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Abstract

Purpose Allergy symptoms have been associated with a
reduced head and neck cancer (HNC) risk, while elevated
blood immunoglobulin E (IgE) levels have been associated
with an increased HNC risk. According to the “prophylaxis
hypothesis,” allergic reaction is the body’s way of expel-
ling carcinogens. IgE level may be increased by exposure
to environmental carcinogens, including alcohol and
cigarette smoke. We hypothesized that individuals with
elevated serum IgE without allergy symptoms (i.e.,
asymptomatic atopic) would have the highest HNC risk.
Methods A case—control study of HNC (576 cases and 740
controls) was conducted to evaluate the association
between allergy symptoms or serum total IgE and HNC
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risk and the effect modification of allergy symptoms on the
association between serum total IgE and HNC risk.
Results Elevated serum total IgE was associated with a
significantly increased HNC risk [odds ratio (OR) 1.71,
95 % confidence interval (CI) 1.21-2.42]. Having allergy
symptoms was associated with a significantly reduced
HNC risk (OR 0.56, 95 % CI 0.43-0.73). Compared to
subjects with normal serum total IgE and no allergy
symptoms, asymptomatic atopic individuals had a signifi-
cantly increased HNC risk (OR 2.12, 95 % CI 1.33-3.35).
Conclusions Our results provided further evidence to
support the “prophylaxis hypothesis.” Further investiga-
tions regarding the immune profiles of asymptomatic ato-
pic individuals may provide additional clues for the
biological mechanisms underlying the association between
allergy symptoms, IgE, and HNC risk.
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Abbreviations
CI Confidence interval
HNC Head and neck cancer

HPV  Human papillomavirus
IgE Immunoglobulin E
OR Odds ratio

Introduction

Each year, approximately 600,000 people are diagnosed
with head and neck cancer (HNC) (cancers of the oral
cavity, oropharynx, hypopharynx, and larynx) worldwide,
making it the fifth most common cancer in the world [1].
Alcohol drinking, cigarette smoking, and betel quid
chewing are the well-established risk factors for HNC [2].
In addition, studies have shown that the incidence of
human papillomavirus (HPV)-associated oropharyngeal
cancer has been increasing [3]. Less is known about the
factors associated with a reduced HNC risk, with the
inverse association between higher consumption of fruits
and vegetables and HNC risk being the most consistent
finding [4].

Many studies have investigated the association between
allergy and cancer. Allergy usually results from an over-
active immune function of people with atopic tendency in
response to substances in the environment. Individuals with
atopic tendency have higher genetic predisposition to
produce immunoglobulin E (IgE) against common aller-
gens [5-7]. The binding of the allergens to the IgE mole-
cules on the surface of mast cells and basophils results in
the cross-linkage of IgE molecules to generate a cascade of
events leading to the manifestation of various allergic
diseases, including allergic rhinitis, asthma, eczema, drug
allergy, and food allergy [6]. Although people with higher
levels of serum IgE tend to develop more allergy symp-
toms, the correlation is not absolute. Some people with
elevated serum IgE do not develop allergy symptoms,
which is defined as “asymptomatic atopy” [8], while some
people may have allergy symptoms without elevated levels
of serum IgE, which is known as “non-atopic allergies”
[9].

Among the studies of the association between allergy
and cancer, an inverse association has been consistently
observed between history of allergy and risk of pancreatic
cancer or brain glioma, and less consistent findings have
been found for other cancers, suggesting that the reduced
risk of cancer associated with allergy may be tumor site-
specific [10]. “Immunosurveillance hypothesis” and the
“prophylaxis hypothesis™ are the two hypotheses that have
been proposed to explain the inverse association between
allergy and cancer [11]. According to the “immuno-
surveillance hypothesis,” allergy is not directly involved in
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preventing the development of cancer and is merely a side
effect of an overactive immune function that surveys and
eradicates cancer cells with high efficiency [11]. According
to the “prophylaxis hypothesis,” allergic reaction is the
body’s way of expelling carcinogens, and thus, allergy
plays a direct role in reducing the risk of cancer [11, 12].
Sherman et al. [11] suggested that the “prophylaxis
hypothesis” may be the more likely explanation for the
inverse association between allergy and certain cancers.
They reached this conclusion after observing that the
reduced cancer risk associated with allergy symptoms was
more commonly observed among tissues or organ systems
that interface the external environment (i.e., glia, mouth
and throat, colon and rectum, pancreas, skin, uterus and
cervix, lung, bladder, and gastrointestinal tract) than among
those that do not (i.e., ovaries, meninges, prostate, breast,
and blood cells) [11].

