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Abstract

Objective—To perform a systematic review to evaluate the risk of malignancy associated with
computed tomography (CT) of the head and/or neck in infants, children, and adolescents.

Data Sources—Pubmed, EMBASE, and the Cochrane Library were assessed from the date of
their inception to January 2014. Additionally, manual searches of bibliographies were performed
and topic experts were contacted.

Review Methods—Data were obtained from studies measuring or estimating the risks of
malignancy associated with radiation from head and/or neck CT in pediatric populations according
to an a priori protocol. Two independent evaluators corroborated the extracted data.

Results—There were 16 criterion-meeting studies that included data from n = 858,815 patients.
The radiation-related risk of malignancy was estimated using primary patient data for both the
exposure and outcome in a minority of studies, with most analyses utilizing mathematical
modeling techniques. The data regarding otolaryngology-specific studies were limited and
suggested a borderline significant increase in the risk of all combined cancers after facial CT
(incidence rate ratio [IRR] = 1.14; 95% ClI, 1.01-1.28) and neck/spine CT (IRR = 1.13; 95% ClI,
1.00-1.28). Cohort data suggest that 1 excess brain malignancy occurred after 4000 brain CTs (40
mSv per scan) and that the estimated risk in the 10 years following CT exposure was 1 brain
tumor per 10,000 patients exposed to a 10 mGy scan at less than 10 years of age.

Conclusion—Detailed understanding of any potential malignancy risk associated with pediatric
imaging of the head and neck furthers our ability to engage in rational, shared, informed decision
making with families considering CT scan.
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Introduction

The potential harms of radiation exposure through medical imaging have been featured
prominently in the recent lay media. A New York Times Op Ed from January of this year
displayed the headline “We Are Giving Ourselves Cancer” and introduced a discussion of
computed tomography (CT)-associated exposures and risks with the statement, “We are
silently irradiating ourselves to death.”? Similarly, Newsweek featured an article in April of
this year titled “Death Rays” and commented on the potential hazards of both medical
imaging and radiation therapy.? The New York Times piece prompted 6 published response
letters to the editor, with authors spanning the gamut from the American College of
Radiology, the College of Emergency Physicians, internists, and the George Washington
School of Public Health.3 The Newsweek article, less than 1 week old at the time of this
writing, has already resulted in a response from the American College of Radiology.*

In the setting of concerns raised among the general public, we may see patients and families
who voice apprehension or a desire for further information regarding the potential long-term
ramifications of CT scan. Given that radiation effects have been shown to be increased in
younger age groups,®=12 parents considering CT for their children may have increased
concern. As otolaryngologists, we are not the primary stewards of radiation science, imaging
exposure protocols, or long-term prospective cohort studies of patients who have undergone
related imaging; nonetheless, we are often the primary interface with patients and families
when these studies are ordered. Since radiation physicists, radiologists, and many
epidemiologists do not interface directly with patients and their families, the responsibility
of weighing the related implications and their complexities typically falls to providers such
as ourselves. While we are often well versed in the potential diagnostic yield of these
studies, a confident discussion of the potential future malignancy risks after CT exposure in
childhood may be more likely to fall outside the standard otolaryngologist’s comfort zone.

Understanding the associated peer-reviewed evidence regarding the risk associated with
head and neck CT may prove invaluable to facilitating meaningful, factual, and productive
conversations with families of considered children. In fact, although it has not been studied
specifically with regard to otolaryngological imaging, management decisions based on
established data (ie, evidence-based practice) have been shown to improve patient outcomes
spanning the gamut of cardiovascular, respiratory, neurological, and surgical disease.13-17
Systematic reviews provide a proven, rigorous method to demonstrate the current best
evidence and available data regarding a specific clinical question.18-20 A systematic review
is an analysis of the medical literature that “uses explicit methods to systematically search,
critically appraise, and synthesize the world literature on a specific issue.”?! When
performed according to the standard rigorous techniques, it minimizes bias, random error,
and confounding and is thus more powerful than a traditional narrative review.20-21 Because
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of this, they top hierarchies of evidence in international systems2%:22:23 and are understood
to require as much or more effort than the underlying source articles.2425 Accordingly, the
systematic review underlies significant documents such as clinical practice guidelines?2:26
and forms the foundation for global collaborative work-groups such as the Cochrane
Collaboration. In fact, some systematic reviews are cited hundreds of times annually.2°

The objective of the current systematic review was to evaluate the risk of malignancy
associated with radiation exposure from CT of the temporal bone, head, and/or neck at a
young age. Specifically, we sought to (1) test the null hypothesis that there is no impact of
head and neck CT scan on subsequent risk of malignancy and (2) determine the magnitude
of any such effect according to the current available best evidence.

