40–0.75; self-reported
vs. controls, OR � 0.66, 95% CI: 0.47–0.95). These and all other
reported ORs were adjusted for age, gender and ethnicity (white/
nonwhite). This adjustment did not fundamentally alter any result,
and therefore unadjusted ORs are not reported. We also ran models
adjusting for other potentially confounding variables but found
that none altered the ORs by more than 2% and therefore are not
reported. These adjustments include smoking, maternal age, in-
come (as categorical and continuous variable in separate models)
and education (college degree/no college degree).

In an attempt to define or specify what characteristics of aller-
gies differed between cases and controls, ORs were computed for
specific allergens, reported allergy symptoms, as well as grouping
reported symptoms into putative “routes of exposure” including
respiratory, digestive and dermal. ORs for specific allergens were
highly variable (Table IV), although for high-frequency allergen
categories (�100 subjects among cases and controls), including
house dust, pollens, poison oak, stings and cats, ORs narrowly
ranged from 0.73–0.94 for self-reported cases (Table IV). Some
individual low-frequency allergies were highly inversely associ-
ated with case status, particularly among food allergens (self-
reported, dairy OR � 0.48; wheat OR � 0.15; nut OR � 0.32,
Table IV). An assessment of dose-response was also calculated by
grouping individuals by numbers of allergy (i.e., by reported
allergen) into 5 “dose” categories and calculating ORs compared
to those who reported no allergies as a reference (Table V).
Interestingly, ORs tended to diverge further from the null in
subjects with increasing numbers of allergies (p � 0.0001 for
linear trend). This trend was also significant among self-reported
cases only (p � 0.02 for linear trend).

Regarding individual symptoms regardless of allergen, ORs of
less than 1 were demonstrated for all symptoms, but significantly

(i.e., 95% CIs exclude 1) for runny nose, watery eyes, sneezing,
wheezing, itching, swelling, headaches, anaphylactic shock and
other symptoms (Table VI). The only significant ORs for symp-
toms among self-reported cases vs. controls were sneezing, wheez-
ing and anaphylactic shock (Table VI), but all ORs for all symp-
toms for self-reported cases vs. controls except for that of
symptoms of “rash or hives” were less than 1. The relative lack of
specificity by type of allergen was also apparent when allergens
were grouped by route of exposure: respiratory allergens (OR �
0.62, 95% CI: 0.47–0.82), digestive allergens (OR � 0.55, 95%
CI: 0.38–0.81) and dermal (OR � 0.58, 95% CI: 0.44–0.78).
Among the self-reported cases only, ORs by route of exposure
were also equivalent but slightly higher and only the respiratory
allergen subgroup had CIs that did not cross 1: respiratory aller-
gens (OR � 0.70, 95% CI: 0.51–0.96), digestive allergens (OR �
0.67, 95% CI: 0.44–1.02) and dermal allergens (OR � 0.78, 95%
CI: 0.57–1.07).

The allergy assessment also included a measure of severity by 3
levels (see Material and Methods). Using individuals who reported
no allergies of any kind as a reference, ORs were calculated for
each reported severity level (Table VII). ORs were less than 1 at
all 3 severity levels and lowest among “mild” severity for all cases
and also for self-reported cases vs. controls. Interestingly, among
the self-reported cases, the CI excluded 1 for only “mild” severity
(OR � 0.52; 95% CI: 0.31–0.86).

Assessment of bias: age and tumor histology

Proxy-reported cases invariably showed stronger and more sig-
nificant inverse associations with reporting of allergies than self-
reported cases (Table III). Proxy-reported cases are significantly
older and more likely to be diagnosed with GBM than self-
reported cases (Table II), presenting the possibility that the inverse
association of glioma with allergies could be age- or pathology-
specific. On the other hand, proxies might systematically underre-
port allergies at a higher rate than self, a simple reporting bias. To
assess this to the degree that our data allowed, we divided self- and
proxy-reported cases into GBM and non-GBM histopathologies
and calculated case-control ORs for allergies for these subgroups
of cases. The inverse associations of glioma with allergies were
present for both GBM and other histologies and among both self-
and proxy-reported cases (Table VIII). Based on small numbers,
ORs were strongest for proxy-reported non-GBM cases vs. con-
trols (note that these were younger on average, mean age 60, than
proxy-reported GBMs, mean age 66). ORs for self-reported cases
with non-GBM histologies were also significantly associated with
allergies, but CIs for self-reporting cases with GBMs include 1
(Table VIII). Further stratification by age did not indicate variable
associations within GBM/non-GBM histologies (data not shown).