We previously published a meta-analysis of 14 studies
to show an inverse association between allergy symptoms
and HNC risk [meta-odds ratio (OR) 0.76, 95 % confi-
dence interval (CI) 0.63-0.91] [13], giving support to the
“prophylaxis hypothesis.” In contrast, two prospective
cohort studies showed that higher serum IgE levels were
associated with an increased risk of HNC [14]. In a study
with a cohort of 14,849 persons, Skaaby et al. [14]
reported that individuals who tested positive for serum-
specific IgE against inhalant allergens had a non-signifi-
cantly increased risk of HNC (OR 1.74, 95 % CI
0.98-3.09). In a cohort of 37,747 individuals, Helby et al.
[15] found that high levels of plasma total IgE was
associated with an increased risk of oral and pharyngeal
cancer (OR 1.38, 95 % CI 1.04—1.84), although statistical
significance was not reached after correcting for multiple
testing.

Given that the correlation between allergy symptoms
and IgE in the blood is not absolute, the discrepant results
for the association between allergy symptoms and HNC
risk versus IgE in the blood and HNC risk may not be
totally unexpected. Furthermore, if the “prophylaxis
hypothesis” is true, we hypothesized that allergy symptoms
rather than serum IgE are the key factors for the reduced
HNC risk. Elevated levels of IgE in the blood may indicate
exposure to environmental carcinogens. Both alcohol
drinking and cigarette smoking have been associated with
higher levels of serum total IgE [16—18]. Therefore, we
hypothesized that higher levels of serum total IgE, which
may indicate exposure to environmental carcinogens,
would be associated with an increased HNC risk. We fur-
ther hypothesized that the highest risk of HNC would be
found in individuals with elevated serum IgE and no his-
tory of allergy symptoms (i.e., individuals with asymp-
tomatic atopy), because these are individuals who are
likely to have been exposed to carcinogens but have a
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reduced ability to expel carcinogens out of the body. To
test our hypotheses, we analyzed data from a case—control
study of HNC to evaluate the association between allergy
symptoms or serum total IgE and HNC risk and the effect
modification of allergy symptoms on the association
between serum total IgE and HNC risk.

Materials and methods
Ethics statement

This study was approved by the institutional review boards
of the National Health Research Institutes and the National
Cheng Kung University Hospital. All study subjects signed
an informed consent.

Recruitment of study subjects

All subjects of the current study were recruited from the
Department of Otolaryngology and the Department of
Stomatology at the National Cheng Kung University
Hospital from 1 September 2010 to 30 March 30 2015. The
eligibility criteria for cases included: (1) diagnosis of
squamous cell carcinoma of the head and neck, including
oral cavity, oropharynx, hypopharynx, or larynx; (2) no
previous diagnosis of other cancers; and (3) age between
20 and 80 years old. The diagnosis of HNC case was
pathologically confirmed by the Department of Pathology
at the National Cheng Kung University Hospital. For
comparing the risk of HNC, sex- and age-matched
(£5 years) controls were recruited and their eligibility
criteria were: (1) subjects who received surgery for non-
cancerous conditions that are unrelated to alcohol drinking,
betel quid chewing, and cigarette smoking; (2) no previous
diagnosis of other cancers; and (3) age between 20 and
80 years old.

Data collection for allergy symptoms and lifestyle
factors

In-person interview was conducted by a trained interviewer
with each study participant to collect information on his-
tory of allergy symptoms, including allergic rhinitis, skin
allergy, food allergy, drug allergy, and asthma. Those with
a positive response were further asked about the age when
allergy symptoms first occurred. Demographic variables,
including sex, age, and educational level, and lifestyle
factors, including alcohol drinking, cigarette smoking, and
betel quid chewing, were collected to account for the
potential confounding effect of these variables on the
association between allergy symptoms or serum total IgE
and HNC risk.

Collection and processing of blood sample

Blood sample was collected from each participant in a red-
top Vacutainer blood collection tube, which was then
centrifuged to separate out the serum. All of the blood
samples were collected before treatment (surgery, radiation
therapy, or chemotherapy) of the HNC patients or before
the surgery of the controls, before the subjects received any
medications or intravenous fluid. All serum samples were
stored in Eppendorf tubes in the —80 °C refrigerator until
ready to use.

