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Background	 Previous nested case–control studies suggest that a prediagnostic biomarker of allergy, IgE, is inversely associ-
ated with the risk of glioma, but these findings are inconsistent. The purpose of our study was to assess this 
association and determine how long before glioma diagnosis it may be observed.	

	 Methods	 We conducted a nested case–control study using serum specimens from the Janus Serum Bank cohort in Norway. 
Blood donors who were subsequently diagnosed with glioma (n = 594 case subjects), between January 1, 1974 
to December 31, 2007, were matched with subjects without glioma (n = 1177 control subjects) for date of blood 
collection, 2-year age interval at blood collection, and sex. Respiratory allergen-specific and total IgE levels in the 
serum were measured using fluorescent assays. Odds ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated using conditional logistic regression models stratified on sex and glioblastoma, the most common glioma 
subtype. Data were stratified on time from blood collection to tumor diagnosis to assess how long before glioma 
diagnosis the association could be observed.	

	 Results	 Among women, testing positive for allergen-specific IgE (>0.35 kUA/L) was associated with decreased risk of 
glioblastoma compared with testing negative (≤0.35 kUA/L; OR = 0.46, 95% CI = 0.23 to 0.93). Among both sexes 
combined, testing positive for total IgE (>100 kU/L) was associated with decreased risk of glioma compared with 
testing negative (≤100 kU/L; OR = 0.75, 95% CI = 0.56 to 0.99), and simultaneously testing positive for allergen-
specific IgE and total IgE was associated with a borderline statistically significantly decreased risk of glioblastoma 
and glioma compared with simultaneously testing negative for these types of IgE. Testing positive for total IgE 
at least 20 years before diagnosis was associated with decreased risk of glioma compared with testing negative 
(OR = 0.54, 95% CI = 0.30 to 0.99).	

	 Conclusion	 An inverse association between IgE levels and risk of glioma was detected; the association was present at least 
20 years before tumor diagnosis.

		  J Natl Cancer Inst 2012;104:1251–1259

Allergy consists of a group of heterogeneous diseases with 
different underlying mechanisms. However, common allergies 
including eczema, hay fever, and allergic asthma, characterized by 
immediate hypersensitivity reactions, are mediated by IgE, which 
is produced and regulated by the B cells as well as T helper type 
2 (Th2) and type 17 (Th17) cells (1–3). Allergic symptoms result 
from cross-linking of IgE to an allergen on the surface of mast 
cells, leading to the release of granules including histamine and 
other inflammatory substances. Two broad classes of IgE participate 
in the allergic response, allergen-specific IgE, which recognizes 
specific components of an allergen, and total IgE, which recognizes 
these components and, in addition, includes antibodies of unknown 
specificity and function (4). Levels of allergen-specific IgE are used, 
together with allergic symptoms, to diagnose allergies. However, 
there are allergies, such as contact allergies, that do not involve IgE 

(5), and conversely, elevated levels of either allergen-specific or total 
IgE are not necessarily associated with allergic symptoms (6,7).

Many observational studies have been conducted to determine 
whether having a history of allergy is associated with a reduced 
risk of cancer (8,9). Findings from most of these studies are con-
flicting, with varying results both within and among cancer sites. 
In contrast, the inverse association between self-reported allergy 
and glioma has been consistently observed in case–control stud-
ies (10–12). In addition, there are two recent nested case–control 
studies (13,14), in which prediagnostic IgE concentration was used 
as a biomarker of allergy. In the first study, Schlehofer et al. (13) 
found an association between those testing positive for respiratory 
allergen-specific IgE (>0.35 kUA/L) and decreased risk of glioma 
compared with those testing negative (≤0.35 kUA/L) (odds ratio 
[OR]  =  0.73, 95% confidence interval [CI]  =  0.51 to 1.06). In 
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contrast, Calboli et al. (14) found no association between prediag-
nostic respiratory allergen-specific IgE levels and risk of glioma. 
However, they reported an association between borderline elevated 
total IgE levels (25–100 kU/L) and decreased risk of glioma com-
pared with normal levels (<25 kU/L; OR = 0.63, 95% CI = 0.42 to 
0.93), but observed no association with elevated IgE levels (>100 
kU/L) compared with normal levels (14).

Glioma consists of morphologically heterogeneous tumors 
reflecting germline genetic variation and possibly differences in 
etiology (15), and the most common glioma subtype is glioblas-
toma. Schlehofer et al. (13) found that the association between test-
ing positive for respiratory allergen-specific IgE and high-grade 
(grade 3 [anaplastic astrocytoma] and grade 4 [glioblastoma]) gli-
oma (a category that consists of both anaplastic astrocytoma and 
glioblastoma) was stronger than the association between testing 
positive for allergen-specific IgE and all grades of glioma com-
bined. Although Calboli et  al. (14) reported that stratifying on 
glioblastoma did not substantially alter their results, their sample 
was small (n = 103 glioblastoma case subjects), making this finding 
difficult to interpret.

In this study, we aimed to further determine the degree to which 
respiratory allergen-specific or total IgE levels are associated with 
the risk of glioma or glioblastoma. We conducted a nested case–
control study using prospectively collected stored serum samples 
from the Janus Serum Bank (Oslo, Norway).

Methods
Study Population
In 1972, the Norwegian Cancer Society, a voluntary nonprofit 
organization, established the Janus Serum Bank to conduct epide-
miological studies of cancer (16–18). This biobank is now owned 
by the Cancer Registry of Norway and presently contains serum 
samples from approximately 167 000 men and 158 000 women. Age 
at entry was between 20 and 49 years, with most subjects enrolled 
between 35 and 49 years. Approximately 10% of the samples come 
from male and female Red Cross Blood Bank donors, who were 
between 20 and 65 years old at the time of blood donation. Blood 
samples were obtained from nonfasting participants, serum was 
separated following standard methods, and all samples were stored 
at −25°C. The samples went through one thaw–freeze cycle for 
preparation of aliquots for the present study.

