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Abstract

Objective—A comprehensive case-control study was conducted to determine potential risk
factors for medulloblastoma/primitive neuroectodermal tumor (PNET), a common brain tumor in
children. This analysis evaluated possible associations between previous head injury and ionizing
radiation exposure through diagnostic x-rays and medulloblastoma/PNET.

Methods—Mothers of 318 cases < 6 years of age at diagnosis between 1991 and 1997 and
registered with the Children’s Oncology Group were interviewed. Mothers of 318 matching
controls were selected through random digit dialing and interviewed.

Results—An association was not detected between previous head injury (OR: 0.78, 95% ClI:
0.40-1.5) or head x-ray for any reason including head injury with medulloblastoma/PNET. A
statistically non-significant excess of cases reported having an x-ray for reason other than head
injury (OR 2.3, 95%ClI 0.91-5.7). When cases that received an x-ray for a common symptom of
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medulloblastoma/PNET were considered unexposed this association weakened (OR: 1.3, 95% CI:
0.49-3.7). No dose-response relationship was observed.

Conclusions—Head injury and exposure to diagnostic head x-rays were not associated with
medulloblastoma/PNET in this study. Future studies should investigate all imaging procedures
with ionizing radiation exposure including computed tomography (CT) scans and utilize radiation
dose estimations.
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Introduction

Tumors of the brain and central nervous system are the second most common type of cancer
among children [1]. Medulloblastoma and primitive neuroectodermal tumor (PNET) are
histologically similar but genetically distinct brain tumors that occur primarily in children
[2,3] and together account for about 20% of brain tumors in children [4]. Medulloblastoma
accounts for about 80% of the tumors in the combined medulloblastoma/PNET grouping [3].

The only known risk factors for brain tumors in children are some genetic conditions and
exposure to therapeutic doses of ionizing radiation [3,5,6]. Although diagnostic x-rays
confer much lower doses of ionizing radiation, children may be more susceptible to the
effects than adults. The harmful effects of fetal x-ray exposure have been established since
the 1950s [7,8]. However, the evidence regarding x-rays and brain tumors in young children
after birth is not consistent [9-13].

Studies examining the effect of head injury on brain tumor occurrence are conflicting
[12,14-17]. Generally, studies in children show that head injuries that occur during birth or
those that are severe enough to result in hospitalization or the loss of consciousness are
associated with higher brain tumor risk [11,13,18].

We report here our results on head injury and diagnostic x-ray exposure from a case-control
study of medulloblastoma/PNET in young children.

Materials and Methods

Institutional review boards (IRBs) of all participating institutions approved the study and all
participants gave informed consent. The study design and methods for subject selection have
been described in detail elsewhere [19]. Briefly, to be eligible as a case, an individual had to
be diagnosed with medulloblastoma/PNET before the age of six years between July 1991
and November 1997 [9]. Member institutions of the Children’s Oncology Group (COG) that
were previously affiliated with the Children’s Cancer Group (CCG) identified 558
potentially eligible cases that met these criteria. From these 558, cases were excluded for the
following reasons: physician did not give consent to contact family (n=35), not PNET on
pathology review (n=28), biologic mother not available (n=17), language barrier (n=16), no
phone in household (n=13), residence outside North America (n=6), prior or concurrent
cancer (n=3), and no response from institution (n=2). In addition, the IRBs of many
participating institutions required that parents give their consent to participate before they
were invited by the principal investigator. The participating institutions could not locate
seven families to obtain their consent, and an additional 39 families either did not respond to
the consent letter or actively refused to participate. When the investigators attempted to
contact the case mothers, 41 could not be located and 27 refused. Controls could not be
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found for 6 cases. A total of 318 case mothers comprise the study population (68% of all
cases; 73% of eligible cases).

Controls were selected by random digit dialing (RDD). They were matched to the cases on
area code, race, and date of birth (+ 6 months for cases diagnosed prior to one year of age, +
1 year for all other cases) The response rate was 67% for the RDD screening and 73% for
the study interview. In total, 318 controls participated [9].

Every child was assigned a reference age after which exposures were deemed not to have
contributed to tumor formation. As the critical period of exposure for development of these
tumors is not known, reference ages were assigned based on researchers’ assumptions about
the critical period and were, by necessity, arbitrary. Reference ages were assigned by age at
diagnosis as follows: birth if diagnosis at 0 to 5 months, 3 months if diagnosis at 6 to 11
months, 6 months if diagnosis at 12 to 17 months, 9 months if diagnosis at 18 to 23 months,
age at diagnosis minus 12 months if diagnosis at 24 months or older. Each matched control
was assigned the same reference age as the case. Nineteen case-control pairs with reference
age at birth were excluded from the current analysis of postnatal factors. As a result the final
sample utilized in this study consisted of 299 cases and 299 controls.