Measurement of serum total IgE

Serum total IgE was measured using Phadia ImmunoCAP
assay (Thermo Fisher Scientific, Waltham, MA, USA).
Total IgE was measured with antibodies against the heavy
chains (constant regions) of IgE. First, 40 uL of serum
sample was incubated with anti-IgE antibodies covalently
bound to solid phase to capture the IgE in the serum sample
of the patient. After washing, enzyme-labeled anti-IgE
antibodies were then added to bind to the patient serum IgE
solid phase anti-IgE complex. Unbound enzyme-labeled
anti-IgE antibodies were then washed away. Developing
agent was then added. After incubation, the developing
reaction was stopped and the fluorescence, which is pro-
portional to the concentration of total IgE in the patient’s
serum, was measured. The level of the serum total IgE was
categorized by standard cut points: normal (<25 kU/L),
borderline (25-100 kU/L), and elevated (>100 kU/L).

Statistical analysis

T tests (for continuous variables) and Chi-squared tests (for
categorical variables) were performed to compare the dis-
tributions of demographic variables and lifestyle factors
(alcohol drinking, betel quid chewing, and cigarette
smoking) between cases and controls.

Unconditional logistic regression was performed to
estimate the OR and 95 % CI for the association between
allergy symptoms or serum total IgE and HNC risk overall
or by each HNC site (oral cavity, oropharynx, hypophar-
ynx, and larynx), adjusted for age, sex, education, cigarette
smoking, betel quid chewing, and alcohol drinking.
Although adjustment for age, sex, and education did not
have much impact on the results (OR change <10 %), we
decided to keep these covariates in the statistical models
for completeness. Because serum total IgE is related to
both allergy and environmental carcinogens, we also
included allergy symptom as a covariate in the analysis on
the association between serum total IgE and HNC risk in
order to evaluate the effect of serum total IgE that is more
attributed to exposure to environmental carcinogens. To
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evaluate the potential reverse causality between allergy
symptoms and HNC risk, sensitivity analysis was per-
formed by censoring allergy symptoms at 5, 10, 15,
20 years before the reference date (date of HNC diagnosis
for the cases and date of interview for the controls).

Data from the control subjects were used to evaluate the
association between consumption of alcohol, betel quid, or
cigarette and the risk of having elevated serum total IgE,
using unconditional logistic regression, adjusted for age,
sex, and education. Adjustment was also made for allergy
symptom to focus on the level of serum total IgE that is
more due to alcohol drinking, betel quid chewing, or
cigarette smoking. Alcohol, betel quid, and cigarette were
first evaluated separately for their association with elevated
serum total IgE and then jointly for their combined effect
on the level of serum total IgE.

Two methods were used to evaluate the effect modifi-
cation of allergy symptoms on the association between
serum total IgE and HNC risk. In the first method, study
subjects were divided into six groups according to the
combination of serum total IgE level and allergy symptom
(yes/no). Association between these six groups and the
HNC risk was performed using unconditional logistic
regression, adjusted for age, sex, education, cigarette
smoking, betel quid chewing, and alcohol drinking. In the
second method, the association between serum total IgE
levels and HNC risk was evaluated stratified by allergy
symptom (yes/no).

Results

From 1 September 2010 to 30 March 2015, 609 HNC cases
and 745 controls agreed to join the study. The participation
rate was 77 and 86 % for the cases and controls, respec-
tively. Serum samples were unavailable for 33 cases and 5
controls, and thus, the final sample for this analysis included
576 HNC cases (375 oral cancers, 69 oropharyngeal can-
cers, 69 hypopharyngeal cancers, and 63 laryngeal cancers)
and 740 controls. The distribution of the clinical diagnoses
among controls is shown in Supplementary Table 1. No
significant difference in mean age was observed between
cases and controls (p = 0.20) (Table 1). Controls had more
years of education than cases, with 29 % of controls versus
10 % of cases having education beyond high school
(p < 0.0001). Compared to controls, cases consumed more
alcohol, betel quid, and cigarette (p < 0.0001).

Higher levels of serum total IgE were associated with
having allergy symptoms (Supplementary Table 2). Sixty-
five percent of control subjects with elevated serum total
IgE reported ever having allergy symptoms compared to
59 % of control subjects with borderline elevated serum
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Table 1 Demographic and lifestyle characteristics of the head and
neck cancer patients and control subjects

Characteristics Case Control P
N =576 N =740
n (%) n (%)

Age (years)

