S
=
-
—=—
L
=
=
(=]
(X
=]
—
<<
(7]
=
—
—
11
e

|

—

=

cc
(=)

=

2

Note: This copy is for your personal non-commercial use only. To order presentation-ready
copies for distribution to your colleagues or clients, contact us at www.rsna.ovglrsnarights.

Cancer Risks from CT Scans:
Now \We Have Data, What Next?"

David J. Brenner, PhD, DSc
Eric J. Hall, DPhil, DSc

Published online before print

10.1148/radiol. 12121248 Content codes:

Radiology 2012; 265:330-331

1From the Center for Radiological Research, Columbia
University Medical Center, 630 W 168th St, New York, NY
10032. Received June 20, 2012; revision requested

July 13; revision received July 23; final version accepted
August 1. Address correspondence to D.J.B. (e-mail:
djb3@columbia.edu).

Conflicts of interest are listed at the end of this article.

©RSNA, 2012

t has been more than a decade since

two articles were published that drew

the attention of the wider community
to the radiation exposures associated
with pediatric computed tomography
(CT) (1,2). One of the articles pointed
out that most pediatric CT scans were
being performed with adult-based set-
tings, resulting in a higher radiation dose
than was necessary in children who un-
derwent CT scans (2). The other article
(1) provided the first quantitative esti-
mates of radiation risks associated with
pediatric CT. The following day, the story
hit the front page of USA Today, and the
world of CT changed dramatically.

CT is a remarkable modality. It en-
ables better surgery, better diagnosis and
treatment of cancer, better treatment af-
ter injury, better treatment of stroke, and
better treatment of cardiac conditions
(3). Nonetheless, the suggestion that
there might be some potential downside
in terms of cancer risks has been vigor-
ously challenged by many in the field (4-
7). For example, a recent position paper
from the American Association of Phys-
icists in Medicine (5) states the follow-
ing: “Risks of medical imaging at effective
doses below 50 mSv for single procedures
or 100 mSv for multiple procedures over
short time periods are too low to be de-
tectable and may be non-existent.”

The original risk estimates for pe-
diatric CT (1) were derived from stud-
ies of exposed Japanese atomic bomb
survivors (8). Clearly, there are many
differences between a CT scan and an
atomic bomb exposure; however, about
30000 atomic bomb survivors who were
located several miles from the bomb epi-
center did indeed receive organ doses
comparable with those from a few CT
scans and did show a significant increase
in cancer risk (9). Of course, CT scans
are typically focused on a particular part
of the body, whereas atomic bomb ex-
posure was to the whole body. As far
as possible, these differences were taken
into account when estimating CT scan
risks; however, the prediction that there
is a small but real cancer risk associated
with radiation exposure from CT did not
convince everyone.

Now the first results of the first of
several ongoing epidemiologic studies
of pediatric CT recently have been pub-
lished by Pearce et al (10). The authors
identified 180000 patients who had un-
dergone about 280000 CT scans in the
United Kingdom between 1985 and 2002
when they were younger than 22 years
of age. First, they estimated individual
brain and bone marrow doses for every
patient. Next, they ascertained the sub-
sequent cancer history of these 180000
patients until 2008 by using the UK Na-
tional Health Service Registry—a study
that can be done in the United Kingdom
and in various other countries but that
would be extraordinarily difficult to do in
the United States! The authors restricted
their initial study to leukemia and brain
tumors because these are the cancers
that might be expected to appear first in
irradiated children (11,12), and as best
as they could, they eliminated patients
who might have had cancer at the time
of CT.

The bottom line (10) is that there
were significant linear associations be-
tween the radiation dose to the brain
and the brain tumor risk (P < .001), and
between the bone marrow dose and the
leukemia risk (P = .01). The risks were
small, but they were undoubtedly real,
with no obvious confounders of risk ei-
ther for leukemia or for brain tumor
(13). How small is small? Pearce et al
(10) estimated that one head CT scan
performed in the 1st decade of life would
produce approximately one excess case
of leukemia and one excess brain tumor
per 10000 patients who underwent CT, in
the 1st decade after exposure.

