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Radiation Risks of Medical
Imaging: Separating Fact
from Fantasy1
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During the past few years, several articles have appeared
in the scientific literature that predict thousands of can
cers and cancer deaths per year in the U.S. population
caused by medical imaging procedures that use ionizing
radiation. These predictions are computed by multiplying
small and highly speculative risk factors by large popula
tions of patients to yield impressive numbers of “cancer
victims.” The risk factors are acquired from the Biological
Effects of Ionizing Radiation (BEIR) VII report without at
tention to the caveats about their use presented in the
BEIR VII report. The principal data source for the risk
factors is the ongoing study of survivors of the Japanese
atomic explosions, a population of individuals that is
greatly different from patients undergoing imaging proce
dures. For the purpose of risk estimation, doses to patients
are converted to effective doses, even though the Interna
tional Commission on Radiological Protection warns against
the use of effective dose for epidemiologic studies or for
estimation of individual risks. To extrapolate cancer inci
dence to doses of a few millisieverts from data greater
than 100 mSv, a linear no-threshold model is used, even
though substantial radiobiological and human exposure
data imply that it is not an appropriate model. The predic
tions of cancers and cancer deaths are sensationalized in
electronic and print public media, resulting in anxiety and
fear about medical imaging among patients and parents.
Not infrequently, patients are anxious about a scheduled
imaging procedure because of articles they have read in
the public media. In some cases, medical imaging exam
inations may be delayed or deferred as a consequence,
resulting in a much greater risk to patients than that asso
ciated with imaging examinations.
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T

he use of medical imaging to depict
and help diagnose illness and injury
and to guide therapeutic interven
tions into disease and disability has ex
panded greatly during the past 2 decades.
Today, imaging is ubiquitous in health
care, and patients with a wide spectrum

Essentials
nn Estimates of cancers and cancer
deaths resulting from medical im
aging procedures that use ionizing
radiation are computed by multi
plying very small hypothetical
risks by large patient populations
to yield thousands of “cancer
victims.”
nn The hypothetical, highly specula
tive risks are obtained from tab
ulations in the Biological Effects
of Ionizing Radiation VII report
based primarily on data from
survivors of the Hiroshima and
Nagasaki atomic explosions, a
population greatly different from
patients experiencing medical
imaging.
nn To estimate the risks at low
doses delivered by medical im
aging from data greater than 100
mSv acquired from the Japanese
studies, the linear no-threshold
model of radiation injury is used,
even though considerable evi
dence suggests that it is an inap
propriate model for risk
estimation.
nn Publications that estimate can
cers and cancer deaths caused
by medical imaging are fre
quently sensationalized by elec
tronic and print public media,
resulting in considerable public
anxiety and fear about medical
imaging.
nn On some occasions, the fear and
anxiety results in reluctance to
accept imaging procedures, even
though the risk of a deferred ex
amination creates a much
greater risk than that related to
radiation from the procedures, if
any risk exists at all.
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of afflictions benefit from imaging proce
dures. As two snapshots, computed to
mographic (CT) examinations in the
United States increased from 26 million
in 1998 to more than 70 million in 2008,
and nuclear medicine procedures in
creased from 12 million to almost 20 mil
lion during the same period (1). Imageguided interventional procedures have
shown a similar rapid rise, as have ultra
sonography and magnetic resonance ex
aminations. The rapid rise in the utiliza
tion of medical imaging is very good
news, because it implies that imaging
procedures are continuously being devel
oped and used in new and expanded
ways for the benefit of patients. Today,
medical imaging is essential to the care of
most patients in the United States, and a
similar dependence is apparent in devel
oped countries around the world.
Many imaging modalities deploy ion
izing radiation, and, as a consequence,
the exposure of patients to radiation has
increased as medical imaging has ex
panded. In the early 1980s, the yearly
per capita radiation dose was 3.6 mSv
averaged over the U.S. population. Med
ical radiation contributed only 0.54 mSv
to this annual dose, with the remainder
coming from radon, soil, construction
materials, and cosmic rays. In 2006,
medical radiation contributed 3 mSv to
the annual dose, raising the per capita
dose to 6.2 mSv averaged over the U.S.
population (1). The medical and total
doses to an average individual in the
U.S. population in the early 1980s and
2006 are compared in Figure 1. The in
crease in average per capita radiation
dose reflects technologic advances and
increased applications of medical imag
ing that have the potential to benefit
more patients each year.
The increased exposure of patients
to medical radiation has caused some au
thors to predict thousands of radiationinduced cancers and cancer deaths in
the U.S. population in future years. In
2007, Brenner and Hall (2) estimated
that in the future 1%–2% of all cancers
in the United States will be caused by
CT studies, and Berrington de González
et al (3) predicted in 2009 that 29 000
additional cancers and 14 500 cancer
deaths will be caused by CT examina
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tions each year. These predictions, and
several others like them (4–6), raise
some fundamental questions: (a) What
are the data that led to these numbers,
and how dependable are these data? (b)
Just how firm or speculative are these
predictions, and how much attention
should be given to them? The explora
tion of these questions is the intent of
this article. The questions are impor
tant because the popular press recog
nizes the sensational nature of the pre
dictions and exploits it in electronic and
print media. This sensationalism pro
vokes anxiety in patients and families (7),
which may make them reluctant to agree
to imaging procedures that would very
much be in their best interests.
Predictions of the effects of low doses
of ionizing radiation should disclose all
of the limitations in the current state
of knowledge about low-dose radiation
effects. The argument that it is better
to err on the “safe” side in predicting
health effects can distort the public’s
perception of the risk of low doses of
radiation. After the Chernobyl nuclear
reactor accident in 1986, for example,
15 million people in Belarus, Ukraine,
and Russia exhibited psychosomatic dis
orders that were not attributable to phys
ical effects induced by radiation expo
sure (8–10). Instead, the disorders were
linked to the popular belief that any
amount of radiation, no matter how min
iscule, can cause bodily harm.