TABLE II – – DESCRIPTION OF PARTICIPANTS VS. NONPARTICIPANTS: AGE, GENDER, ETHNICITY, EDUCATION AND INCOME:
THE SAN FRANCISCO BAY AREA ADULT GLIOMA STUDY, 1997–1999

Participants Nonparticipants

All cases
(n � 405)

Self-reporting cases
(n � 269)

Proxy-reported cases
(n � 136)

Controls
(n � 402)

Cases
(n � 106)

Controls
(n � 139)

Mean age � SE 56.0 � 0.8 51.3 � 0.91 65.1 � 1.21 55.3 � 0.8 59.6 � 1.6 57.1 � 1.3
% White 82.2 82.5 81.6 83.1 nc2 nc2

% Male 55.3 55.4 55.2 54 63.2 59.0
% Glioblastoma 58 47.61 78.71 — 70.8 —
% College graduate 53.3 59.51 41.21 58.2 26.13 54.43

Mean education (years) 14.5 � 3.3 15.1 � 3.2 13.5 � 3.3 15.0 � 3.3 nc2 nc2

Household income (USD/year)
�$29,999 (%) 21.8 14.8 36.0 22.6
$30–49,999 (%) 23.1 22.3 24.8 20.0
$50–69,999 (%) 17.3 17.2 17.6 18.5 nc2 nc2

$70–99,999 (%) 15.0 18.4 8.0 18.8
$100,000 � (%) 22.8 27.3 13.6 20.1

1p-value � 0.001 self vs. proxy.–2nc, data not collected.–3Based on only 23 respondents for cases and 68 respondents for controls.
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DISCUSSION

In our population-based study of incident glioma cases and
controls, we found consistent inverse associations for both self-
and proxy-reported histories of allergic conditions with the occur-
rence of adult glioma. Previously, a single published study con-
sidered the relationship of allergies and asthma to glioma; this
study was published in part19 and subsequently as a multicenter
study.17 Approximately the same risk ratios (e.g., 0.5–0.7) as our
current study were found in the multicenter study, these ratios
being evident in 7 of the 8 study centers including 6 different
countries. It is important to note that different definitions and
greatly different frequencies of allergies were reported in our study
and that of Schlehofer et al.17,19 In the multicenter study, allergic
diseases were assessed with the question: “Were you ever told by
a doctor that you had (asthma, eczema, other allergies)?” This
approach yielded an allergy prevalence of 20–31% at the various
centers.17 Our definition of allergy included mild through severe

self-assessed allergic symptoms, yielding an overall prevalence of
85% in controls (Table III). It is likely that most of the subjects
defined as having a history of allergies in the Schlehofer et al.
study would have scored as “severe” (27–30% of our subjects) or
“moderate” (an additional 26–30% of our subjects) in our study,
however, direct comparisons are impossible. Interestingly, we
found the strongest inverse association of allergy and glioma in
comparisons of the category of least severe allergic symptoms
(mild symptoms, managed without the care of a doctor, 17–24%,
Table VII), consisting of many subjects that would presumably
have not been included in the Schlehoffer et al. study. In apparent
contrast, subjects reporting more allergies (without regard to se-
verity) tended to have stronger inverse associations between al-
lergy and glioma (Table V). Clearly, the difficulty in comparing
the results of these 2 studies underscores the need for distinct
medical and biologic definitions of allergic disease in future stud-
ies.

TABLE III – ODDS RATIOS (OR) AND 95% CONFIDENCE INTERVALS (CI) FOR GLIOMA CASES AND CONTROLS WHO REPORTED HAVING ALLERGIES TO
ANY OF THE ALLERGENS VS. REPORTING NO ALLERGIES: THE SAN FRANCISCO BAY AREA ADULT GLIOMA STUDY, 1997–1999

Allergy %1 #2 n3 OR4 95% CI

Controls 84.6 340 402 Reference
All cases 72.1 292 405 0.47 0.33–0.67
Proxy-reported cases 59.6 81 136 0.31 0.20–0.49
Self-reported cases 78.4 211 269 0.65 0.43–0.97
1Percent reporting a history of allergy.–2Number of subjects reporting any allergy history.–3Total number of subjects included in study.–

4Case-control odds ratios adjusted for age, gender and ethnicity (white/nonwhite).