During the Bank’s first years, participants gave consent for their 
samples to be used for cancer research (19). Since 1972, Norwegian 
law regarding informed consent has changed, and samples collected 
after 1996 are based on the new law. However, the Norwegian Data 
Inspectorate has approved the use of data and biological samples 
collected during the period 1972–2004. Serum donors have also 
been informed that they may unconditionally withdraw their 
consent at any time. Should they wish to do so, their serum sam-
ples would be destroyed and their descriptive data deleted. The 
Regional Ethics Committee of Southern Norway and the Data 
Inspectorate of Norway approved our research plan.

Using unique personal identification numbers, participants in 
the Janus Serum Bank project can be linked to the Cancer Registry 
of Norway where virtually all newly diagnosed cancers among 
Norwegian residents have been recorded since 1953. Registration 

is based on compulsory reporting by hospital departments and 
histopathological laboratories and covers the entire Norwegian 
population (18). We initially identified 624 blood donors who were 
subsequently diagnosed with glioma (International Classification 
of Disease, Oncology, Third Edition [ICD-O-3] morphology 
codes 9380–9411, 9420–9480, and 9505) between January 1, 1974 
and December 31, 2007. However, we subsequently excluded 11 
case subjects diagnosed with medulloblastoma or primitive neu-
roectodermal tumor (ICD-O-3 codes 9470–9474) and pilocytic 
astrocytoma (ICD-O-3 code 9421) because of the small number 
of case subjects together with differences in age distributions for 
these tumors (20) compared with those of the glioma case subjects. 
Of the remaining 613 case subjects, 17 were excluded because their 
IgE levels were not ascertained. Data from two more case subjects 
were excluded because their allergen-specific or total IgE levels 
were outside the World Health Organization standard test range 
(allergen-specific IgE > 100 kUA/L, total IgE > 2000 kU/L) (21), 
leaving 594 glioma case subjects, 374 of whom had been diagnosed 
with glioblastoma (ICD-O-3 code 944039).

When available, two control subjects for each case subject 
were randomly selected according to an incidence density sam-
pling scheme among blood donors. Control subjects were indi-
vidually matched to case subjects on 2-year age interval, sex, and 
date of blood collection. These matched control subjects were also 
required to be alive and free from any cancer except non–mela-
noma skin cancer on the date of glioma diagnosis of the case sub-
ject. Furthermore, to save valuable serum for use in subsequent 
biobank studies, potential control subjects diagnosed with rare 
tumors (ie, all tumors other than breast, prostate, and colorectal) 
after the case subject’s date of glioma diagnosis were excluded 
from the study. Of the 1254 control subjects identified, serum IgE 
levels were successfully measured in 1217 subjects. Three control 
subjects were then excluded because their allergen-specific IgE or 
the total IgE levels were outside the World Health Organization 
standard test range (allergen-specific IgE > 100 kUA/L, total IgE 
> 2000 kU/L) (21). Finally, matched case–control sets with a miss-
ing case subject or no control subjects because of exclusions listed 
above were removed from the dataset. After all exclusions, 1177 
control subjects matched with 594 glioma case subjects remained 
in the dataset. Glioblastoma represented the majority of tumors 
(63%) in the present sample. We therefore analyzed matched sets 
with case subjects diagnosed with glioblastoma (n = 374 glioblas-
toma case subjects, n  =  740 control subjects) separately from all 
glioma combined (n = 594 case subjects, n = 1177 control subjects).

Measurement of Allergen-Specific and Total IgE
We sent 200  µL of serum from each biobank sample (one sam-
ple per subject) to the Immunology and Transfusion Medicine 
Laboratory (Ulleval University Hospital, Oslo, Norway) for analy-
sis of IgE levels. Laboratory personnel were unaware of the case–
control status of these samples.

Allergen-specific IgE antibodies were measured using a stand-
ard clinical instrument designed for this purpose (ImmunoCAP 
1000, Phadia AB, Uppsala, Sweden). We quantified responses to 
the nine most prevalent respiratory allergens in Norway (common 
house dust mites [d1 and d2]; silver birch tree pollen [t3]; timothy 
grass pollen [g6]; mugwort weed pollen [w6]; cat epithelium and 
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dander [e1]; dog dander [e5]; horse dander [e3]; and Cladosporium 
herbarum mold [m2]) and two additional allergens common in 
other countries (olive tree pollen [t9] and wall pellitory [w19]) (see 
(22) for description of allergen nomenclature) to see if they evoked 
a positive response to the test (>0.35 KUA/L) (13,14). This test has 
a sensitivity of 93% and a specificity of 89% (22). Total IgE lev-
els were also measured using the same instrument (ImmunoCAP 
1000), and levels greater than 100 kU/L were considered posi-
tive (13,14). To evaluate possible dose–response associations and 
allow comparison with previous work, we used the same dose (ie, 
level) categories for allergen-specific IgE as those of Schlehofer 
et al. (13): negative (≤0.35 kUA/L), borderline positive (>0.35–0.70 
KUA/L), weak positive (≥0.70–3.5 KUA/L), strong positive (≥3.5–
17.5 kUA/L), and very strong positive (≥17.5 kUA/L). However, we 
merged the two highest categories, strong positive and very strong 
positive, to avoid strata containing sparse data. Thus, our highest 
category was strong positive (≥3.5 kUA/L). Doses of total IgE were 
those used in the Calboli et al. study (14): normal (<25 kU/L), bor-
derline elevated (25–100 kU/L), and elevated (ie, positive; >100 
kU/L).