Risk of Malighancy with CT-related Radiation Exposure

A computerized search was performed to identify the risk of malignancy associated with
head, temporal bone, and/or neck CT scan in infants, children, and adolescents.
Computerized and manual searches were performed to identify all relevant data. A PubMed
search of MEDLINE from 1966 through January 2014 was performed. Articles mapping to
the medical subject heading tomography, X-ray computed (exploded) were collected into a
first group. Articles that mapped to the medical subject headings head and neck neoplasms,
brain neoplasms, cranial nerve neoplasms, and soft tissue neoplasms, under subheadings of
etiology and epidemiology, along with papers mapping to the medical subject headings
neoplasms, radiation-induced (exploded) were collected into a second group. Next, articles
that mapped to the exploded medical subject headings child and infant and those that
mapped to the text words pediatric and newborn were collected into a third group. Articles
from these 3 groups were then cross-referenced and limited to those with human subjects
and English language. Case reports as defined by the database indices were excluded. Two
independent searches were performed by individuals blinded to the others’ results. In
addition, searches with corresponding terms were repeated in EMBASE and the Cochrane
Library through January 2014. In accordance with standard systematic review techniques, all
journals indexed to these databases were by default included, thus spanning the range of all
available impact factors. In general, a computerized search has limitations, particularly if the
topic assessed in diagnosis; the sensitivity and specificity of best single term and
combinations for high sensitivity MEDLINE searches is just 0.80 and 0.77, respectively.2’
Accordingly, a systematic review typically includes a manual search to supplement the
computerized inquiry.28

The computerized search strategy yielded 1169 studies. The abstracts were evaluated
according to the inclusion and exclusion criteria described in the following. Reference lists
from criteria-meeting publications and narrative reviews were manually searched for
additional studies, yielding 37 potential articles. In addition, experts in the field were
contacted for any additional reports of published or unpublished data. Titles and abstracts
for all identified studies were reviewed, and ultimately, 158 full articles were evaluated in
detail (Figures 1, 2).
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Inclusion/Exclusion Criteria

Acrticles identified by the search strategy described previously were evaluated to identify
those that met the following inclusion criteria: (1) patient population predominantly under
21 years of age; (2) CT temporal bone, head, or neck performed for diagnostic purposes; (3)
outcome measured in terms of the proportion of those undergoing CT who developed
subsequent malignancies or the relative risks of those undergoing CT for subsequent
malignancies. Prospective, retrospective, comparative studies, case series, and mathematical
modeling analyses were included. Articles were excluded if (a) patients were predominantly
over 21 years of age; (b) patient populations had plain film radiography or MRI rather than
CT; (c) no quantitative data were presented; (d) cone beam CT for dentistry (which has
lower radiation dose than a standard CT) was utilized; (e) hypocycloidal, linear, or X-ray
tomography was utilized, rather than standard CT; (f) positron emission tomography was the
diagnostic study assessed; (g) the study population was already afflicted with malignancy at
the outset; or (h) they were isolated case reports. Case reports were defined according to a
standard definition of a “single clinical observation whose principal purpose is to generate
hypotheses regarding human disease or provide insight into clinical practice.”29:30 This
process yielded 16 studies that met our inclusion criteria.

Data Extraction

Extracted data included (1) the estimated risk of subsequent malignancies associated with
CT, (2) counts and types of malignancies/neoplasms identified or predicted after CT, and (3)
the P value, confidence interval, or standard error of the mean as reported. Data collection
also included multiple potential sources of heterogeneity or bias among studies: (a) the age
group investigated, (b) any predictive model utilized, (c) the method of calculating risk, and
(d) study design with potential confounders. Two reviewers corroborated extracted data
independently using standardized tables.

Quantitative Data Analysis

Results

An a priori plan was developed to determine whether pooling data from the subset with
directly measured patient exposures and outcomes were appropriate, but given baseline
differences among the two such criteria-meeting studies, as well as the small number of
non-mathematical modeling studies meeting criteria, no pooled analysis was performed.
Numbers needed to harm were calculated according to standard definitions according to the
absolute risk increase.

Study Characteristics

A total of 16 criteria-meeting studies were included.>8:31-44 One study** focused on the
subset of temporal bone and sinus CTs, but all included data specific to head and neck
imaging. There were 2 historical cohort studies (n = 858,815 patients)31 and 3 other studies
using primary data (n = 875 patients), among which 2 studies used patient data from case
series33 and 1 study used data from a prospective patient database.32 Eleven studies
mathematically modeled data from published dose and risk rates,8:3%40:42-44 g ch as those
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provided in the Biological Effects of lonizing Radiation (BEIR) reports by the National
Academy of Sciences committee.