Mean (SE) 55.0 (0.4) 54.2(0.4) 0.20
Sex
Men 542 (94.1) 718 (97.0)  0.01
Women 34 (5.9) 22 (3.0)
Education
< Elementary school 169 (29.3) 124 (16.8) <0.0001
Junior high 171 (29.7) 138 (18.6)
High school/technical school 179 (31.1) 263 (35.5)
Some college or more 57 (9.9) 215 (29.1)
Alcohol drinking
Never + occasional 185 (32.1) 395 (53.4) <0.0001
Former regular 80 (13.9) 92 (12.4)
Current regular 311 (54.0) 253 (34.2)
Never 165 (28.7) 342 (46.2) <0.0001
1 drink or less per month 20 (3.5) 53 (7.2)
1-2 drinks per week 22 (3.8) 50 (6.8)
3-5 drinks per week 40 (6.9) 57 (1.7)
Daily drinkers 315 (54.7) 232 (31.3)
Unknown 14 (2.4) 6 (0.8)
Betel quid chewing
Never 175 (30.4) 532 (71.9) <0.0001
Former 217 (37.7) 132 (17.8)
Current 184 (31.9) 76 (10.3)
Never 175 (30.4) 532 (71.9) <0.0001
0.1-9.9 pack-years 80 (13.9) 70 (9.5)
10.0-19.9 pack-years 70 (12.2) 39 (5.3)
20.0-29.9 pack-years 56 (9.7) 30 (4.0)
30.0 or more pack-years 177 (30.7) 67 (9.0)
Unknown 18 (3.1) 2 (0.3)
Pack-years (SE) 25.9 (1.6) 8.0 (0.8) <0.0001
Cigarette smoking
Never 77 (13.4) 231 (31.2) <0.0001
Former 109 (18.9) 150 (20.3)
Current 389 (67.5) 358 (48.4)
Unknown 1(0.2) 1(0.1)
Never 77 (13.4) 231 (31.2) <0.0001
0.1-9.9 pack-years 27 4.7) 60 (8.1)
10.0-19.9 pack-years 58 (10.0) 95 (12.8)
20.0-29.9 pack-years 99 (17.2) 99 (13.4)
30.0 or more pack-years 307 (53.3) 250 (33.8)
Unknown 8 (1.4) 5(0.7)
Pack-years (SE) 35.7(1.2) 23.6(1.0) <0.0001

N number, SE standard error
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total IgE and 43 % of control subjects with normal serum o a g
total IgE. However, the correlation between the level of < 2 jr g‘
serum total IgE and allergy symptoms was not absolute. e E [g\i, g &
Thirty-five percent of the control subjects with elevated A % v 0 )
serum total IgE had never experienced any allergy symp- oo el %
toms while 43 % of the control subjects with normal serum @ a2 S
total IgE reported having allergy symptoms. % I @ 2ES g
Elevated serum total IgE was associated with a signifi- H = = >3 R =
cantly increased risk of HNC (OR 1.71, 95 % CI 5 a5 2
1.21-2.42) (Table 2). Elevated serum total IgE was also . "N: :fr fg
associated with an increased risk of the different sites of i - E 5
HNC but only oral cancer reached statistical significance @g_\ E % S g
and oropharyngeal cancer had the weakest positive % O ¢ =2 iy
association. e §
Having any allergy symptoms was associated with a % PN S
significantly reduced risk of HNC (OR 0.56, 95 % CI 53 ~ ; ; g i
0.43-0.73) (Table 3). This reduction in risk was seen m&! e g £
across all sites of HNC, although statistical significance = - g
was reached for oral cancer (OR 0.51, 95 % CI 0.38-0.69) = ;
and oropharyngeal cancer (OR 0.56, 95 % CI 0.33-0.97), © ; 2 g
but not for hypopharyngeal cancer (OR 0.56, 95 % CI iy g g 5 3
0.31-1.02) and laryngeal cancer (OR 0.76, 95 % CI LN uz:‘j 2 % g
0.43-1.33). Specific allergy symptoms associated with a o woe - 5
significantly reduced risk of HNC included nasal allergy g §
(OR 0.43, 95 % CI 0.32-0.58), skin allergy (OR 0.60, % E% _ gf gf § i
95 % CI 0.42-0.87), and asthma (OR 0.38, 95 % CI Z1E81E ccc -
0.21-0.70). Drug allergy was associated with a non-sig- z|o== SIS %
nificantly reduced risk of HNC (OR 0.72, 95 % CI g ) é"
0.46-1.14), while food allergy was not associated with = < E E T
HNC risk (OR 0.95, 95 % CI 0.60-1.50). The results of the z 0 g % z 2
sensitivity analysis showed that censoring allergy symp- 5 A % 0 Fg,
toms at 5, 10, 15, and 20 years before the reference date § oo M= = g
did not affect the inverse association between allergy = 0 %
symptoms and HNC risk (Supplementary Table 3). E "l? o &
Cigarette smoking was associated with elevated serum g =z IR g
total IgE levels, particularly for current smokers (elevated % 3 *E g = 2 i’ gn g
vs. normal serum total IgE: OR 1.92, 95 % CI 1.19-3.10) g S8 = =22 ; &
and those who had smoked 20 pack-years or more (ele- 4 e a E=
vated vs. normal serum total IgE: OR 1.82, 95 % CI ',‘g :| :I‘ ':§ %‘3
1.12-2.96). Betel quid chewing was also associated with s i 2 % ‘% § =
elevated serum total IgE levels, although not statistically (S 5 S = P oE
significant. Current alcohol drinking was associated with Z; 85 RN = % =
significantly elevated serum total IgE levels (elevated vs. = ey e 55|83 %
normal serum total IgE: OR 1.62, 95 % CI 1.04-2.53). g E § 5 A ~ S 5 g 7;3 g g
When we combined alcohol, betel quid, and cigarette, we sl== g1 T ag|s 3 f/b
found that those who used all three showed the strongest 2 cEe== - E ; £
association with elevated serum total IgE levels (elevated 2lzg Jes g 2 -_g
vs. normal serum total IgE: OR 2.65, 95 % CI 1.38-5.07; § é T S 3 ;v* S E @) 3
elevated vs. borderline serum total IgE: OR 2.18, 95 % CI § Sz = 2RI § ® 3
1.25-3.80) (Table 4). . o |9 25
Compared to subjects with normal serum total IgE and = B, E % é 2 578
no allergy symptoms, those with elevated serum total IgE = § 7; % § s § noﬂ %b
and no allergy symptoms had a significantly increased S13 A R P
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Table 4 Association between serum total IgE and consumption of cigarette, betel quid, and alcohol among controls