Data Sources
Several epidemiologic studies during the
past 6 decades have attempted to docu
ment the health consequences of expo
sure to low levels of ionizing radiation.
Data sources for these studies can be
divided into four categories: atomic bomb
survivors in Hiroshima and Nagasaki
(Radiation Effects Research Foundation
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Figure 1

Figure 1: Average effective dose per capita to the U.S. population from major sources of exposure. (a) Effective dose (percentage of total) in early 1980s. (b) Effective dose (percentage of total) in 2006. (Reprinted, with permission, from reference 1.)

[RERF] data) (11), persons exposed to
medical radiation, workers in radiation
and nuclear industries, and populations
exposed to environmental radiation,
including the Three Mile Island acci
dent and Chernobyl. During this 6-de
cade period, the U.S. National Acad
emy of Sciences has commissioned a
series of reports to study the health
effects from exposure to low levels of
ionizing radiation. These studies are
referred to as the Biological Effects of
Ionizing Radiation (BEIR) reports. The
latest in this series of reports (BEIR VII
report) (12) examines all four categories
of data but places by far the greatest
emphasis on the RERF data.
The RERF studies of the Japanese
atomic bomb survivors are the major
source of what is known about the health
consequences to individuals exposed to
ionizing radiation. The RERF data and
the models of radiation injury developed
by the RERF scientists form the back
bone of the BEIR VII report (12). It is
from the summary tables of radiation
risk in the BEIR VII report that pro
jections of cancer incidence and death
are made for medical exposures in the
United States. Hence, an analysis of the
assumptions and limitations of risk esti
mates derived from BEIR VII must in
clude a review of the RERF studies
from which BEIR VII is derived.
314

The RERF program has followed
120 000 survivors of the atomic bomb
blasts, including 93 000 who were in
Hiroshima or Nagasaki when the explo
sions occurred, and 27 000 residents
who were not in the cities at the time
of the explosions. The latter individuals
received no radiation exposure and are
usually excluded from studies of health
effects in the exposed populations. Both
sexes and all ages are included in the
RERF data. The average dose to the
exposed individuals is estimated to be
200 mSv, with the following approxi
mate dose distributions: 0–5 mSv,
37 000 subjects; 5–100 mSv, 32 000 sub
jects; and 100–2000 mSv, 17 000 sub
jects (13). The RERF data provide sta
tistically significant evidence of an
increased incidence of various types of
cancer in Japanese survivors receiving
whole-body doses of 100 mSv or more.
At dose levels greater than 100 mSv,
there is little disagreement in the scien
tific community about the detrimental
effects of instantaneous radiation expo
sures to the Japanese survivors. At less
than 100 mSv, it is not possible to iden
tify an increased incidence of cancer
with any degree of statistical confidence
compared with the normal incidence of
cancer in the exposed populations.
It is a challenge to extrapolate health
effects in the Japanese populationsto the