Statistical Analysis
We used conditional logistic regression to estimate the association 
between respiratory allergen-specific and total IgE and the risk 
of glioma. For comparison with previous literature (13,14), both 
allergen-specific and total IgE were represented as categorical 
variables using cut points described above. The odds ratios and 
95% confidence intervals for allergen-specific and total IgE 
were stratified on sex and the most common glioma subtype, 
glioblastoma. The rationale for glioblastoma stratification has been 
described earlier. To represent joint associations of sex and IgE, 
and allergen-specific and total IgE, on the risk of glioblastoma and 
glioma, we included cross-product terms in our regression models 
(23). We then used the Wald χ2 statistic to test equality of the 
cross-product term regression coefficients to zero. To determine 
whether the association between IgE levels and risk of glioma 
varied by time between blood collection and tumor diagnosis, we 
divided this time variable into overlapping intervals. The category 
closest to time of diagnosis was at least 2 years before diagnosis, 
which we selected to allow comparison with a previous study 
(13), and subsequent intervals were 2-year periods based on the 
criterion that each interval had to contain at least five case subjects 
(at least 2 years, at least 5 years, at least 10 years, at least 15 years, 
at least 20  years, and at least 25  years). The interval of longest 
duration between blood collection and diagnosis was at least 
25  years. Statistical tests were two-sided, and P values less than 
.05 were considered to be statistically significant. All analyses were 
performed using SAS statistical software, version 9.2 (SAS Institute 
Inc, Cary, NC).

Results
Characteristics of Study Subjects
Glioblastoma case subjects (n  =  374) and their matched control 
subjects (n  =  740) and glioma case subjects (n  =  594) and their 
matched control subjects (n  =  1177) were evenly balanced with 
respect to age at blood collection, date of blood collection, 

and birth date (Table  1). For example, considering both sexes 
combined, glioblastoma case subjects and control subjects had the 
same median age (42 years) at blood collection, with overlapping 
interquartile ranges (40–44  years for glioblastoma case subjects 
and 40–43 years for glioblastoma control subjects). Median ages at 
blood collection for glioma case subjects and control subjects were 
identical (median age = 41 years, interquartile range = 40–43 years).

Associations Between Allergen-Specific IgE Levels and 
Glioma or Glioblastoma
We assessed the associations between prediagnostic allergen-specific 
IgE and risk of glioblastoma and glioma stratified by sex and for both 
sexes combined (Table  2). We found that among women, testing 
positive for elevated concentrations of allergen-specific IgE (>0.35 
kUA/L) was associated with a statistically significantly decreased 
risk of glioblastoma compared with testing negative (≤0.35 kUA/L; 
OR = 0.46, 95% CI = 0.23 to 0.93). There was no similar association 
among men (>0.35 kUA/L vs ≤0.35 kUA/L, OR = 1.02, 95% CI = 0.72 
to 1.44). When data for men and women were combined, there was 
a nonstatistically significant decreased risk of glioblastoma among 
subjects testing positive for allergen-specific IgE compared with 
subjects testing negative (>0.35 kUA/L vs ≤0.35 kUA/L, OR = 0.85, 
95% CI  =  0.62 to 1.16). For glioma, although the estimated odds 
ratios were different among men and women, neither association 
was statistically significant. To determine whether sampling variation 
accounted for the differences in associations between each of the two 
sexes and allergen-specific IgE for each tumor type, we tested the 
cross-product terms between sex and allergen-specific IgE for both 
tumor types. We found that associations between allergen-specific 
IgE and glioblastoma or glioma differed between men and women. 
However, both cross-product terms testing sex-specific differences 
among glioblastoma and glioma subjects were each only of borderline 
statistical significance (glioblastoma: Wald χ2 = 3.94, P = .05; glioma: 
Wald χ2 = 3.39, P = .07). An assessment based on refined dose catego-
ries, negative (≤0.35 kUA/L), borderline positive (>0.35–0.70 kUA/L), 
weak positive (≥ 0.70–3.5 kUA/L), and strong positive (≥3.5 kUA/L), 
for both sexes combined produced no further evidence for associa-
tions between allergen-specific IgE and glioblastoma or glioma.

Associations Between Total IgE Levels and Glioma or 
Glioblastoma
Next, we assessed the associations between prediagnostic total IgE 
and risk of glioblastoma and glioma stratified by sex and for both 
sexes combined (Table 3). In contrast to associations with allergen-
specific IgE (Table 2), sex did not modify the association between 
total IgE and glioblastoma (Wald χ2 = 1.13, P = .29) nor did it mod-
ify that with glioma (Wald χ2 = 0.60, P = .44). We found that for 
both sexes combined, testing positive for elevated concentrations of 
total IgE (>100 kU/L) was associated with a borderline statistically 
significantly decreased risk of glioblastoma compared with testing 
negative (≤100 kU/L; OR = 0.74, 95% CI = 0.52 to 1.05). We also 
observed that for both sexes combined, testing positive for elevated 
concentrations of total IgE was statistically significantly associated 
with decreased risk of glioma compared with testing negative (>100 
kU/L vs ≤100 kU/L, OR = 0.75, 95% CI = 0.56 to 0.99). There were 
no statistically significant sex-specific differences although associa-
tions for women were of borderline statistical significance (>100 
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kU/L vs ≤100 kU/L: glioblastoma, OR = 0.52, 95% CI = 0.24 to 
1.11; glioma, OR = 0.62, 95% CI = 0.36 to 1.08). An assessment 
based on refined dose categories: normal (<25 kU/L), borderline 
(25–100 kU/L), and positive (>100 kU/L), for both sexes com-
bined, merely reflected the association between testing positive vs 
negative for total IgE and thus provided no additional evidence 
for a dose–response relation between serum IgE concentration and 
risk of glioblastoma or glioma.