Normal serum Borderline

Elevated serum OR (95 % CI)*

OR (95 % CI)*

total IgE serum total IgE  total IgE elevated versus normal  elevated versus borderline
N =193 N = 300 N = 247 serum total IgE serum total IgE
Cigarette smoking
Never 78 (40.6) 93 (31.0) 60 (24.3) Referent Referent
Former 33 (17.2) 68 (22.7) 49 (19.8) 1.46 (0.81-2.64) 1.08 (0.66-1.79)
Current 81 (42.2) 139 (46.3) 138 (55.9) 1.92 (1.19-3.10) 1.50 (0.99-2.30)
Never 78 (40.4) 93 (31.0) 60 (24.3) Referent Referent
0.1-19.9 pack-years 37 (19.2) 64 (21.3) 54 (21.9) 1.65 (0.92-2.96) 1.32 (0.80-2.19)
20.0 or more pack-years 76 (39.4) 143 (47.7) 130 (52.6) 1.82 (1.12-2.96) 1.34 (0.88-2.05)
Unknown 2 (1.0) 0 (0.0 3.2 - -
Test for trend 0.02 0.19
Betel quid chewing
Never 148 (76.7) 223 (74.3) 161 (65.2) Referent Referent
Former 29 (15.0) 50 (16.7) 53 (21.4) 1.42 (0.83-2.43) 1.49 (0.94-2.35)
Current 16 (8.3) 27 (9.0) 33 (13.4) 1.69 (0.84-3.39) 1.65 (0.93-2.93)
Never 148 (76.7) 223 (74.3) 161 (65.2) Referent Referent
0.1-19.9 pack-years 27 (14.0) 39 (13.3) 43 (17.4) 1.34 (0.76-2.37) 1.53 (0.94-2.51)
20.0 or more pack-years 18 (9.3) 38 (12.7) 41 (16.6) 1.66 (0.88-3.16) 1.48 (0.88-2.47)
Unknown 0 (0.0 0 (0.0 2 (0.8) - -
Test for trend 0.09 0.07
Alcohol drinking
Never + occasional 114 (59.1) 163 (54.3) 118 (47.8) Referent Referent
Former 20 (10.3) 38 (12.7) 34 (13.8) 1.70 (0.89-3.25) 1.12 (0.66-1.91)
Current 59 (30.6) 99 (33.0) 95 (38.4) 1.62 (1.04-2.53) 1.30 (0.89-1.89)
Never 95 (49.2) 145 (48.3) 102 (41.3) Referent Referent
2 drinks or less per week 28 (14.5) 35 (11.7) 40 (16.2) 1.74 (0.94-3.21) 1.63 (0.96-2.76)
3 drinks or more per week 70 (36.3) 118 (39.3) 101 (40.9) 1.49 (0.96-2.33) 1.16 (0.80-1.69)
Unknown 0 (0.0 2 (0.7) 4 (1.6) - -
Test for trend 0.08 0.41
Combinations of smoking, betel
quid and cigarette
No use 60 (31.2) 74 (24.7) 46 (18.6) Referent Referent
Smoking only 36 (18.7) 62 (20.7) 49 (19.8) 1.46 (0.79-2.71) 1.30 (0.76-2.23)
Smoking + betel quid or 51 (26.6) 98 (32.7) 75 (30.4) 1.62 (0.91-2.87) 1.13 (0.69-1.84)
smoking + alcohol
Smoking + alcohol + cigarette 27 (14.1) 47 (15.7) 63 (25.5) 2.65 (1.38-5.07) 2.18 (1.25-3.80)
Other combinations 18 (9.4) 19 (6.2) 14 (5.7) 1.03 (0.44-2.43) 1.11 (0.50-2.44)