possible health consequences of low-level
exposure to radiation from medical im
aging procedures. Cancer incidence in
Japan today is very different from can
cer incidence in the United States. For
example, breast cancer in women is ap
proximately three times more prevalent
in the United States than in Japan,
whereas stomach cancer is approxi
mately 10 times more prevalent in Japan
than in the United States (14). In addi
tion, cancer rates in the Japanese popu
lation in the 1940s were probably differ
ent from those in Japan today. Exposures
from medical imaging are from x-rays
and gamma rays of relatively low energy,
often administered intermittently as a
consequence of multiple procedures,
whereas the atomic blasts exposed
Japanese residents instantaneously to
high-energy gamma rays, neutrons, and
charged particles. The Japanese survi
vors were exposed to whole-body radia
tion and to radioactive fallout, whereas
medical exposures are confined (with
the exception of nuclear medicine) to
external irradiation of specific regions of
the body. Food in Hiroshima and Naga
saki was limited, and much of the popu
lation was malnourished and of compro
mised health, which may have amplified
the effects of the radiation. The bombs
created hazards for the population in ad
dition to radiation, including intense
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Figure 2

Figure 3

Figure 2: Graph shows risk estimates from medical studies of radiation to the
lung. Data points = average values of excess relative risk (ERR) from individual
studies (BEIR VII, table 7-2). Weighted average value from these studies, value
chosen by BEIR VII committee (BEIR VII, table 12-2), and value obtained by
RERF investigators (BEIR VII, table 6-2) are shown. Error bars = standard deviation. (Adapted and reprinted from reference 12.)

heat and pressure, fire, flying debris,
and psychologic terror. After the bomb
blasts, medical care was extremely
limited, and many people died of injuries
and exposures that would have been sur
vivable under better circumstances.
These factors make the Japanese survi
vors very different from patients under
going medical procedures in the United
States and compromise the relevance of
the extrapolation of health effects from
one population to the other.
Other than the RERF data, most of
the population studies have revealed no
or much smaller demonstrable health
effects of radiation exposure (12). The
few that have shown some effect (eg,
increased thyroid cancer in children ex
posed in utero downwind of Chernobyl,
increased likelihood of cancer in per
sons receiving multiple doses of radia
tion from an extended series of medical
procedures) are associated with rela
tively high radiation doses to specific
organs (15,16). Studies of 500 000 oc
cupationally exposed workers in the nu
clear industry over many years even
demonstrated reduced cancer in the
Radiology: Volume 264: Number 2—August 2012
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Figure 3: Graph shows risk estimates from medical studies of radiation to the
breast. Data points = average values of excess absolute risk (EAR) from individual studies (BEIR VII, table 7-3). Weighted average value from these studies,
value chosen by BEIR VII committee (BEIR VII, table 12-2), and value obtained
by RERF investigators (BEIR VII, table 6-2) are shown. Error bars = standard
deviation. (Adapted and reprinted from reference 12.)

exposed individuals, a result
termed the “healthy worker effect”
and attributed to the arguable possi
bility that the exposed population is
in better health than the population
at large (17,18). The BEIR VII re
port largely excludes all of these
studies from its analyses on the ba
sis that they are unsuited to the de
velopment of population-based risk
estimates.
Another potential source of in
formation on the effects of radiation
exposure is patients who received
relatively high doses of radiation
during medical procedures. How
RERF data compare with data from
patients can be determined from
BEIR VII (Section 7: Medical Radia
tion Studies) (12). Figures 2 and 3
show modified versions of figures 7-1
and 7-2 taken from tables 7-2 and
7-3 of the BEIR VII report. These fig
ures summarize the results of vari
ous studies that document increased
cancer incidence in the lung and
breast from radiation administered
usually for therapeutic purposes.