Data Collection Methods and Procedures

Trained interviewers conducted structured telephone interviews with the mothers of cases
and controls. All data for this study came from maternal interviews; no medical records were
reviewed. Interviews of case mothers took place a median of 1.6 years after the child’s
diagnosis (range 0.1 to 6.2 years).

The interview included questions about head injury including how it happened, age, loss of
consciousness, hospitalization, and related x-rays (Figure 1). Questions about loss of
consciousness and hospitalization were included in order to judge severity. Mothers were
asked about dental visits and associated x-rays, other head and neck x-rays, and any x-rays
before one year of age. X-rays that occurred before one year of age were considered to have
exposed the head because of the small size of the child.

The interview also included questions on demographic factors that might be confounders or
indicators of possible selection bias. For example, more residential moves for cases
compared to controls could result in a reduced ability to locate the cases and thus a sample
potentially biased by the exclusion of residentially mobile cases.

Statistical Analysis

Odds ratios (ORs) and 95% confidence intervals were determined for associations between
the exposures of interest and medulloblastoma/PNET. The exposures analyzed for the time
period from birth until the reference age were 1) head injury, 2) head x-ray related to a head
injury, 3) head x-ray not related to a head injury, 4) head x-ray regardless of reason, 5)
number of head x-rays, 7) dental x-ray (standard or Panorex), 8) x-ray of any part of the
body other than the head before age one, and 9) any x-ray in categories 1 — 8. Although we
intended to consider head injuries resulting in loss of consciousness and those requiring
hospitalization, the small number of such injuries (3 and 4, respectively) precluded analysis.

Subjects who had a head x-ray not related to a head injury were asked the reason for the x-
ray in order to ascertain whether the x-ray was for a common symptom of medulloblastoma/
PNET. We performed alternate analyses where subjects who had x-rays for common
symptoms of medulloblastoma/PNET were not considered exposed. The symptoms included
head tilt, balance disorder, large head size, and hydrocephalus.
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The associations between variables and medulloblastoma/PNET were estimated by
conditional logistic regression. We adjusted for annual household income (< $50,000 vs. >
$50,000), education (less than high school, high school, some post high school, college/grad/
professional), and age of child at interview. Subjects with missing data for income were
included in the less than $50,000 category as these subjects were similar demographically to
those in this income category. Using the income category midpoint as a continuous variable
or considering missing values as a distinct income category did not change the results
appreciably. Inclusion of mother’s marital status, number of moves, and date of interview
did not appreciably change the OR estimates and these factors were therefore not included in
the final models.

All analysis was done using SPSS version 15.0.

Case and control mothers were similar on most demographic categories including race,
education, marital status, number of moves, and geographic location (Table 1). Income was
not statistically different between cases and controls, but cases were somewhat more likely
to have an annual household income over $50,000. Age of child at interview and date of
interview in months since start of study were statistically significantly higher in controls as
control identification did not begin until the case was interviewed. The mean reference age
for both cases and controls was 1.7 years.

Head injury and head x-rays due to head injury were not statistically associated with
medulloblastoma/PNET (Table 2).

More cases than controls reported having had a head x-ray not related to head injury with
results approaching statistical significance (OR 2.3, 95%CI 0.91-5.7). Nine cases had head
x-rays for head tilt, balance disorder, large head size, or hydrocephalus, all of which are
presenting symptoms of medulloblastoma/PNET. When these 9 cases were not considered
as exposed or were excluded from the analysis, the association between medulloblastoma
and PNET was reduced substantially (OR:1.3, 95% ClI: 0.49-3.7). Few subjects had had
more than one head x-ray and there was no evidence of a dose-response relationship.

The OR for any head x-ray was increased but not statistically significant (OR: 1.7, 95% CI:
0.68-2.61) Once again, no association was present when subjects with x-rays for possible
presenting symptoms were not considered exposed.

The OR for other (not of the head) x-ray before age one was slightly increased but not
statistically significant (OR 1.3, 95%CI: 0.68-2.6). No association was observed between
medulloblastoma/PNET and dental x-ray.

The OR for any x-ray was not statistically significant (OR: 1.4, 95%CI: 0.83-2.3). There
was no suggestion of a statistically significant association when the cases whose only head
x-ray was for a possible tumor symptom were considered unexposed. For this analysis, 3 of
the 9 cases that had symptom-related x-rays remained exposed because they had had other
X-rays.