N number, CI confidence interval, OR odds ratio

% OR and 95 % CI were calculated using unconditional logistic regression, adjusted for age, sex, education, and allergy symptom

HNC risk (OR 2.12, 95 % CI 1.33-3.35) and this increased
risk was seen in all sites of HNC, except for oropharyngeal
cancer (OR 1.13, 95 % CI 0.44-2.91) (Table 5). In con-
trast, those with elevated serum total IgE and allergy
symptoms showed no statistically significant difference in
the risk of HNC compared to subjects with normal serum
total IgE and no allergy symptoms (OR 1.01, 95 % CI

0.64-1.57). This indicates that allergy symptoms may
mitigate the increased HNC risk associated with elevated
serum total IgE. Another way to support this statement is to
examine the association between serum total IgE and HNC
risk stratified by allergy symptom (Table 6). Compared to
normal serum total IgE, elevated total serum IgE was
associated with an increased HNC risk among individuals
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Table 5 Association between the combination of serum total IgE and allergy symptom and risk of head and neck cancer overall and by sites
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OR (95 % CI)*

Larynx

n (%)

Hypopharynx OR (95 % CI)*
n (%)

OR

Oropharynx
n (%)

OR

Oral

All head and OR

Control

symptom 1 (%)

Serum total IgE  Allergy

95 % CI*

(95 % CI)*

cavity
n (%)

95 % CI)*

neck cancer
n (%)

0.58-5.99)
0.95-8.78)
0.31-5.22)
0.53-4.98)
0.45-4.57)

- o o o =

1.84 (0.60-5.63)
3.82 (1.32-11.04)
2.03 (0.55-7.54)
0.92 (0.30-2.85)

1.31 (0.41-4.17)

Referent

7 (10.1)
12 (17.4)
24 (34.8)
6 (8.7)
10 (14.5)
10 (14.5)

0.50-2.73)
0.44-2.91)
0.28-2.31)
0.09-0.80)
0.40-2.26)

N 2 =~

Referent
1.17
1.13

N

~ o~ N A~ ~

1.65 (0.99-2.76
1.91 (1.12-3.26
0.65 (0.33-1.26
0.71 (0.42-1.22
0.90 (0.54-1.52

Referent

48 (12.9)
91 (24.4)
85 (22.8)
23 (6.2)

53 (14.2)
73 (19.5)

1.01-2.46)
1.33-3.35)
0.50-1.50)

0.47-1.16)
0.64—1.57)

oD

Referent
1.57
2.12
0.86
0.74
1.01

130 (22.7)
138 (24.1)
110 (19.2)

~ A A A~ o~

| S A >

107
121
174
161

No
[
Yes
Yes
Yes

No
N

Normal
Borderline
Elevated
Borderline
Elevated

Normal

N number, CI confidence interval, OR odds ratio

% OR and 95 % CI were calculated using unconditional logistic regression, adjusted for, age, sex, education, cigarette smoking (pack-year categories), betel quid chewing (pack-year

categories), and alcohol drinking (frequency)

with no allergy symptom (OR 2.12, 95 % CI 1.33-3.39)
but not among individuals with allergy symptom (OR 1.23,
95 % CI 0.72-2.11).

Discussion

In the current analysis, we observed an increased HNC risk
associated with elevated serum total IgE levels, while
having allergy symptoms was associated with a reduced
HNC risk. Cigarette smoking was associated with elevated
levels of serum total IgE, and when combined with alcohol
drinking and betel quid chewing, the association with
elevated levels of serum total IgE became stronger. The
highest HNC risk was observed among individuals with an
elevated level of serum total IgE but had no history of
allergy symptoms. Among those with history of allergy
symptoms, elevated levels of serum total IgE was not
associated with HNC risk.