Time Between Blood Collection and Glioma or 
Glioblastoma Diagnosis
To determine whether the association between elevated total IgE 
and risk of these tumors varied with proximity to diagnosis, we 
stratified the analyses by overlapping periods between blood col-
lection and tumor diagnosis (Table 4). Each time category included 
all subsequent but not previous periods. We found that testing posi-
tive for elevated levels of total IgE (>100 kU/L) was associated with 

Table 3.  Association between prediagnostic total IgE levels and risk of glioblastoma and glioma*

Glioblastoma Glioma

Total IgE level†
Case subjects 

(n=374)
Control subjects 

(n=740) OR (95% CI)
Case subjects 

(n=594)
Control subjects 

(n=1177) OR (95% CI)

Women
  Negative (≤100 kU/L) 100 183 1.00 (referent) 179 335 1.00 (referent)
  Positive (>100 kU/L) 9 33 0.52 (0.24 to 1.11) 18 56 0.62 (0.36 to 1.08)
Men
  Negative (≤100 kU/L) 224 429 1.00 (referent) 338 644 1.00 (referent)
  Positive (>100 kU/L) 41 95 0.82 (0.55 to 1.23) 59 142 0.80 (0.58 to 1.10)
Total
  Negative (≤ 100 kU/L) 324 612 1.00 (referent) 517 979 1.00 (referent)
  Positive (>100 kU/L) 50 128 0.74 (0.52 to 1.05) 77 198 0.75 (0.56 to 0.99)
Total refined categories
  Normal (<25 kU/L) 194 360 1.00 (referent) 297 573 1.00 (referent)
  Borderline (25–100kU/L) 130 252 0.95 (0.72 to 1.26) 220 406 1.04 (0.83 to 1.29)
  Positive (≥100 kU/L) 50 128 0.73 (0.50 to 1.05) 77 198 0.76 (0.56 to 1.02)

*	 We analyzed prediagnostic total IgE levels in serum samples from the Janus Serum Bank in Oslo, Norway. We used diagnostic cut points to identify positive and 
negative tests in kilounits of total IgE antibody per liter (kU/L). Conditional logistic regression analysis was used to estimate odds ratios and 95% confidence 
intervals separately within sex-specific strata and for the total dataset. OR = odds ratio; CI = confidence interval.

†	 Total IgE antibodies were measured using ImmunoCap 1000, a standard clinical instrument designed for this purpose.

Table 2.  Association between prediagnostic allergen-specific IgE levels and risk of glioblastoma and glioma*

Glioblastoma Glioma

Allergen-specific IgE level†
Case subjects  

(n = 374)
Control subjects 

(n = 740) OR (95% CI)
Case subjects 

(n = 594)
Control subjects 

(n = 1177) OR (95% CI)

Women
  Negative (≤0.35 kUA/L) 98 173 1.00 (referent) 165 313 1.00 (referent)
  Positive (>0.35 kUA/L) 11 43 0.46 (0.23 to 0.93) 32 78 0.78 (0.50 to 1.23)
Men
  Negative (≤0.35 kUA/L) 203 403 1.00 (referent) 305 608 1.00 (referent)
  Positive (>0.35 kUA/L) 62 121 1.02 (0.72 to 1.44) 92 178 1.03 (0.78 to 1.38)
Total
  Negative (≤0.35 kUA/L) 301 576 1.00 (referent) 470 921 1.00 (referent)
  Positive (>0.35 kUA/L) 73 164 0.85 (0.62 to 1.16) 124 256 0.95 (0.75 to 1.22)
Total refined categories
  Negative (≤0.35 kUA/L) 301 576 1.00 (referent) 470 921 1.00 (referent)
  Borderline positive  

(>0.35–0.70 kUA/L)
22 38 1.11 (0.64 to 1.91) 38 58 1.28 (0.84 to 1.96)

  Weak positive (≥ 0.70–3.5 
kUA/L)

24 73 0.63 (0.39 to 1.02) 41 106 0.76 (0.52 to 1.11)

  Strong positive (≥3.5 kUA/L) 27 53 0.98 (0.61 to 1.58) 45 92 0.97 (0.67 to 1.40)

*	 We conducted a case–control study nested in a prospective cohort to assess associations between prediagnostic allergen-specific IgE levels and risk of 
glioblastoma and glioma. Serum samples were obtained from the Janus Serum Bank in Oslo, Norway. We used diagnostic cut points to identify positive and 
negative tests in kilounits of allergen-specific IgE antibody per liter (kUA/L). Conditional logistic regression analysis was used to estimate odds ratios and 95% 
confidence intervals separately within sex-specific strata and for the total data set. OR = odds ratio; CI = confidence interval.

†	 Allergen-specific IgE antibodies were measured using ImmunoCap 1000, a standard clinical instrument designed for this purpose.
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decreased risk of glioblastoma and glioma in all time categories. 
These associations were either statistically significant or of bor-
derline statistical significance. For example, among subjects whose 
blood was collected 20 years before tumor diagnosis, testing posi-
tive for total IgE was associated with borderline or statistically sig-
nificantly decreased risk of glioblastoma and glioma compared with 
testing negative (>100 kU/L vs ≤100 kU/L: glioblastoma, OR = 0.50, 
95% CI = 0.25 to 1.02; glioma, OR = 0.54, 95% CI = 0.30 to 0.99).

Allergen-Specific IgE and Modification of Association 
Between Total IgE and Glioma or Glioblastoma
We evaluated the joint association of allergen-specific IgE and 
total IgE with risk of glioblastoma and glioma (Table 5). We found 
that for both sexes combined, simultaneously testing positive for 
allergen-specific IgE and total IgE (>0.35 kUA/L and >100 kU/L) 
was associated with decreased risk of glioblastoma (OR = 0.64, 95% 
CI = 0.41 to 1.00) and glioma (OR = 0.72, 95% CI = 0.51 to 1.02) 
compared with simultaneously testing negative for both types of 
IgE (≤35 kUA/L and ≤100 kU/L). Both of these associations were of 
borderline statistical significance. Sex-specific analysis showed that 
women who simultaneously tested positive for allergen-specific 
IgE and total IgE were at decreased risk of glioblastoma and this 
decrease was statistically significant (OR = 0.26, 95% CI = 0.08 to 
0.88). However, the estimated odds ratio was based on only three 
case subjects. Furthermore, tests of whether allergen-specific IgE 
modified the overall association between total IgE and glioblastoma 
or glioma failed to reach statistical significance (glioblastoma:Wald 
χ2 = 1.46, P = .23 and glioma:Wald χ2 = 1.01, P = .32).