radiology.rsna.org

Figure 2 depicts the ERR of lung cancer
per gray of absorbed dose as a function
of the organ dose reported in each
study, and Figure 3 depicts the EAR of
breast cancer per gray of absorbed
dose as a function of the organ dose
reported in each study. (Definition and
discussion of EAR and ERR are in the
Risk Models section.) In a perfect
world, all studies would yield similar
values for the ERR per gray and EAR
per gray. Superimposed on the graphs
are values of ERR per gray and EAR per
gray derived from the RERF data, the
value selected by the BEIR VII commit
tee, and weighted averages based on the
medical radiation studies. (Results
were weighted by the number of cases
reported in a study, because studies
with small numbers had the largest sta
tistical errors.) The BEIR VII values
were weighted heavily in favor of the
RERF data, even though the total numbers
of cases reported for lung and breast
cancer in the medical radiation studies
exceeded those reported in the RERF
data (1855 vs 1264 for lung cancer and
2284 vs 278 for breast cancer). For
315
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Figure 4
Figure 4: Graph shows models for extrapolating radiation-induced cancer risk to
low doses (dashed line and curves). Linear
no-threshold (LNT) model = dashed
straight line.

both cancers, the BEIR VII values were
considerably higher than those from the
medical radiation studies. That is, med
ical radiation studies that are closer in
both ethnicity and dose levels to those
of the patient population undergoing
medical imaging yield risk factors that
are substantially lower than those re
ported from the RERF data. These find
ings challenge the validity of extrapolating
health effects from the Japanese survi
vors to those for patients undergoing
medical imaging.

Linear No-Threshold Hypothesis
Cancers caused by radiation cannot be
differentiated from cancers that occur
spontaneously in a population and hence
cannot be identified as radiation induced.
All that one can do is to determine if
there is an increased frequency of can
cer incidence and death in an exposed
population. RERF data provide statis
tically significant evidence of increased
cancers in Japanese survivors who re
ceived doses of 100 mSv and higher, with
the cancer incidence appearing to increase
linearly with dose. At less than 100
mSv, an increase in radiation-induced
cancers, if any, is too small to be distin
guishable from cancer incidence due to
all causes. Consequently, a model must
be deployed to extrapolate from radiationinduced cancers at doses greater than
100 mSv to a hypothetical and much
smaller number of cancers induced by
doses of a few millisieverts delivered
during medical imaging.
316

Various models for extrapolating can
cer risk to low doses of radiation are
illustrated in Figure 4. The model used
most widely is the LNT model. This
model is not chosen because there is
solid biologic or epidemiologic data sup
porting its use. Rather, it is used be
cause of its simplicity and because it is
a conservative approach (ie, if it is not
correct, then it probably overestimates
the risk of cancer induction at low doses)
(19). For the purpose of establishing
radiation protection standards for occu
pationally exposed individuals and mem
bers of the public, a conservative model
that overestimates risk is preferred over
a model that underestimates risk.
The LNT model for radiation effects
first appeared in the 1920s in Hermann
Muller’s publications of genetic muta
tions in Drosophila (fruit flies) induced
by exposure to x-rays. Muller was
awarded the 1946 Nobel Prize in Physi
ology or Medicine, and in his accep
tance speech (20), defended the use of
the LNT model for the mutagenic ef
fects (mutagenesis) of x-rays. At that
time, there was substantial evidence
that the LNT model was inappropriate
for x-ray–induced mutations and that a
threshold appeared to exist below
which mutations did not occur. Muller
ignored this evidence in his acceptance
speech, as documented by Calabrese
(21).
In 1956, the first report was issued
from the National Academy of Sciences
Committee on the Biological Effects of
Ionizing Radiation (BEIR I report). At

