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Abbreviation: ALL, acute lymphoblastic leukemia.

We thank Drs. Linabery and Spector for their commen-
tary (1) on our analysis of the association between allergies
and childhood acute lymphoblastic leukemia (ALL) (2).
We appreciate their thorough presentation of the potential
biases that may occur in epidemiologic studies examining
the association between allergies and childhood leukemia,
possible biologic mechanisms linking allergies to child-
hood leukemia, and suggestions for future research.
In a case-control study, it is always a challenge to obtain

an accurate exposure history, especially in studies that rely
on self-reported data. As noted by Linabery and Spector,
children’s histories of allergies supplied via parental reports
can be subject to selection and recall biases and misclassifi-
cation. Although information on allergies obtained from
medical records is less likely to be subject to differential
misclassification due to the differential recall between case
and control parents, these data only include symptomatic
individuals who visit medical facilities for treatment. Given
these limitations, studies may need to incorporate data on
molecular biomarkers, such as genetic polymorphisms,
serum immunoglobulin E, and cytokine profiles, to investi-
gate the relation between allergies and childhood leukemia.
Genetic polymorphisms may serve as valuable markers

to help disentangle the relation between allergies and child-
hood leukemia because they are present before the develop-
ment of childhood leukemia, not subject to recall bias, and
not affected by confounding because of their random inher-
itance from the parents (3). In a recent study, Miedema
et al. examined the association between polymorphisms of
several toll-like receptor genes, key components of innate
immunity, and childhood ALL or atopic disease (4). The
authors reported that the association between 2 single nu-
cleotide polymorphisms of toll-like receptor 6 (rs5743798
and rs6531666) and childhood ALL and the association
between the 2 single nucleotide polymorphisms and atopic

disease were in the opposite direction, supporting the role
of the immune surveillance hypothesis in the inverse asso-
ciation between atopic disease and childhood ALL (4).
More studies need to be conducted to confirm the finding
of that study. In addition, because allergy is a complex
disease likely involving the interplay between many genes,
a more comprehensive survey of the polymorphisms of the
immune function genes is necessary.
In addition to genetic polymorphisms, serum markers

such as immunoglobulin E and cytokines may be used as
more objective measures of allergies to investigate the rela-
tion between allergies and childhood leukemia (5, 6). Along
with allergy, an extension to other measures of immune stim-
ulation and/or repression (e.g., measures of infection and in-
fection severity and T-cell subsets such as T-regulatory cells)
will help to assess in a comprehensive fashion immune status
and leukemia risk. The timing of the biomarker assessment
is critical because measurements taken close to the time of
childhood leukemia diagnosis may suffer from reverse cau-
sality. Archived newborn blood spots from congenital disease
screening programs are a valuable source of data for the in-
vestigation of the atopic tendency of a child and his/her later
development of childhood leukemia. However, archived
newborn blood spots represent only a snapshot of the child-
ren’s allergy status, which is dynamic and can develop or
disappear anytime during childhood. Therefore, a longitudi-
nal design with multiple measurements at various time
points may be more ideal in tracking the relation between
allergies and childhood leukemia. This may only be achieved
by a large cohort, such as the International Childhood
Cancer Cohort Consortium (7), given the rare occurrence of
childhood leukemia.
In conclusion, case-control studies of childhood leuke-

mia based on parental report or medical records for obtain-
ing the children’s history of allergies may have reached
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their limit. In future studies, investigators need to consider
alternative study designs and incorporate various molecular
biomarkers to help clarify the relation between allergies
and childhood leukemia.
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