Discussion
In this nested case–control study of the association between serum 
IgE and glioma, the largest study to our knowledge conducted to 
date in this area, we found that elevated levels of prediagnostic 
allergen-specific IgE and total IgE are associated with reduced 
risk of both glioblastoma and glioma. However, the association 
between testing positive for allergen-specific IgE and decreased 
tumor risk was restricted to women. Furthermore, we observed 
that the association with elevated total IgE was present at least 
20 years before tumor diagnosis for both sexes combined. In addi-
tion, our findings suggest that for both sexes combined, the simul-
taneous presence of elevated levels of both allergen-specific IgE 
and total IgE may be associated with a lower risk of glioblastoma 
and glioma than are negative levels for both types of IgE; however, 
it should be noted that these associations are only of borderline 
significance.

In a nested case–control study, Calboli et al. (14) reported no 
association between allergen-specific IgE concentration and gli-
oma risk. However, our findings are remarkably similar to those 
reported by Schlehofer et al. (13) for high-grade (anaplastic astro-
cytoma and glioblastoma) glioma. We found sex-specific differ-
ences for associations between testing positive for allergen-specific 
IgE and glioblastoma compared with testing negative (>0.35 kUA/L 
vs ≤0.35 kUA/L: women, OR = 0.46, 95% CI = 0.23 to 0.93; men, 
OR = 1.02, 95% CI = 0.72 to 1.44) (13). Schlehofer et al. (13) found 
approximately the same magnitude of sex-specific differences for 
the association between allergen-specific IgE and high-grade gli-
oma: women—OR = 0.45, 95% CI = 0.21 to 0.96; men—OR = 0.90, 

Table 4.  Association between prediagnostic total IgE levels and risk of glioblastoma and glioma stratified by time between blood collection 
and tumor diagnosis*

Time from blood collection 
to tumor diagnosis and  
total IgE level†

Glioblastoma Glioma

Case subjects 
(n=361)

Control subjects 
(n=714) OR (95% CI)

Case subjects 
(n=568)

Control subjects 
(n=1121) OR (95% CI)

At least 25 years 
  Negative (≤100 kU/L) 59 104 1.00 (referent) 80 142 1.00 (referent)
  Positive (>100 kU/L) 7 25 0.46 (0.18 to 1.15) 9 32 0.48 (0.22 to 1.07)
At least 20 years
  Negative (≤100 kU/L) 102 182 1.00 (referent) 142 257 1.00 (referent)
  Positive (>100 kU/L) 13 43 0.50 (0.25 to 1.02) 17 55 0.54 (0.30 to 0.99)
At least 15 years
  Negative (≤100 kU/L) 171 318 1.00 (referent) 248 470 1.00 (referent)
  Positive (>100 kU/L) 25 68 0.69 (0.42 to 1.12) 36 91 0.76 (0.50 to 1.14)
At least 10 years
  Negative (≤100 kU/L) 243 446 1.00 (referent) 367 678 1.00 (referent)
  Positive (>100 kU/L) 34 100 0.64 (0.42 to 0.96) 49 144 0.64 (0.46 to 0.91)
At least 5 years
  Negative (≤100 kU/L) 295 556 1.00 (referent) 456 858 1.00 (referent)
  Positive (>100 kU/L) 47 120 0.74 (0.52 to 1.07) 68 179 0.73 (0.54 to 0.98)
At least 2 years
  Negative (≤100 kU/L) 312 592 1.00 (referent) 492 933 1.00 (referent)
  Positive (>100 kU/L) 49 122 0.76 (0.53 to 1.09) 74 188 0.76 (0.57 to 1.00)

*	 We analyzed total IgE levels in serum samples from the Janus Serum Bank in Oslo, Norway. We used diagnostic cut points to identify positive and negative tests in 
kilounits of total IgE antibody per liter (kU/L). To determine whether the association between IgE levels and risk of glioma varied by time between blood collection 
and tumor diagnosis, we divided this time variable into overlapping intervals. The category closest to time of diagnosis was at least 2 years before diagnosis, and 
the interval of longest duration between blood collection and diagnosis was at least 25 years. Conditional logistic regression analysis was used to estimate odds 
ratios and 95% confidence intervals. OR = odds ratio; CI = confidence interval.

†	 Total IgE antibodies were measured using ImmunoCap 1000, a standard clinical instrument designed for this purpose.
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95% CI = 0.53 to 1.51. We found a similar, if somewhat weaker, 
pattern for all glioma, which is also similar to the findings by 
Schlehofer et al. (13). The reason for sex-specific variation of the 
association between allergen-specific IgE and risk of glioblastoma 
and glioma risk is not known. Female sex hormones have a complex 
association with allergy-induced inflammation (24,25). For exam-
ple, it has recently been determined that mast cells have estrogen 
receptors (26). However, Michaud et al. (27) reported results of a 
cohort study in which they found no evidence for an association 
between reproductive factors and the risk of glioma.

Total IgE levels among control subjects in the present study are 
consistent with those reported in the study by Calboli et al. (14). 
They observed a mean value of the logarithm of total IgE among 
control subjects of 3.34 (SD = 1.91), whereas the mean value in the 
present study is 3.35 (SD = 1.27). However, these authors found 
no association between testing positive for total IgE and risk of 
glioma compared with testing negative (>100 kU/L vs ≤ 100 kU/L, 
OR = 0.98, 95% CI = 0.61 to 1.56). Although they did report a sta-
tistically significantly decreased risk of glioma for borderline IgE 
concentration compared with normal concentration (25–100 kU/L 
vs <25 kU/L: OR = 0.63, 95% CI = 0.42 to 0.93), we were unable 
to confirm this.

Our most important finding is that testing positive for total IgE 
was associated with decreased glioblastoma and glioma risk at least 
20 years before diagnosis. This observation suggests that previously 
reported case–control associations between allergy and glioma may 
not be a consequence of immune suppression resulting from the 
preclinical tumor. Although the most common form of glioblas-
toma appears to arise rapidly de novo (28), our findings indicate 
that the genesis of this tumor may be a long process.