that time, genetic mutations were thought
to be the major consequence of radiation
exposure, primarily because of Muller’s
studies. The BEIR committee engaged
Muller as a consultant to help model
these radiation effects in humans. At
Muller’s urging, the committee adopted
the LNT model to describe the possible
genetic effects of radiation at low doses.
Subsequent study of the Hiroshima
and Nagasaki populations over many
years has revealed no genetic effects of
radiation in the offspring of survivors.
However, increased cancer incidence
has appeared in the survivor population
after receipt of instantaneous wholebody doses greater than 100 mSv. Sub
sequent BEIR committees have extended
the LNT model from mutagenesis to
carcinogenesis (the induction of can
cer) at low doses without solid biologic
or epidemiologic justification. In fact,
there is evidence that the LNT model of
radiation-induced carcinogenesis con
flicts with current understanding of the
biologic mechanisms of radiation injury at
cellular and mammalian levels (22–24).
A recent report (25) suggests that ex
posure of individuals to low-dose radia
tion may elevate the immune response
and thereby protect the individuals from
cancer. Nevertheless, the LNT model
has gained acceptance over the years as
a predictor of cancer risk at low doses
of ionizing radiation.
The BEIR VII report applies the
LNT model to doses as high as approx
imately 3000 mSv. When viewed over
such a large dose range, the LNT model
appears at first glance to be a reason
able model for estimation of risk. How
ever, medical imaging uses much smaller
doses compared with the doses ana
lyzed in the BEIR VII report. At doses
delivered at medical imaging, there is
no direct evidence that the LNT model
is an accurate predictor of cancer risk.
In 2007, Preston et al (14) published
a review of the RERF data. In this re
port, they compared cancer incidence
in the populations exposed in Hiroshi
ma and Nagasaki with that of residents
of the cities who were not in city at the
time of the bombings. This study was
published after the BEIR VII report.
Cancer incidence as a function of dose
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was presented in Table 4 of the Preston
et al study and is shown in a semiloga
rithmic plot in Figure 5, in which the
not-in-city data are designated as back
ground dose. Colon cancer is depicted
because it is commonly used as a can
cer indicator in the Japanese popula
tion. The data reveal that the incidence
of colon cancer is not increased in the
Japanese survivors who received doses
less than about 100 mSv. The data are
more consistent with a threshold-qua
dratic model of radiation-induced can
cer than with an LNT model. In fact,
Preston et al (14) noted that a thresh
old model for radiation-induced cancer
incidence fits better than an LNT
model, although the difference was not
statistically significant.

Dose Descriptors
A major problem in estimating the can
cer risk of medical imaging is to relate
the doses delivered to specific organs
during imaging to the cancer risks pre
dicted in the BEIR VII report from
RERF data for Japanese survivors re
ceiving whole-body doses. Frequently,
this relationship is attempted by ex
pressing doses from imaging proce
dures in terms of effective doses, as
depicted in Table 1. The effective dose
is computed by multiplying the dose to
each irradiated organ in a patient by a
radiation weighting factor (unity for xrays and gamma rays) and by a biologic
weighting factor specific for the organ
and summing the products for all ex
posed organs to yield the effective dose.
The effective dose is defined as the
dose which, if delivered uniformly to
the whole body, would produce the
same health consequences as those
caused by a dose delivered to one or
more specific organs.
The effective dose is a useful con
cept for developing radiation protection
standards and setting dose limits for
occupationally exposed individuals. It is
not intended for epidemiologic studies
or predictions of risk to exposed indi
viduals. Unfortunately, effective dose is
often used exactly in this unintended
manner to predict cancer incidence and
death in populations exposed to medical
Radiology: Volume 264: Number 2—August 2012
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Table 1
Adult Effective Doses for Various CT Procedures
Examination
Head
Neck
Chest
Chest for pulmonary embolism
Abdomen
Pelvis
Three-phase liver study
Spine
Coronary angiography
Calcium scoring
Virtual colonoscopy

Effective Dose (mSv)

Range in Literature (mSv)

2
3
7
15
8
6
15
6
16
3
10

0.9–4.0
…
4.0–18.0
13–40
3.5–25
3.3–10
…
1.5–10
5.0–32
1.0–12
4.0–13.2

Note.—Reprinted, with permission, from reference 26.

procedures. As the International Com
mission on Radiological Protection has
stated in publication 103 (27):
Effective dose is intended for use as
a protection quantity. The main uses
of effective dose are the prospective
dose assessment for planning and op
timization in radiological protection,
and demonstration of compliance with
dose limits for regu
latory purposes.
Effective dose is not recommended
for epidemiological evaluations, nor
should it be used for detailed specific
retrospective investigations of individ
ual exposure and risk.