TABLE IV – FREQUENCIES OF SUBJECTS REPORTING ALLERGY TO SPECIFIC ALLERGENS, WITH ASSOCIATED CASE-CONTROL ODDS RATIOS (OR) AND
95% CONFIDENCE INTERVALS (CI): THE SAN FRANCISCO BAY AREA ADULT GLIOMA STUDY, 1997–1999

Allergens
Controls All cases Self-reported cases

%1 #2 n3 %1 #2 n3 OR4 95%CI %1 #2 n3 OR4 95% CI

House dust 22.7 88 388 17.2 69 401 0.72 0.50–1.03 21.4 57 267 0.86 0.58–1.26
Molds 12.4 48 388 9.3 37 398 0.73 0.46–1.16 10.9 29 266 0.81 0.49–1.36
Pollens 46.2 184 398 34.5 138 400 0.61 0.46–0.82 39.3 105 267 0.73 0.53–1.00
Cats 17.5 70 399 13.3 54 405 0.74 0.50–1.09 16.0 43 269 0.78 0.51–1.20
Dogs 6.0 24 399 6.4 26 404 1.09 0.61–1.94 7.4 20 269 1.14 0.61–2.13
Eggs 1.5 6 398 1.7 7 405 1.15 0.38–3.46 1.9 5 269 1.19 0.36–3.95
Dairy 10.1 40 395 4.2 17 401 0.40 0.22–0.71 5.3 14 266 0.48 0.25–0.90
Shelfish 5.0 20 398 4.2 17 405 0.83 0.43–1.61 3.7 10 269 0.76 0.35–1.67
Wheat 2.3 9 397 0.3 1 404 0.11 0.01–0.88 0.4 1 268 0.15 0.02–1.21
Nuts5 3.8 15 398 1.0 4 405 0.26 0.09–0.79 1.5 4 269 0.32 0.10–0.99
Any drugs 30.7 123 401 28.1 112 399 0.89 0.65–1.21 30.6 82 268 1.07 0.75–1.50
Poison oak 30.6 122 399 24.2 96 397 0.72 0.52–0.99 29.3 78 266 0.94 0.67–1.34
Stings (insects) 18.6 74 398 14.4 57 396 0.74 0.51–1.09 17.5 46 263 0.88 0.58–1.33
Soap 11.2 45 401 7.9 32 404 0.69 0.43–1.11 8.6 23 268 0.72 0.42–1.22
Cosmetics 10.0 40 400 5.9 24 404 0.57 0.34–0.97 6.3 17 268 0.64 0.35–1.16
Any other 33.1 133 402 24.7 100 405 0.67 0.49–0.91 27.5 74 269 0.78 0.55–1.10
1Percent reporting allergy history to specified allergen.–2Number of subjects reporting allergy history to specified allergen.–3Total number of

subjects reporting on history of allergy to allergen (either yes or no).–4Case-control odds ratios adjusted for age, gender and ethnicity
(white/nonwhite) and compares those with vs. those without reaction to the specific allergen.–5Nuts include nut-like legumes (peanuts and
cashews).

TABLE V – ODDS RATIOS (OR) FOR “DOSE” OF ALLERGIES BY REPORTED SPECIFIC ALLERGENS, WITH ASSOCIATED CASE-CONTROL ODDS RATIOS
(OR) AND 95% CONFIDENCE INTERVALS (CI): THE SAN FRANCISCO BAY AREA ADULT GLIOMA STUDY, 1997–1999

No. of allergens
reported

Controls
(n � 402) All cases (n � 405) Self-reported cases (n � 269)