Discussion

We did not detect a relationship between medulloblastoma/PNET and head injury,
replicating the finding of a previous CCG study [17]. By contrast, many other studies that
investigated brain tumors in children have reported an association with head injury
[4,13,18]. However, these studies only observed an association when the head injury
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required hospitalization, resulted in a loss of consciousness, or occurred during birth. We
might have failed to detect an association with severe head injuries because of low power as
only 4 subjects required hospitalization or lost consciousness. Another possibility is that
head injury is a risk factor only for brain tumor types other than medulloblastoma/PNET.

There was a statistically non-significant excess of cases reporting a head x-ray not related to
head injury. Once again this replicates the finding of the previous CCG study that also found
a statistically non-significant excess of cases reporting an x-ray [17]. Other studies have
reported a statistically non-significant relationship between childhood central nervous
system tumors and diagnostic x-ray [10], including a cohort study based on medical records
in which increasing doses were not associated with increased cancer incidence [19].

Interestingly, Howe et al., who reported an association between childhood brain tumor and
skull x-ray, indicated that these x-rays might have been the result of early case symptoms
[18]. A strength of our study was the ability to investigate this concern. Nine of the 32
exposed cases had x-rays for reasons that are common symptoms of medulloblastoma and
PNET. For most of the nine cases, the head x-ray occurred slightly more than a year before
the medulloblastoma/PNET diagnosis, with a range of 3 to 29 months. The average duration
of symptoms prior to medulloblastoma diagnosis is 8 weeks for males and 5 weeks for
females [20]. Clearly the average symptom duration is much shorter than the time between
x-ray and diagnosis of these 9 cases. However the time interval between diagnosis and
symptom occurrence can be up to 100 weeks [20]. As a result, it is difficult to definitively
determine whether the symptoms were the result of the brain tumor in these 9 cases.

We also did not detect an association between dental x-rays and medulloblastoma/PNET.
Research regarding previous dental x-rays is limited. However, five or more full mouth
series x-rays have been associated with increased brain tumor risk in adolescents and young
adults [12,13]. In our study, the exposure to ionizing radiation was much lower, as a single
dental x-ray was considered exposure. The difference in exposure level could explain the
difference in the results observed as could low power in our study due to small numbers of
exposed children in this age group. In this study we did not ask about full mouth series x-
rays, and only 7 individuals had a Panorex exam.

A potential limitation of this study is a limited ability detect an association. Although we did
not observe an association between the exposures studied and medulloblastoma/PNET, the
confidence intervals for effect estimates were very wide. Despite a fairly large overall
sample size, the exposures studied are fairly rare and it is possible that the sample size was
not large enough to detect statistically significant associations.

A key feature of this study is its reliance on maternal recall of head injury and x-rays. Case
mothers may have devoted more thought to past exposures as a result of their child’s illness
and might remember more x-rays than control mothers, suggesting the possibility of a bias
away from the null. However, as few ORs in this study were substantially increased, this
possible recall bias is not a major concern. However, there is certainly some degree of
inaccuracy in the recall of exposures that occurred several years ago.

There is also the potential for selection bias. The use of RDD may result in a population that
is not representative of the general population because households choosing to respond to
the RDD screening and study interview may have differed from those who refused. For
example, those who refused may have been of higher or lower SES, and SES may be related
to access to health care and likelihood of x-ray exposure. In this scenario, the OR for x-ray
exposure would be biased either toward or away from the null. However, we cannot assess
the likelihood or direction of this bias since no information is available on RDD non-
responders. Reliance on a non-population-based case group ascertained through COG could
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have also resulted in selection bias as the cases may not have been representative of the
larger population of cases in terms of x-ray history.

Medical records could provide more accurate information than parental report on head
injury and x-rays. However, accessing medical records for a study population spread across
the US and Canada in numerous health systems would not be feasible. An improved
approach would be a cohort study of exposed children such as the one the National Cancer
Institute is currently implementing in the United Kingdom. A large cohort of individuals
who received computed tomography (CT) scans as children or adolescents will be followed
for cancer incidence and mortality using national medical records [21].

Although cohort studies conducted through medical records are close to ideal, these studies
will rarely be feasible because of the very large numbers required for a rare disease such as
childhood brain tumors. Therefore, there may still be a role for case-control interview
studies with carefully designed questionnaires. Our findings suggest several ways to
enhance the recall and accuracy of responses in future studies. In the current format, there
was likely some misclassification of head injuries. When mothers were asked the reason for
the head x-ray not due to head injury, the reasons given included, “bumped his head”,
“accident”, “walked into door”, and “tripped and hit head”. We would have expected these
to be reported as related to a head injury. A possible explanation could be that the child was
x-rayed for a suspected head injury and found not to have one. To accommodate this
possibility, we recommend asking whether the child ever had a head injury or was ever
suspected of having a head injury and whether the child had x-rays for this purpose.