Highest Level of Evidence: Primary Human Data for Both Exposure and Outcome

Two studies reported primary human data for both patient exposure and outcome (Table 1).
Most recently, Mathews et al3! described a historical cohort study of 680,211 children
exposed to CT in comparison with 10,939,680 without exposure. The mean time to follow-
up was 9.5 years in the exposed group and 17.3 years in the unexposed group. Relevant to
otolaryngological imaging, the authors evaluated a cohort with facial CTs and with neck/
spine CTs. The incidence rate ratio (IRR) of all cancers combined after facial CT
demonstrated a borderline significant elevation in risk 1.14 (95% Cl, 1.01-1.28). When
specific types of malignancies were considered, the subsequent incidence of thyroid and
brain malignancies after facial CT was likewise significantly increased, but the associated
confidence intervals approached the null (IRR = 1.53; 95% ClI, 1.05-2.22; and IRR = 1.60,
95% ClI, 1.04, 2.47, respectively). The risk of leukemia, lymphomas, melanoma, soft tissue
malignancies, and other solid cancers showed nonsignificant results.

Among children who underwent neck/spine CT, there was a borderline increase in risk of all
cancers (IRR =1.13; 95% Cl, 1.00-1.28), and the incidence of thyroid malignancy was
significantly elevated (IRR = 1.78; 95% ClI, 1.24-2.58). There was no significant increase in
risk in leukemia, lymphomas, brain malignancies, melanoma, soft tissue, and other solid
cancers. As this was a larger study not limited to head and neck imaging, absolute excess
risks and estimated radiation doses specific to facial or neck/spine CTs were not reported.

These specific measures were, however, reported in the authors’ analysis of brain
malignancies, which was a greater focus of the study. The IRR of all cancers combined after
exposure to brain CT was significantly elevated (1.23; 95% CI, 1.18-1.29), and the absolute
excess incidence rate for brain cancer was reported as 2.97 (95% Cl, 2.28-3.66) per 100,000
person-years. The authors estimated that if all excess brain cancers after a brain CT were
considered attributable to the imaging alone, then 1 brain malignancy would occur after
approximately 4000 brain CTs (estimated average brain dose 40 mSv per scan). For brain
and for all cancers combined, IRRs were highest for CT exposures in the youngest children
(<5 years of age) and decreased with increasing age at first exposure (P < .001). The IRR
also increased by 0.16 (95% CI, 0.13-0.19) with each additional CT scan (P < .001 for
trend).

Similarly, Pearce et al® conducted a historical cohort study, including an evaluation of the
incidence of brain tumors after head CT (n = 176,587) and leukemia after CT (n = 178,604).
They studied patients who were first exposed to CT before 22 years of age and tracked their
cancer incidence and mortality over 5 to 23 years. The relative risk (Poisson) of brain
tumors for patients receiving >50 mGy was 3.32 (95% ClI, 1.84-6.42) compared with those
receiving less than 5 mGy of radiation. The estimated excess risk of brain tumors among
patients O to 20 years of age at exposure was 0.32 cases per 10,000 exposed children. The
estimated risk in the 10 years following the exposure was reported as 1 brain tumor per
10,000 patients exposed to a 10 mGy scan at less than 10 years of age. The relative risk after
brain CT also varied with age.
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With regard to leukemia, the authors concluded that the relative risk (Poisson) for patients
receiving cumulative doses of at least 30 mGy was 3.18 (95% CI, 1.46-6.94) compared with
those receiving less than 5 mGy of radiation. The associated excess risk was 0.83 cases per
10,000 exposed children. The estimated risk in the 10 years following the exposure was
reported as 1 leukemia per 10,000 patients exposed to a 10 mGy scan at less than 10 years of
age. For leukemia, the dose response did not vary between age at exposure, time since
exposure, sex, or other covariates.