Consistent with previous studies, our study observed a
reduced HNC associated with allergy symptoms [13]. A
meta-analysis by Hsiao et al. [13] reported an inverse
association between allergy symptoms and HNC risk
(meta-OR 0.76, 95 % CI 0.63-0.91). Although upon fur-
ther evaluation, the inverse association appeared stronger
for case—control studies (meta-OR 0.58, 95 % CI
0.44-0.78) than for cohort studies (meta-OR 0.91, 95 % CI
0.71-1.17) [13]. This suggested the possibility of reverse
causality with the carcinogenic process of HNC possibly
affecting the development of allergy symptoms. However,
the statistically significant inverse association between
allergy symptoms and HNC risk still remained when we
limited the allergy symptoms to those that occurred
20 years before the reference date, minimizing the possi-
bility of reverse causality. Although cohort studies do not
suffer from reverse causality, because cancer is a rare
disease with a long latency period, the number of indi-
viduals developing HNC during the follow-up period may
be too small to achieve sufficient statistical power and
generate precise effect estimates [19].

Our analysis showed a positive association between
elevated levels of serum total IgE and HNC risk. Since the
levels of IgE were measured at the time of diagnosis in our
study, the result could have been affected by reverse
causality; however, results from two cohort studies also
reported an increased HNC risk associated with higher
blood IgE levels [14]. Using data from a cohort of 14,849
persons, Skaaby et al. [14] showed that individuals who
tested positive for serum-specific IgE against inhalant
allergens had a non-significantly increased risk of HNC
(OR 1.74, 95 % CI 0.98-3.09). Helby et al. [15] found that
high levels of plasma total IgE were associated an
increased risk of oral and pharyngeal cancer (OR 1.38,
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95 % CI 1.04-1.84) among a cohort of 37,747 individuals,
although after correcting for multiple testing the result was
no longer statistically significant. Because only three
studies to date have examined the association between
blood IgE and HNC risk, more investigations are needed to
confirm the positive association between blood IgE and
HNC.

An elevated serum total IgE level may indicate exposure
to environmental carcinogens. In the current study, cigar-
ette smoking was associated with elevated levels of serum
total IgE. In addition, the highest prevalence of elevated
serum total IgE was found among individuals who con-
sumed cigarette, alcohol, and betel quid. Previous studies
also supported a positive association between elevated
levels of serum IgE and cigarette smoking or alcohol
drinking. In a longitudinal study of about 3,000 subjects
and a follow-up time up to 20 years, Sherrill et al. [18]
reported that cigarette smoking was associated with ele-
vated serum total IgE levels. A review by Gonzalez-
Quintela et al. [16] stated that the positive association
between alcohol and elevated levels of serum total IgE is
supported by: (1) the strength of the association; (2) con-
sistent results from studies with different populations under
different settings; (3) the presence of dose—response; and
(4) the decrease in IgE levels after alcohol abstinence.
Besides cigarette smoking and alcohol drinking, other
environmental carcinogens may also raise the level of
serum IgE. Emara et al. [20] reported that compared to
healthy controls, dry cleaners exposed to tetra-
chloroethylene [classified by the International Agency for
Research on Cancer as a group 2A agents (probably car-
cinogenic to humans)] had higher levels of serum IgE.

Our analysis showed that the highest HNC risk occurred
among asymptomatic atopic individuals, which were those
with an elevated level of serum total IgE but no history of
allergy symptoms. This result is consistent with the “pro-
phylaxis hypothesis” which hypothesized that allergic
reaction is the body’s way of expelling carcinogens to
reduce the risk of cancer, particularly for cancers occurring
in body sites that interface the outside environment, such as
HNC [11, 12]. As previously stated, elevated IgE levels
may be a marker for exposure to environmental carcino-
gens. The incapability of asymptomatic atopic individuals
to expel carcinogens through allergic reaction may increase
the risk of HNC. Our results further supported the “pro-
phylaxis hypothesis” by showing that elevated serum total
IgE levels were not associated with an increased HNC risk
in the presence of allergy symptoms, suggesting that
allergic reaction is able to ameliorate the increased HNC
risk associated with higher serum total IgE levels (a proxy
for possible exposure to environmental carcinogens).

The biological mechanisms to explain the higher HNC
risk among asymptomatic atopic individuals are unclear,

but it is possible that the immune activities of asymp-
tomatic atopic individuals may differ from symptomatic
atopic or non-atopic individuals. A study by von Bubnoff
et al. [21] showed that asymptomatic atopic individuals had
higher indoleamine 2,3-dioxygenase (IDO) activity and
increased IL-10 levels during seasonal allergen exposure
compared to symptomatic atopic individuals with allergic
rhinitis and non-atopic individuals. Both IDO and IL-10
have been shown to down-regulate immune function. IDO
catabolizes tryptophan resulting in the inhibition of T cells
[22]. IL-10 is an immunosuppressive cytokine produced by
regulatory T cells and is involved in immune tolerance to
allergens [23]. The down-regulated immune function in
asymptomatic atopic individuals may contribute to their
increased HNC risk; however, this needs to be confirmed
by further investigations.