Questions regarding x-rays could also be improved in several key ways. We recommend that
questionnaires ask about CT scans specifically. In the questionnaire used here, mothers may
or may not have reported CT scans when asked about x-rays. In the U.S. CT scans are
standard protocol for head injuries and the number of pediatric CT examinations has
increased 200% in the recent years [22]. The effective dose of radiation from a head CT (2
mSV) is almost 150 times greater than that received from a skull x-ray (0.015 mSV) [23].
Other imaging procedures that expose the child’s brain should also be included in the
questionnaire. Lack of information on CT scans and other procedures could obscure an
association between ionizing radiation exposure of the brain and medulloblastoma/PNET.

To further enhance responses, researchers could apply an approach used to improve recall of
medication use [24]. Research regarding recall of pharmacological treatments has shown
that it is more effective to ask indication-oriented questions than open-ended questions alone
[25]. To apply that principle to imaging procedures, one could ask about common
indications such as suspected head injury, abnormal head or neck development, or possible
brain infection in addition to asking about the imaging procedures themselves. When a
mother reports an x-ray for an indication that can be a presenting symptom of a brain tumor,
we recommend directly asking the mother if this was a symptom of the brain tumor. This
would allow a more accurate assessment of whether the x-ray was related to the diagnosis of
the tumor.

The analysis of detailed data collected on x-rays and CT scans could be improved by
accounting, at least crudely, for radiation dose. A radiation physicist or other expert could
estimate the typical dose for a given procedure based on the typical views, typical number of
films taken, size of child, and other factors. Although these would be crude estimates, they
would provide a basis for separating procedures with high levels of exposure from those
with low-level exposure.

In conclusion, we detected no relationship between head injury and medulloblastoma/PNET
and no conclusive evidence of an association between x-ray and medulloblastoma/PNET.
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More research is needed regarding the critical exposure period for tumor formation. We
recommend that future studies utilize an enhanced questionnaire and dose estimation.
Possible associations between CT scans as well as other sources of ionizing radiation
exposure and medulloblastoma/PNET need to be investigated.
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Figure 1.
Interview Questions from Maternal Survey
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Table 1

Demographic and other characteristics of cases and controls

Characteristic
Mother’s Race
White, Non-Hispanic
Other
Mother’s Education
Less than high school
High School
Some post high school
College/Grad/Professional
Mother’s Marital Status
Married
Other

Mother’s Income”
Less than $15,000
$15,00 -$24,999
$25,000-$34,999
$35,000-$49,999
$50,000-$74,999
>$75,000

Case Number (N = 299)

245
54

26
86
94
93

249
50

41
47
52
63
51
28

Times family moved between start of pregnancy and reference date

0
1
2
3
4+

Age (Years) of Child at Interview

Date interviewed in months since start of study

141

78

40

26

14

Mean (SD)
5.1 (2.0)
15.8 (10.7)

Percent

82
18

29
31
31

83
17

15
17
18
22
18
10

47
26
13

Control Number (N=299)

252
47

36
78
103
82

242
57

47
53
52
59
36
24

131

78

39

27

24

Mean (SD)
5.7 (2.2)
23.3(9.1)

Percent

84
16

12
26
34
27

81
19

17
20
19
22
13

44
26
13

AN=288 for cases and N=271 for control
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Odds ratios for head injury and x-rays with exposure to the head from a case-control study of

Table 2

medulloblastoma/PNET with 299 case-control pairs A

Risk Factor Number Cases Exposed/Controls Exposed ORB 95%Cl p-value
Head Injury 33/36 0.78  0.40-1.5 0.47
Head X-ray due to head injury 8/10 0.62 0.21-1.9 0.40
Head X-ray not due to head injury 24/12 2.3 0.91-5.7  0.08
1 x-ray 17/9 2.5 0.83-7.5 0.11
2 or more X- rays 6/3 17 0.31-9.2 0.55
Head X-ray not due to head injuryc 15/12 13 0.49-3.7 0.57
1 x-ray 13/9 19 0.56-6.1 0.31
2 or more x- rays 213 050 0.06-39 051
Head X-ray any Reason 32/20 17 0.82-3.4 0.16
Head X-ray any ReasonC 23120 12 05425 069
Any X-ray before age 1 35/23 13 0.68-2.61 0.40
Dental X-ray 16/18 0.85 0.37-1.9 0.70
Any type of X- ray D 75/55 14  083-23 022
69/55 12 07120 051

Any type of X- ray cD

A .
The number of matched case control sets ranged from 294-299 due to missing data
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BAdjusted for annual household income > $50,000, mother’s education (less than high school, high school, some post high school, and college/
grad/professional), and age of child at interview

C. .. . . -
Subjects were considered “unexposed” if the reason for x-ray was possibly tumor related

D
Includes head x-ray for any reason, other x-ray before 1, and dental x-ray
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