%1 #2 %1 #2 OR3 95% CI %1 #2 OR3 95% CI

0 15.4 62 27.9 113 1.0 (reference) 21.6 58 1.0 (reference)
1 20.2 81 22.2 90 0.61 0.4–0.94 22.3 60 0.78 0.47–1.27
2 19.1 77 16.3 66 0.47 0.3–0.74 17.8 48 0.66 0.40–1.11
3 13.9 56 11.4 46 0.45 0.27–0.75 11.9 32 0.61 0.34–1.07
4 8.0 32 6.7 27 0.46 0.25–0.84 7.1 19 0.60 0.40–1.18

�5 23.4 94 15.6 63 0.37 0.23–0.58 19.3 52 0.56 0.34–0.93
p � 0.0001 for linear trend p � 0.02 for linear trend

1Percent reporting a history of allergy to specified number of allergens.–2Number of subjects reporting history of allergy to specified number
of allergens.–3Case-control odds ratios adjusted for age, gender and ethnicity (white/nonwhite).
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The overall consistency of our result with Schlehofer et al.17 is
a good argument against recall bias as a likely explanation for the
inverse association of allergy with glioma, however, the multi-
center study did not distinguish between results of proxy- and
self-reported interviews, which we have seen produce somewhat
different point estimates of risk. Given the rapid debilitating course
of glioma, especially among the subset of older cases with the
GBM histology, it is very difficult to uniformly collect self-
reported histories. Our self-reported cases were younger and less
likely to have a diagnosis of GBM. Although allergies were less
common among these self-reported cases compared to controls, the
relative case-control difference in symptoms was much more
marked among proxy-reported cases. We cannot rule out that
differential underreporting by proxies of cases’ allergy histories
might explain the much stronger observed associations among
proxy-reported cases. Given the different age at onset and histol-
ogy, the older proxy-reported cases might be etiologically distinct
with respect to immunologic features. The descriptive epidemiol-
ogy of both allergies and high-grade glioma have indicated a
steady concomitant increase in incidence of both diseases,24,25

which does not seem compatible with the observation that allergies
would decrease risk of glioma. However, low-grade gliomas have
been decreasing in incidence in the last 15 years,24 and it is notable
that allergy associations were strongest in non-GBM tumors, cor-
responding to the lower-grade gliomas, in both the self- and
proxy-reported subgroups (Table VIII). Future studies will address
any potential specificity among brain tumor histopathology and
defined characteristics of allergy.

A lack of specificity between association of glioma with specific
allergen and route of exposure provides some uncertainty regard-
ing the possibility of an overall residual bias or confounding. We
do not, however, believe that the allergy association in general is
incorrect given our careful control of reported potential confound-
ers, including age, gender, ethnicity and the large body of prior
associations among cancer and reported allergies that is consistent

with the association we observed here. Most meaningfully, signif-
icant results were found among self-reported cases vs. controls
notably among combined respiratory allergens. In addition, we
performed 1 analysis that strengthens the argument against signif-
icant reporting bias in the reporting of allergy history: We found
that self- and proxy-reported cases showed similar rates of child-
hood allergies when adjusted by the decade cohort of birth (data
not shown). Finally, a lack of specificity by allergen, symptom or
route of exposure does not necessarily indicate a systematic bias in
data collection but rather may reflect the complex pathology of
allergy that can manifest differently in individuals given exposure
and lifestyle characteristics.

Attempts to provide evidence for a “dose-response” for allergy
on brain cancer risk produced mixed but not necessarily incom-
patible results. First, we considered an allergen as a categorical
variable, regardless of reported severity, route of exposure or other
characteristic. A clear “dose-response” emerged among all cases
(p � 0.0001 for linear trend) and self-reported cases only vs.
controls (p � 0.02, Table V). Another measure of dose, allergy
severity, yielded a different result. Contrary to a typical “dose-
response” expectation, mild allergies were more strongly inversely
associated with gliomas than moderate or severe allergies but the
differences between categories of severity were consistent with
chance (Table VII). One possibility is that individuals with mul-
tiple allergies regardless of severity are more likely to be classified
correctly as allergic. Individuals misclassified as allergic may have
an intolerance to one specific food or toxin, for instance, but such
an intolerance could in some cases be severe. Further study is
needed to determine the precise nature of allergies using concrete
biomarkers.