Our findings also suggest a joint association between 
allergen-specific and total IgE, and there is evidence that indicates 
a biological relationship between these two IgE types. Christensen 
et al. (6) report that the same concentrations of allergen-specific 
IgE vary in their ability to produce mast cell activation, depending 
on the characteristics of the antigen and the relative quantity of 
total IgE. Consistent with this observation, Hamilton and Williams 
(28) report that the larger the ratio of allergen-specific IgE to total 
IgE, the more likely the induction of inflammatory mediators.

This study has several limitations including the fact that serum 
samples on which we base our analyses have been stored at −25°C 
for as long as 39 years (median time between blood collection and 
IgE analysis = 26 years, interquartile range = 22–36 years). Whether 
individual values for IgE are the same as they would have been at 
the date that blood was collected cannot be determined. However, 
Henderson et al. (29) tested the stability of IgE levels in obstetric 
sera that had been stored at −20°C for between 32 and 37 years 
and found that long-term storage did not diminish the ability to 
measure IgE levels. A study of the stability of total IgE in the Janus 
Serum Bank suggested nonstatistically significant (P > .05) mean 
differences in serum concentration depending on storage time (30); 
however, there may be secular trends in IgE concentration, mak-
ing it difficult to interpret comparisons across time. Paganelli et al. 
(31) also confirm the relative stability of allergen-specific anti-
bodies after 8 years of sample storage. Furthermore, even if there 
were some degradation of antibodies over time because samples 
were matched on date of blood collection, both case subjects and 
control subjects would be similarly affected by serum degradation 
and secular trends, thus potentially producing nondifferential mis-
classification. This form of bias usually, but not always, causes the 

Table 5.  Joint association between prediagnostic allergen-specific and total IgE levels with risk of glioblastoma and glioma*

Glioblastoma Glioma

Allergen-specific and total IgE level†
Case subjects 

(n = 374)

Control 
subjects  
(n = 740) OR (95% CI)

Case  
subjects  
(n = 594)

Control 
subjects  

(n = 1177) OR (95% CI)

Women
  Low allergen-specific and low total IgE 92 161 1.00 (referent) 157 291 1.00 (referent)
  High allergen-specific and low total IgE 8 22 0.64 (0.28 to 1.46) 22 44 0.93 (0.54 to 1.60)
  Low allergen-specific and high total IgE 6 12 0.92 (0.34 to 2.53) 8 22 0.70 (0.31 to 1.59)
  High allergen-specific and high total IgE 3 21 0.26 (0.08 to 0.88) 10 34 0.56 (0.27 to 1.16)
Men
  Low allergen-specific and low total IgE 188 373 1.00 (referent) 284 562 1.00 (referent)
  High allergen-specific and low total IgE 36 56 1.31 (0.82 to 2.10) 38 96 1.34 (0.91 to 1.97)
  Low allergen-specific and high total IgE 15 30 0.99 (0.53 to 1.84) 54 82 0.92 (0.54 to 1.55)
  High allergen-specific and high total IgE 26 65 0.79 (0.48 to 1.28) 21 46 0.78 (0.53 to 1.17)
Total
  Low allergen-specific and low total IgE 280 534 1.00 (referent) 441 853 1.00 (referent)
  High allergen-specific and low total IgE 44 78 1.09 (0.73 to 1.63) 76 126 1.18 (0.87 to 1.62)
  Low allergen-specific and high total IgE 21 42 0.95 (0.56 to 1.62) 29 68 0.84 (0.54 to 1.30)
  High allergen-specific and high total IgE 29 86 0.64 (0.41 to 1.00) 48 130 0.72 (0.51 to 1.02)

*	 We analyzed allergen-specific and total IgE levels in serum samples from the Janus Serum Bank in Oslo, Norway. We used diagnostic cut points to identify 
positive and negative tests in kilounits of allergen-specific antibody per liter (kUA/L) and total IgE antibody per liter (kU/L). Categories of IgE are as follows: Low 
allergen-specific (≤0.35 kUA/L), low total (≤100 kU/L), high allergen-specific (>0.35 kUA/L), and high total (>100kU/L). Conditional logistic regression analysis 
was used to estimate odds ratios and 95% confidence intervals separately within sex-specific strata and for the total dataset. To estimate joint associations 
between allergen-specific and total IgE we included cross product terms in our regression models. (23). We then used the Wald χ2 statistic to test equality of the 
cross-product term regression coefficients to zero. OR = odds ratio; CI = confidence interval.

†	 Allergen-specific and total IgE antibodies were measured using ImmunoCap 1000, a standard clinical instrument designed for this purpose.
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odds ratio to be closer to the null than it should otherwise be (32). 
Another potential source of misclassification is that we measured 
IgE concentration at only one time. The nature of the resulting 
bias depends on the critical time of IgE exposure that is associ-
ated with the risk of glioma, which is unknown. However, it seems 
reasonable to assume that IgE measurements in case and control 
subjects would be similarly biased, thus producing nondifferential 
misclassification. However, if IgE levels of case subjects are altered 
by proximity to diagnosis of this immune-suppressive tumor, 
then differential misclassification, resulting in falsely increased or 
decreased associations, may be present. This bias, if it exists, would 
be stronger among samples collected near the time of diagnosis.

Consistent with our finding that total IgE was associated with 
decreased risk of glioma is that total IgE maintains mast cell home-
ostasis (33) and mast cells have immunosuppressive functions (34). 
Additional evidence for a regulatory role of total IgE is based on 
the observation that corticosteroids that suppress chronic aller-
gic inflammation paradoxically increase total IgE levels (35). For 
example, dexamethasone, a glucocorticoid used to reduce intracra-
nial swelling in glioma patients, also elevates total IgE levels (36). 
Although this phenomenon has been discussed as a potentially 
adverse effect of steroid use for asthma treatment, elevated total 
IgE may be a component of the mechanism by which glucocorti-
coids regulate allergic inflammation.