Risk Models
As noted previously, the BEIR VII com
mittee gave great weight to the RERF
data. In addition, RERF personnel were
recruited to assist the committee in an
alyzing cancer incidence and mortality
and in developing risk models described
in BEIR VII. In their publications, RERF
personnel have emphasized the limi
tations in estimates of radiation risk
at low doses. For example, Pierce and
Preston have noted that at levels less
than 100 mSv, assessing cancer risks
“…greatly strains any epidemiological
investigation since, within the scope
of a study, cancer rates may vary to at
least that degree due to other risk fac
tors correlated with the exposure under
investigation” (28).

radiology.rsna.org

Figure 5

Figure 5: Graph shows number of solid cancers
as a function of absorbed dose.  = people who
were not in the cities at the time of the bombing.
(Data are from table 4 of reference 14.)

The BEIR VII committee uses two
risk models as the foundation for esti
mating the likelihood of radiation-in
duced cancer. These models are the
ERR model and the EAR model. The
ERR is the rate of disease in the exposed
population divided by the rate of disease
in an unexposed population minus 1.0,
and the EAR is the rate of disease in an
exposed population minus the rate of
disease in an unexposed population.
Risk factors from these models are then
incorporated into a final risk model, the
lifetime attributable risk (LAR) model,
to compute a risk estimate for the likeli
hood of radiation-induced cancer over
317
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Table 2
LAR of Solid Cancer Incidence
Male Patients
Cancer Site
Stomach
Colon
Liver
Lung
Breast
Prostate
Uterus
Ovary
Bladder
Other
Thyroid
Sum of site-specific
estimates
All solid cancer model**

Female Patients

LAR Based on Relative LAR Based on Absolute Combined and Adjusted LAR Based on Relative LAR Based on Absolute Combined and Adjusted
Risk Transport*
Risk Transport†
by DDREF‡§
Risk Transport*
Risk Transport†
by DDREF‡§
25
260
23
250

280
180
150
190

190

6

34 (3, 350)
160 (66, 360)
27 (4, 180)
140 (50, 380)

32
160
9
740
510 (not used)

330
110
85
370
460

43 (5, 390)
96 (34, 270)
12 (1, 130)
300 (120, 780)
310 (160, 610)

44 (, 0, 1860)

160
470
32
1400

120
350
No model
1310‖

98 (29, 330)
290 (120, 680)
21 (5, 90)
800

19
66
160
490
160
2310#

1550

1250

970 (490, 1920)

2230

81
47
100
320
No model
2060‖

20 (, 0, 131)
40 (9, 170)
94 (30, 290)
290 (120, 680)
100 (25, 440)
1310

1880

1410 (740, 2690)

Note.—Reprinted, with permission, from table 12-5A from reference 12. Data are number of cases per 100 000 persons of mixed ages exposed to 0.1 Gy. Data in parentheses are subjective
95% confidence intervals. DDREF = dose and dose rate effectiveness factor.
* Linear estimate based on ERR models shown in table 12-2 with no DDREF adjustment.
†

Linear estimate based on EAR models shown in table 12-2 with no DDREF adjustment.

‡

Estimates obtained as a weighted average (on a logarithmic scale) of estimates based on relative and absolute risk transport. For sites other than lung, breast, and thyroid, relative risk transport was

given a weight of 0.7 and absolute risk transport was given a weight of 0.3. These weights were reversed for lung cancer. Models for breast and thyroid cancer were based on data that included
Caucasian subjects. The resulting estimates were reduced by a DDREF of 1.5.
§

Including uncertainty from sampling variability, transport, and DDREF. Sampling uncertainty in the parameters that quantify the modifying effects of age at exposure and attained age is not included

except for the all solid cancer model.
‖

Includes thyroid cancer estimate based on ERR model.

#

Includes breast cancer estimate based on EAR model.