Our current study explores the role of lifetime history of allergy
on the risk of glioma. Close to 85% of all controls in our study
reported allergies (Table III). The frequencies of symptoms to
allergens that would lead to rhinitis (hay fever) include pollens and

TABLE VI – FREQUENCIES AND CASE-CONTROL ODDS RATIOS (OR) AND 95% CONFIDENCE INTERVALS (CI) FOR REPORTING SPECIFIED SYMPTOM TO
ANY ALLERGEN VS. THOSE EITHER NOT REPORTING SYMPTOM OR REPORTING NO ALLERGIES: THE SAN FRANCISCO BAY AREA ADULT GLIOMA

STUDY, 1997–1999

Symptoms
Controls

(n � 402) All cases (n � 405) Self-reported cases (n � 269)

%1 #2 %1 #2 OR3 95% CI %1 #2 OR3 95% CI

Runny nose 41.3 166 31.6 128 0.66 0.49–0.88 36.8 99 0.79 0.57–1.08
Watery eyes 40.6 163 30.9 125 0.66 0.49–0.88 36.4 98 0.78 0.57–1.08
Sneezing 47.0 189 34.8 141 0.60 0.45–0.80 38.3 103 0.64 0.46–0.88
Wheezing 17.4 70 10.6 43 0.57 0.38–0.86 11.5 31 0.58 0.37–0.92
Rash/hives 48.3 194 44.0 178 0.85 0.64–1.12 49.4 133 1.03 0.76–1.41
Itching 50.3 202 38.3 155 0.62 0.47–0.82 46.5 125 0.85 0.62–1.16
Swelling 34.8 140 24.4 99 0.61 0.45–0.83 29.4 79 0.75 0.54–1.06
Nausea 15.2 61 11.1 45 0.70 0.46–1.07 11.9 32 0.77 0.48–1.23
Diarrhea 7.5 30 4.2 17 0.55 0.30–1.00 4.5 12 0.60 0.30–1.20
Headaches 16.2 65 10.4 42 0.61 0.40–0.92 11.5 31 0.65 0.41–1.03
Anaphylactic shock 4.0 16 1.0 4 0.24 0.08–0.73 0.4 1 0.09 0.01–0.65
Other 18.7 75 13.3 54 0.67 0.45–0.98 16.0 43 0.87 0.57–1.34
1Percent reporting symptom.–2Number of subjects reporting allergy symptom.–3Case-control odds ratios adjusted for age, gender and ethnicity

(white/nonwhite).

TABLE VII – ADJUSTED ODDS RATIOS (OR) AND 95% CONFIDENCE INTERVALS (CI) FOR “SEVERITY” CATEGORIES FOR THOSE REPORTING ALLERGIES
VS. THOSE WHO REPORTED NO ALLERGIES: THE SAN FRANCISCO BAY AREA GLIOMA STUDY, 1997–1999

Severity1
Controls

(total n � 402) All cases (n � 405) Self-reported cases (n � 269)

%2 #3 %2 #3 OR4 95% CI %2 #3 OR4 95% CI

None 15.4 62 27.9 113 1.00 21.6 58 1.00
Mild 24.4 98 17.8 72 0.40 0.26–0.63 17.2 49 0.53 0.32–0.87
Moderate 29.9 120 25.7 104 0.48 0.32–0.72 30.5 82 0.70 0.44–1.10
Severe 29.6 119 27.2 110 0.51 0.34–0.77 29.4 79 0.70 0.44–1.12
1None, subjects reporting no allergy history; mild, no medications taken; moderate, prescription or nonprescription medications taken

sometimes; severe, medical care required or under regular medical care.–2Percent reporting specific symptom severity.–3Number of subjects
reporting.–4Case-control odds ratios adjusted for age, gender and ethnicity (white/nonwhite).
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molds that have been reported to occur in 23–46% of adult
subjects (Table IV). These frequencies are quite similar to other
cross-sectional reports that use biomarkers of allergies to estimate
prevalence,25 providing some measure of validity to our data.
Allergy, while often thought of as a childhood disease, is quite
common in adults and regularly originates de novo in adulthood.27

Positive skin tests in childhood or young adulthood are highly
predictive for future allergy, indicating that the allergy “pheno-
type” may be a lifelong attribute.28 Because glioma latency periods
have not been established and may be decades, a lifetime assess-
ment of immune-system function by questionnaire instrument is
necessary in conjunction with biomarkers assessed at the time of
study ascertainment. Our analysis of childhood onset vs. adulthood
onset allergy in relation to glioma did not demonstrate differences
in association (data not shown), providing some suggestion that
propensity to allergy (regardless of age) drives the association
reported here, which could be partially explained by genetic or
other constitutional factors.