Not necessarily in conflict with an immune regulatory role of 
total IgE, the reduced risk of cancer among people with allergies 
has been attributed to immune surveillance against potentially 
cancerous cells (37,38). It may be that the higher levels of circu-
lating IgE in atopic individuals provide an enhanced capability to 
eradicate premalignant cells before tumors can be detected. This 
antitumor protection could be due to IgE specific for developing 
tumors, to nonspecific IgE with cross-reactivity to nascent tumor 
antigens, or immune mediators released by the binding of IgE to 
specific receptors on effector cells. Another possible scenario is that 
of immune prophylaxis (9), in which allergy symptoms themselves, 
triggered by IgE, serve to expel foreign toxins or pathogens that 
might be mutagenic. Regardless of the mechanism, experimental 
evidence indicates that circulating IgE may impede early tumor 
development (37,38).

The third potential narrative comes from a prospective Danish 
record linkage study of contact allergy (5), a type of allergy that 
causes delayed rather than immediate hypersensitivity and involves 
T cells exclusively and not IgE. In the cohort of people diagnosed 
with contact allergy, the authors found that women, but not men, 
previously treated for this allergy had a lower risk of primary brain 
tumors. This finding does not exclude a role for IgE, however, 
because T cells are also involved in the induction of IgE-induced 
immediate hypersensitivity.

In addition to finding associations between both allergen-specific 
and total IgE and glioma risk, we are first to observe the presence 
of this association long before tumor diagnosis. Furthermore, we 
found that allergen-specific and total IgE may be simultaneously 
related to glioblastoma and glioma risk. If our findings can be rep-
licated, basic research is needed to identify biological mechanisms 
that account for the observed associations. Whether this mecha-
nism represents a form of immune surveillance or is a correlate of 
serum IgE concentration remains to be determined.

References
	 1.	 Hamilton RG, MacGlashan DW Jr, Saini SS. IgE antibody-specific activity 

in human allergic disease. Immunol Res. 2010;47(1–3):273–284.
	 2.	 Milovanovic M, Drozdenko G, Weise C, Babina M, Worm M. 

Interleukin-17A promotes IgE production in human B cells. J Invest 
Dermatol. 2010;130(11):2621–2628.

	 3.	 Paul WE, Zhu J. How are T(H)2-type immune responses initiated and 
amplified? Nat Rev Immunol. 2010;10(4):225–235.

	 4.	 Matricardi PM, Bockelbrink A, Gruber C, Keil T, Hamelmann E, Wahn 
U, et al. Longitudinal trends of total and allergen-specific IgE throughout 
childhood. Allergy. 2009;64(7):1093–1098.

	 5.	 Engkilde K, Thyssen JP, Menne T, Johansen JD. Association between can-
cer and contact allergy: a linkage study. BMJ Open. 2011;1(1):e000084.

	 6.	 Christensen LH, Holm J, Lund G, Riise E, Lund K. Several distinct proper-
ties of the IgE repertoire determine effector cell degranulation in response 
to allergen challenge. J Allergy Clin Immunol. 2008;122(2):298–304.

	 7.	 Hamilton RG. Provocation tests with objective measures remain more 
diagnostic than surrogate immunoglobulin E antibody measures of sensiti-
zation. Clin Exp Allergy. 2011;41(8):1048–1049.

	 8.	 Turner MC. Epidemiology: allergy history, IgE, and cancer [published 
online ahead of print December 20, 2011]. Cancer Immunol Immunother. 
doi:10.1007/s00262-011-1180-6.

	 9.	 Sherman PW, Holland E, Sherman JS. Allergies: their role in cancer pre-
vention. Q Rev Biol. 2008;83(4):339–362.

	 10.	 Chen C, Xu T, Chen J, Zhou J, Yan Y, Lu Y, et al. Allergy and risk of glioma: 
a meta-analysis. Eur J Neurol. 2011;18(3):387–395.

	 11.	 Davis FG, Al-Alem U. Allergies and adult gliomas: cohort results 
strengthen evidence for a causal association. J Natl Cancer Inst. 
2011;103(21):1562–1563.

	 12.	 Schwartzbaum J, Karavodin L, Kapur N, Fisher JL. Unexpected benefits 
of allergies and cigarette smoking: two examples of paradox in neuroepi-
demiology In: Kapur N, ed. The Paradoxical Brain. Cambridge, England: 
Cambridge University Press; 2011:261–273.

	 13.	 Schlehofer B, Siegmund B, Linseisen J, Schuz J, Rohrmann S, Becker S, 
et  al. Primary brain tumours and specific serum immunoglobulin E: a 
case-control study nested in the European Prospective Investigation into 
Cancer and Nutrition cohort. Allergy. 2011;66(11):1434–1441.

	 14.	 Calboli FC, Cox DG, Buring JE, Gaziano JM, Ma J, Stampfer M, et  al. 
Prediagnostic plasma IgE levels and risk of adult glioma in four prospective 
cohort studies. J Natl Cancer Inst. 2011;103(21):1588–1595.

	 15.	 Szerlip NJ, Pedraza A, Chakravarty D, Azim M, McGuire J, Fang Y, 
et  al. Intratumoral heterogeneity of receptor tyrosine kinases EGFR 
and PDGFRA amplification in glioblastoma defines subpopulations 
with distinct growth factor response. Proc Natl Acad Sci U S A. 2012; 
109(8):3041–3046.

	 16.	 Jellum E, Andersen A, Lund-Larsen P, Theodorsen L, Orjasaeter H. The 
JANUS serum bank. Sci Total Environ. 1993;139–140:527–535.

	 17.	 Jellum E, Andersen A, Lund-Larsen P, Theodorsen L, Orjasaeter H. 
Experiences of the Janus Serum Bank in Norway. Environ Health Perspect. 
1995;103(suppl 3):85–88.

	 18.	 Langseth H, Gislefoss R, Martinsen JI, Stornes A, Lauritzen M, Andersen 
A, et al. The Janus Serum Bank—From Sample Collection to Cancer Research. 
Oslo: Cancer Registry of Norway; 2009.

	 19.	 Helgesson G, Dillner J, Carlson J, Bartram CR, Hansson MG. Ethical 
framework for previously collected biobank samples. Nat Biotechnol. 
2007;25(9):973–976.