Estimates of Risk Using a Combination of Patient Data and Calculated Projections

Three studies32-34 employed patient data and mathematical modeling in estimating the risk
of malignancies associated with CT (Table 2). The studies collected information on the
amount of radiation absorbed by pediatric patients and extrapolated theoretical risks of
cancer induction using previously published data from the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR), the BIER reports from the
National Academy of Sciences committee, or the IMPACT CT dosimetry spreadsheets (St
George’s healthcare NHS Trust, London). Muchow et al32 compared the radiation from
cervical spine CT versus plain film radiographs and estimated that the excess relative risk of
thyroid cancer was 13% (range, 10%-66%) for males and 25% (range, 8.0%-116.0%) for
females. King et al33 estimated that the lifetime attributable risk (LAR) of excess cases of
cancer was highest in the youngest age groups and also varied significantly between
institutions in this bi-institutional study. Lastly, Fletcher et al34 calculated that for 2 infant
patients (<1 year of age) with skin ionizing radiation doses of 63 mGy, such doses might be
associated with as high as a 1 in 300 chance of causing malignant disease.

Estimates of Risk from Mathematical Models

Eleven studies used various mathematical models to estimate both effective exposure and
cancer risks associated with CT radiation (Table 3). Four studies focused on estimating the
risk of thyroid cancer after CT scan. Mazonakis et al** was the only study to specifically
delineate ear-related imaging; the lifetime attributable risk for thyroid cancer induction in
“inner ear” CT was 4 to 8 per 1,000,000. The authors also calculated estimates for the LAR
of thyroid cancer after brain and neck spiral CTs; these studies were associated with 36 to 65
and 114 to 390 episodes per 1,000,000 patients, respectively. Mahajan et al®> estimated that
the lifetime attributable risk of thyroid malignancy when exposed to parathyroid 4-
dimensional CT (range, 0-15 years of age) was higher: 30 to 583 per 100,000 exposed
(highest in female infants). Jimenez et al*! calculated the excess relative risk of thyroid
cancer after head CT to be 0.03 at 1 year of age and 0.02 at 5 years of age. Lastly, Schonfeld
et al3’ estimated the mean excess lifetime thyroid cancer risk after head and C-spine CTs for
females and males at 0, 1, 5, and 10 years of age to be from 0 (95% ClI, 0-1) to 33 (95% ClI,
7-102) per 10,000, predicting the highest risks for the youngest, female patients.

Six other studies provided mathematical estimates for the LAR of all malignancies
associated with CT. Brenner et al® in 2001 multiplied age-dependent lifetime cancer
mortality risk (per unit dose) utilizing estimated age-dependent organ doses (published data
from the BEIR V report), concluding that among the 600,000 children younger than 15 years
undergoing CT annually in the United States, approximately 500 (0.083%) might ultimately
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die from malignancy to the exams’ radiation (Figure 3). Combining Brenner et al’s8
estimates of lifetime risk of radiation-induced fatal cancer with other data from the
literature, Stein et al*2 calculated that the lifetime risk of radiation-induced cancer tumor and
fatality is highest for the youngest ages of exposure (0.22% tumor and 0.07% fatality for a
single head CT at 1 year of age). More recently, Berrington et al*0 estimated mean lifetime
cancer risk is 0.04% to 0.09% per head CT, utilizing BEIR VIl data and age- and sex-
specific scan frequencies. Pflugbeil et al38 reported an induced incidence of 0.24 brain
tumors per 1000 CT scans in children annually, using epidemiological data and studies of
neoplasm induction after radiotherapy to model risk. Chodick et al*3 applied Brenner et al’s8
method to estimate cancer mortality attributable to CT examinations in patients under 18
years of age and projected the annual number of excess lifetime cancer deaths attributable to
pediatric CT to be highest in the youngest children (0.48 for girls, 0.78 for boys), declining
with age. Feng et al3? estimated the LAR of cancer from head CT in 5-year-olds to be
0.015% in boys and 0.0366% in girls.

The remaining study specifically examined the impact of repeated CTs; Koral et al38
evaluated the impact of 2 head CTs per year from the time of diagnosis of hydrocephalus to
20 years of age and reported excess lifetime fatal malignancies of 1 in 230 patients for low
dose CTs and 1 in 97 patients for high dose CTs.

Discussion

The data from this systematic review suggest that the null hypothesis is disproved; they
imply that there is an impact of head and neck CT scan on subsequent risk of malignancy.
Data regarding the magnitude of the effect of otolarygological imaging (ie, temporal bone,
sinus, neck) is limited, although reports provide more detailed descriptions of head/brain
CT.

In brief, the strongest data came from 2 human cohort studies,>3! both of which reported
data from head/brain CTs and 1 of which reported results after facial and neck/spine CT.
Reported incidence rate ratios suggested a significant increase in the incidence of thyroid
malignancy after neck/spine CT and significant but near borderline increases in the risk of
all cancers after either facial or neck/spine CT. Results for brain cancers after brain CT were
reported in more detail in both studies; 1 estimated that if every excess brain cancer after
brain CT was attributable only to the imaging itself, then approximately 1 in 4000 brain CTs
in children would be followed by a malignancy (mean estimated brain dose 40 mSv per
scan).3! The additional cohort study® estimated that the risk in the 10 years following CT
was 1 brain tumor per 10,000 patients exposed to a 10 mGy scan at less than 10 years of age.