An inverse association between allergy and brain cancer is not
surprising given the intimate relationship between the immune and
the central nervous systems, as well as the putative role of the
immune system in tumor immunosurveillance. Our results in the
current study are consistent with our previous report, demonstrat-
ing an apparent deficit of individuals with serologic reactivity to
Varicella virus among brain tumor cases compared to controls.7,8

Our current study, combined with our previous reports, suggests
that immune factors may be protective for gliomas. We speculate
that those individuals with a biased immune response consisting of
a primarily humoral, specifically IgE- and IgG4-mediated immune
response (characteristic of allergy) may be more capable of pre-
venting nascent brain tumors. This immunologic bias, whether
developed through environmental influences or genetic predispo-
sition, may lead to a lifelong proclivity for hyperresponsiveness to
antigens manifesting both as allergies to external antigens and
effective tumor immunosurveillance in the brain. Current under-
standing of the immune response suggests that tumor immunity is
most effected by cell-mediated events, orchestrated by a class of T
cells that support cytotoxic mechanisms against the tumor (T-
helper 1). The evidence of such an immune reaction is common in
resected brain tumors, showing the presence of macrophages, CD8
T and natural killer cells and inflammatory mediators. Nonethe-
less, it has been proposed that this cell-mediated response is
largely ineffectual because of the action of glioma-derived immu-
nosuppressive factors. These factors, which include transforming
growth factor �, IL-10 and prostaglandin E2, are released during
advanced glioma to cause suppression of cell-mediated immunity
in the whole organism.10 Indeed the normal function of central
nervous system immune reactions appear to be orchestrated as
humoral (antibody-mediated) in nature rather than cell-mediated,
in theory to minimize collateral damage to the tissue architecture
of the central nervous system that might be wrought by the
vigorous inflammatory nature of a cell-mediated assault.29,30 The
inherent proclivity of atopic individuals to respond to “foreign”
antigen (which could be a tumor-derived antigen) with a height-
ened humoral, or T-helper type-2 response, may allow the mount-
ing of an appropriate immune response against emerging brain
tumors resulting in the observed decreased frequency of such
individuals among the case group. It is intriguing in this context to
note the apparent efficacy of T-helper 2 cytokines IL-4 and Il-13 in
inducing antiglioma response in animal models.31–33 IL-4 also
induces recruitment of eosinophils and macrophages to tumor
sites, inducing tumor cell death and formation of microlumina, or
high endothelial venules, which allows further immune response
against tumor-derived antigens.34,35 The exact nature of what con-
stitutes “protective” immune function against brain cancer and
how this might be exploited for therapeutic and preventative
measures warrant further study.

The limitations of our study include the lack of a concrete
biomarker for allergy as well as a definition of the precise patho-
physiology of the allergic reaction. Application of such biomarkers
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could help prevent the misclassification imparted by reporting bias,
especially on the uncertainty of comparing self- and proxy-re-
ported interviews. Whilst most allergies/asthma can be assumed to
represent atopic (IgE-mediated) reactions, many other conditions
may be mistaken for allergy, including food intolerances and
chronic respiratory ailments. Our overall allergy prevalence among
controls of 84.6% is much higher than reported in allergy preva-
lence studies that assessed allergy by a skin-prick assay for reac-
tion to specific allergens, which estimate allergy prevalence be-
tween 20–46%.26 These studies, however, assess a limited number

of specific allergens, primarily airborne, as well as ignoring aller-
gies that would be caused by non-IgE mechanisms such as many
food allergies.36 Even greater quantitative precision could be gar-
nered from a laboratory assay of allergy parameters, such as
precise IgE levels and functional assays of T cells. Indeed IgE levels
are distributed in a normal distribution in the population (when
logarithmically transformed37), making a categorical assessment of
allergy as expressed in this article less than ideal. To overcome some
of these limitations, functional assays will play a major role in our
future studies of the possible role of allergies in glioma risk.
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