When we examined the association between HNC risk
and serum total IgE or the combination of serum total IgE
and allergy symptoms by HNC sites, we found similar
results for all sites except for oropharyngeal cancer, which
showed a non-significantly weak positive association with
elevated serum total IgE. In addition, the risk of oropha-
ryngeal cancer was not elevated among those with elevated
serum total IgE and no allergy symptoms (asymptomatic
atopic individuals). Among all the HNCs, oropharyngeal
cancer has the strongest association with HPV and HPV-
positive HNCs are molecularly and clinically different
from HPV-negative HNCs [24]. This may explain partly
why the results of oropharyngeal cancer were different
from those of other HNC sites. Unfortunately, due to the
unavailability of the tissue samples, we could not evaluate
the status of HPV infection for the HNC cases. More
investigations with direct testing of HPV status would be
needed to confirm our observation.

Table 6 Association between serum total IgE level and risk of head
and neck cancer by allergy symptom

Serum total IgE Case Control OR (95 % CI)*
n (%) n (%)

Allergy symptom, no
Normal 73 (21.4) 107 (34.1) Referent
Borderline 130 (38.1) 121 (38.5) 1.58 (1.01-2.48)
Elevated 138 (40.5) 86 (27.4) 2.12 (1.33-3.39)

Allergy symptom, yes
Normal 41 (17.7) 80 (19.3) Referent
Borderline 81 (349) 174 (41.9) 0.90 (0.52-1.55)
Elevated 110 (47.4) 161 (38.8) 1.23 (0.72-2.11)

N number, CI confidence interval, OR odds ratio

* OR and 95 % CI were calculated using unconditional logistic
regression, adjusted for, age, sex, education, cigarette smoking (pack-
year categories), betel quid chewing (pack-year categories), and
alcohol drinking (frequency)
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This study has several limitations. Because data on
allergy symptoms were collected retrospectively, recall
bias and error could have affected the results of the study.
Often, in a case—control study, case subjects may be more
likely to ruminate about the possible factors for their
development of cancer than control subjects, resulting in an
overestimated positive association between the exposure of
interest and disease; however, this is not the situation in our
study because allergy symptoms were inversely associated
with HNC risk. In addition, the general public is mostly
unaware of the inverse association between allergy and
cancer, making recall bias of allergy history less likely.
Recall error could be an issue. It is possible that the study
participants could have mistaken non-allergic symptoms
for allergy symptoms and over-reported the allergy symp-
toms. Among our controls, nasal allergy (also known as
allergic rhinitis) was the most frequently reported allergy
symptom at 41 %. Using data from 2000 to 2007 recorded
by the National Health Insurance Research Database of
Taiwan, Hwang et al. [25] reported that the 8-year preva-
lence of allergic rhinitis in Taiwan was 26.3 % overall and
37.8 % for those younger than 20 years old. This study
reported the 8-year prevalence, whereas our study asked
the study participants about the lifetime history of allergy
symptoms. In addition, Hwang et al. only reported allergies
recorded by hospital visits and might not have captured
those who did not visit doctors due to minor symptoms. All
together, we feel that the allergy symptoms were unlikely
to be over-reported by our study participants. In addition,
any over- or under-reporting of allergy symptom was more
likely to be non-differential, biasing the association toward
the null and underestimating the inverse association
between allergy symptoms and HNC risk. Furthermore, we
performed sensitivity analysis assigning those with = 2
allergy symptoms as having allergy to reduce misclassifi-
cation, and the results were similar (Supplementary
Tables 4 and 5). Another limitation is that association
between allergy symptoms and cancer appears to be site-
specific [10]; therefore, the results of the current study may
not be generalizable to cancers occurring in other body
sites.

The major strength of the current study is that it is the
first to evaluate the association between the combinations
of allergy symptoms and serum IgE and HNC risk. By
combining allergy symptoms and serum IgE, we were able
to generate additional evidence to support the “prophylaxis
hypothesis” to explain the inverse association between
allergy and HNC cancer. Because our study is the only one
to date to combine allergy symptoms and serum IgE to
assess HNC risk, more studies are needed to confirm our
results.

In summary, our study showed that elevated serum total
IgE levels were associated with an increased HNC risk

@ Springer

while a reduced HNC risk was observed among individuals
with allergy symptoms. The highest HNC risk was
observed among individuals with an elevated level of
serum total IgE without allergy symptoms. Further inves-
tigations regarding the immune profiles of asymptomatic
atopic individuals may provide additional clues for the
biological mechanisms underlying the association between
allergy symptoms, IgE, and HNC risk.
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