Additional reports contained less directly clinically applicable data in that their results were
based on calculated projections and mathematical modeling. While these publications
constitute the bulk of the reports, the data are more theoretical in nature and were thus less
emphasized. One study based on mathematical modeling evaluated “inner ear” CT and
calculated a lifetime risk for thyroid cancer of 4 to 8 per 1,000,000.44 The same study also
analyzed sinus CT with a predicted risk of 20 to 36 thyroid malignancies per 1,000,000.
Another group reported on the lifetime attributable risk of thyroid cancer mathematically
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modeled after 4-dimensional parathyroid CT and demonstrated risks ranging from 1.9 to
58.3 per 1,000,000 cases, depending on gender and age.3% Another report also suggest an
elevated risk of thyroid malignancy after C-spine CT.32

Overall, temporal bone, sinus, and neck CTs are anticipated to confer a lower radiation dose
than brain CTs.#4 Accordingly, facial and neck/spine CTs were associated with a lower
incidence rate ratio for brain malignancy than brain CTs in a large historical cohort study.3!
Given that the risk of malignancy increases with increased radiation exposure, it may be
inferred that risks with temporal bone, sinus, and neck studies are less than those in the
presented studies of brain imaging, although the direct data to support the absolute risk
increase of otolaryngological images are limited.

The age-specific impact of radiation is well documented®12; for example, the estimated
attributable risk of death from cancer from a single head CT is highest for the youngest
patients®>6:31 and rapidly declines after 20 years of age.® The highest risks were observed in
children less than 5 years of age and appear to be exponentially higher among infants less
than 1 year of age (Figure 3).568 This age dependence may be due to the dose relative to
body size as well as inherent age-specific risks per unit dose.8:10.12 Moreover, children have
a longer life expectancy than adults, and so the window of time for malignancies to appear is
larger.6.9.10 These data suggest that when possible, there may be some attenuation in risk by
waiting until children are in an older age group to obtain a study; more specifically, it may
be beneficial to wait to obtain a scan until the information gleaned will affect management
decisions, although this concern must clearly be weighed against potential harms from
delays in diagnosis.

We next present an expository discussion of radiation effects according to expressed
interest. Radiation effects are of 2 types: cumulative and stochastic.4® Cumulative effects
(also known as deterministic effects) occur with a high dose in a short period. In an extreme
circumstance, such as with radiation therapy, it may be associated with tissue necrosis or
hair loss. These effects are expected based on a threshold dose and are typically not seen
with radiological interventions, except perhaps in the form of skin changes after very long
interventional procedures. Stochastic effects, in contrast, occur in low doses over a long
period of time. In fact, the effects may be seen over a wide range of doses, and the severity
of the effect is not clearly related to a threshold dose. CT scans, chest X-rays, and
mammograms, for example, may be done at long intervals over a period of many years and
over time, the radiation for these serial studies accumulates, although it may cause less
immediately noticeable changes. There may be unseen effects, and it is not always clear that
the effects are strictly additive. In order to understand the difference between the 2 types,
consider the following analogy from nature: A beach may be eroded quickly with sudden
clearly defined force, such as after a hurricane (ie, cumulative), or it may be eroded slowly
by the repetitive impact of a range of varying and less powerful waves (ie, stochastic).

Increasing our understanding of the data regarding radiation-related risks associated with
pediatric CT of the head and neck furthers our ability to engage in meaningful conversation
with families when these diagnostic studies are considered; such discourse may occur with
increased frequency now that such risks have become headline topics in nonmedical forums.
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The potential benefits from the diagnostic yield of CT as an integral part of
otolaryngological care are certainly also of grave importance and have been addressed in
other related manuscripts. Combining an evidence-based understanding of potential risks

Wi
ca
he

th knowledge of the potential diagnostic yield of such imaging will help improve
regivers’ ability to make shared, informed decisions when considering CT scan of the
ad and neck in infants, children, and adolescents.
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Figure 3.

Estimated lifetime CT-attributable cancer mortality risks as a function of age and gender.
Risk increases exponentially with decreased age, particularly among the youngest age group.
Reprinted from: Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiation-
induced fatal cancer from pediatric CT. AJR Am J Roentgenol. 2001;176(2):289-296, with
permission from the American Journal of Roentgenology.
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