	 20.	 CBTRUS. CBTRUS Statistical Report: Primary Brain and Central Nervous 
System Tumors Diagnosed in the United States in 2004–2007. Hinsdale, IL: 
Central Brain Tumor Registry of the United States; 2011. 

	 21.	 Kerkhof M, Droste JH, de Monchy JG, Schouten JP, Rijcken B. Distribution 
of total serum IgE and specific IgE to common aeroallergens by sex and 
age, and their relationship to each other in a random sample of the Dutch 
general population aged 20–70  years. Dutch ECRHS Group, European 
Community Respiratory Health Study. Allergy. 1996;51(11):770–776.

	 22.	 Chapman MD, Pomes A, Breiteneder H, Ferreira F. Nomenclature and 
structural biology of allergens. J Allergy Clin Immunol. 2007;119(2):414–420.

	 23.	 Greenland S. Tests for interaction in epidemiologic studies: a review and a 
study of power. Stat Med. 1983;2(2):243–251.



JNCI  |  Articles  1259jnci.oxfordjournals.org

	 24.	 Cutolo M, Sulli A, Capellino S, Villaggio B, Montagna P, Seriolo B, et al. 
Sex hormones influence on the immune system: basic and clinical aspects 
in autoimmunity. Lupus. 2004;13(9):635–638.

	 25.	 Straub RH. The complex role of estrogens in inflammation. Endocr Rev. 
2007;28(5):521–574.

	 26.	 Jensen-Jarolim E, Untersmayr E. Gender-medicine aspects in allergology. 
Allergy. 2008;63(5):610–615.

	 27.	 Michaud DS, Gallo V, Schlehofer B, Tjonneland A, Olsen A, Overvad 
K, et al. Reproductive factors and exogenous hormone use in relation to 
risk of glioma and meningioma in a large European cohort study. Cancer 
Epidemiol Biomarkers Prev. 2010;19(10):2562–2569.

	 28.	 Ohgaki H, Kleihues P. Genetic pathways to primary and secondary glio-
blastoma. Am J Pathol. 2007;170(5):1445–1453.

	 29.	 Henderson CE, Ownby D, Klebanoff M, Levine RJ. Stability of 
immunoglobulin E (IgE) in stored obstetric sera. J Immunol Methods. 
1998;213(1):99–101.

	 30.	 Gislefoss RE, Grimsrud TK, Morkrid L. Stability of selected serum pro-
teins after long-term storage in the Janus Serum Bank. Clin Chem Lab Med. 
2009;47(5):596–603.

	 31.	 Paganelli R, Ansotegui IJ, Sastre J, Lange CE, Roovers MH, de Groot H, 
et  al. Specific IgE antibodies in the diagnosis of atopic disease. Clinical 
evaluation of a new in vitro test system, UniCAP, in six European allergy 
clinics. Allergy. 1998;53(8):763–768.

	 32.	 Blair A, Stewart P, Lubin JH, Forastiere F. Methodological issues regarding 
confounding and exposure misclassification in epidemiological studies of 
occupational exposures. Am J Ind Med. 2007;50(3):199–207.

	 33.	 Burton OT, Oettgen HC. Beyond immediate hypersensitivity: evolving 
roles for IgE antibodies in immune homeostasis and allergic diseases. 
Immunol Rev. 2011;242(1):128–143.

	 34.	 Hakim-Rad K, Metz M, Maurer M. Mast cells: makers and break-
ers of allergic inflammation. Curr Opin Allergy Clin Immunol. 
2009;9(5):427–430.

	 35.	 Barnes PJ. Corticosteroids, IgE, and atopy. J Clin Invest. 2001;107(3):265–266.
	 36.	 Wiemels JL, Wilson D, Patil C, Patoka J, McCoy L, Rice T, et  al. 

IgE, allergy, and risk of glioma: update from the San Francisco Bay 

Area Adult Glioma Study in the temozolomide era. Int J Cancer. 
2009;125(3):680–687.

	 37.	 Jensen-Jarolim E, Achatz G, Turner MC, Karagiannis S, Legrand F, 
Capron M, et  al. AllergoOncology: the role of IgE-mediated allergy in 
cancer. Allergy. 2008;63(10):1255–1266. PMCID: 2999743.

	 38.	 Riemer AB, Untersmayr E, Knittelfelder R, Duschl A, Pehamberger H, 
Zielinski CC, et al. Active induction of tumor-specific IgE antibodies by 
oral mimotope vaccinations. Cancer Res. 2007;67(7):3406–3411.

Funding
This work was funded by the National Cancer Institute, National Institutes 
of Health (grant number R01CA122163 to JS) and a Research Enhancement 
and Assistance Program grant from the Ohio State University Comprehensive 
Cancer Center (to JS).

Notes
The authors are solely responsible for the study design, data collection, analysis 
and interpretation of the data, writing the manuscript, and decision to submit the 
manuscript for publication.

We would like to thank the Norwegian Cancer Society (Kreftforeningen) 
for its foresight in supporting the Janus Serum Bank economically from the 
start in 1972. Professor in pathology Olav Torgersen (1907–1978) was the first 
in a row of dedicated people drifting the bank in the subsequent decades. Since 
2004, the Bank has been run by the Cancer Registry of Norway (Kreftregisteret) 
(http://www.kreftregisteret.no/janus).

Affiliations of authors: Division of Epidemiology, College of Public Health, 
Ohio State University, Columbus, OH (JS); Comprehensive Cancer Center, 
Ohio State University, Columbus, OH (JS); Institute of Environmental 
Medicine, Karolinska Institutet, Stockholm, Sweden (BD, AA, MF); The 
Cancer Registry of Norway, Oslo, Norway (TBJ, TKG); Immunology and 
Transfusion Medicine, Ulleval University Hospital, Oslo, Norway (LTNO); 
Karavodin Preclinical Consulting, Encinitas, CA (LK).

http://www.kreftregisteret.no/janus