Now that we have some data, what
can we conclude?

First, it is clear that we have now
passed a watershed in our field, where
it is no longer tenable to claim that CT
risks are “too low to be detectable and
may be non-existent” (5). A large well-
designed epidemiologic study has clearly
shown that the individual risks are small
but real.

A second conclusion follows from the
fact that the estimated CT-related can-
cer risks are very small: It follows that
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if a CT examination is clinically justified,
there is no doubt that its benefits will by
far exceed its risks; there is no need for
complicated benefit-risk calculations; this
provides reassurance for the patient and,
of course, the physician.

That being said, these new epidemi-
ologic data do not yet give us the com-
plete picture. The follow-up time in the
Pearce et al study (10) was, on average,
about 10 years, but from longer-term
studies of other irradiated populations
(12,14), we know that many radiation-
induced cancers will not appear until 20,
30, or 40 years after exposure. Given a
follow-up time of 10 years, about 30%
(14) of the ultimate yield of radiation-
induced leukemias probably have not
yet appeared in the Pearce et al (10) co-
hort, while the proportion of radiation-
induced brain tumors yet to appear in
the cohort may be as high as 90% (12).
We can use these numbers to roughly
convert the 10-year risks from a head
CT scan estimated by Pearce et al (10) to
lifetime risks; thus, the reported 10-year
1-in-10000 risk for leukemia might ulti-
mately become a 1-in-7500 lifetime risk,
and the reported 1-in-10000 10-year risk
for brain tumor might ultimately become
a 1-in-1000 lifetime risk.

In fact, these lifetime risk estimates
for CT based on the epidemiologic data
are not so far from the various lifetime
risk estimates derived from atomic-bomb
survivor data that have appeared in the
past decade: For example, Brenner et al
(1) used organ doses and atomic bomb
survivor data and estimated a lifetime
leukemia risk of about 1 in 10000 for
pediatric head CT (compared with the
1 in 7500 lifetime risk estimate based
on the data of Pearce et al [10]) and an
estimated lifetime brain tumor risk of
about 1 in 2000 (compared with the 1
in 1000 lifetime estimate based on the
data of Pearce et al [10]). It follows that
the standard method of estimating radio-
logic risks—estimating organ doses and
applying atomic bomb survivor data—
yields fairly reasonable results at CT-like
doses. This is fortunate, given that we
will need to wait several more decades
for epidemiologically based lifetime risk
estimates, and so we will remain reliant
on this standard risk estimation method
for many years to come.

In addition to the issue of follow-up,
a second aspect where the new epidemi-
ologic data do not yet tell us the complete
picture is in the range of cancer types

studied. Pearce et al (10) wisely chose to
study two malignancies that have shorter-
than-typical latency periods in irradiated
children, but follow-up of other radio-
genic tumors is needed before we can see
the complete picture.

The third aspect where the new data
do not yet provide the complete picture
relates to adult CT: The Pearce et al (10)
study was for only pediatric CT, which is
not unreasonable as the individual risks
are almost certainly higher for pediatric
scans than for adult scans; however, more
than 90% of all CT scans are performed
in adults (13), so the larger number of
adult scans will almost certainly outweigh
their smaller individual risks (16) from
the perspective of population risk.

In summary, 10 years after the sug-
gestion (1) that CT scans might produce
a small cancer risk, Pearce et al (10) have
shown that this is almost certainly the
case, and they have confirmed the numer-
ical magnitude of the risks; more com-
plete epidemiologic studies are needed
and several are indeed in progress (17),
but in the interim, estimation of medical
radiation risks based on atomic bomb
survivor data appears to yield reasonable
results. The new risk estimates clearly
enable us to confirm that for every clini-
cally justified CT scan, the benefit by far
outweighs the risk. That being said, far
too many clinically unnecessary CT scans
are still being performed—these number
in the tens of millions each year in the
United States (18,19)—and here the ben-
efit will not outweigh the risk. It is hoped
that the publication of this landmark arti-
cle (10) will provide an added stimulus to
justify every medical imaging procedure,
both in children and in adults.
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