** Estimates based on model developed by analyzing life span study incidence data on all solid cancers excluding thyroid cancer and nonmelanoma skin cancer as a single category (table 12-1).

the lifetime of individuals exposed to
ionizing radiation. It is this LAR model
that has been used to predict cancer in
cidence and deaths in populations of in
dividuals exposed to medical radiation.
A large number of limitations and uncer
tainties underlie these predictions.
An illustration of the limitations in
LAR estimates is seen in Table 2 (table
12-5A from the BEIR VII report). This
table displays estimates of LAR based
on the ERR model and the EAR model.
Given that both models are based on
the same data, one might anticipate rea
sonable agreement between them. As
shown in Figure 6, this is not the case.
For example, in a population of 100 000
people exposed to 100 mGy, the LAR
based on the ERR model predicts 25
stomach cancers, whereas that based
on the EAR model predicts 280 cancers.
318

Conversely for prostate cancer, the ERRbased LAR predicts 190 cancers, whereas
the EAR-based LAR predicts six.
Clearly one or both models are in er
ror. Because of the paucity of data,
unfortunately, it is not possible to de
termine which model is more accurate.
The BEIR VII committee resolves the
differences between EAR and ERR
models by combining estimates from
them by using the following expression:
LAR = p · LAR (ERR) + (1 2 p) LAR
(EAR), where p is determined by the
views and opinions of the committee.
We do not fault the path taken by
the BEIR VII committee. The dearth of
solid data on the effects of low levels
of ionizing radiation and the complexity of
the limited data that are available make
the task of BEIR VII an unenviable one.
At every step in the process, BEIR VII

had to make assumptions about factors
that could profoundly influence the final
results. These assumptions are evident
from even a cursory review of the BEIR
VII report.

Risk Estimates
Estimates of LAR of cancer in specific
organs are provided in the BEIR VII re
port for a dose of 0.1 Gy (100 mGy)
delivered to a population of 100 000
individuals of mixed ages and both sex
es. A sample of these estimates is re
produced in Table 2 for the purpose of
illustrating the wide range of values of
each estimate encompassed by what is
termed a subjective 95% confidence
interval. For example, the LAR for
liver cancer in female patients (pre
dicted cancers per 100 000 persons ex
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Figure 6

Figure 6: Graph shows correlation between LAR of solid cancer incidence as
predicted by using ERR model and EAR model. Number of solid cancers is per
100 000 persons of mixed ages exposed to 0.1 Gy. Data points = different
organ or site.

posed to 0.1 Gy) is 12 with a 95% con
fidence interval of 1 to 130. The LAR
for radiation-induced prostate cancer
in male patients is 44 with a 95% con
fidence interval of less than 0 (maybe
radiation hormesis?) to 1860. Confi
dence intervals this wide undermine
the meaningfulness of predictions of
cancer incidence derived from LAR
estimates.
The adjusted LAR estimates in Table 2
are decreased by a factor of 1.5, which
is referred to as the dose and dose rate
effectiveness factor. This factor is an
assumption used to correct for possible
reduced effects of radiation dose when
the dose is small or delivered at a low
dose rate, thereby permitting cellular
repair of injury to occur.
The BEIR VII committee was careful
to point out the limitations and uncer
tainties of its risk estimates. The com
mittee states that “because of the vari
ous sources of uncertainty it is important
to regard specific estimates of LAR with
a healthy skepticism, placing more faith
in a range of possible values.” It states
further that the “…range of plausible
Radiology: Volume 264: Number 2—August 2012
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values for lifetime risk is consequently
labeled a ‘subjective confidence interval’
to emphasize its’ [sic] dependence on
the opinions of the committee in addi
tion to direct numerical observation”
(12) (BEIR VII, Section 11, page 279).
Unfortunately, many articles that use the
BEIR VII report to forecast cancer inci
dence and deaths from medical studies
fail to acknowledge the limitations of
BEIR VII and accept its risk estimates as
scientific fact rather than as a consensus
opinion of a committee.
Often a risk estimate of 5% per sievert
is used as an approximate predictor of
cancer incidence in all organs for a pop
ulation of individuals exposed to ioniz
ing radiation. Articles in the scientific
literature that use this predictor stimu
late sensational articles in the elec
tronic and print public media that cre
ate anxiety in patients and parents.
For the reasons described previously,
the accuracy of this risk estimate is
highly suspect. Use of the 5% per
sievert predictor of cancer incidence
(or any other numeric predictor of radi
ation-induced cancer incidence at low
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doses) must be considered highly spec
ulative at best.
Estimates of radiation-induced can
cer incidence and death from medical
imaging are computed at times with the
assumption that the age distribution of
the exposed individuals resembles that
of the population at large. This assump
tion is invalid, because older patients
undergo the bulk of imaging examina
tions. Older patients are at substan
tially reduced risk for cancer induc
tion for several reasons, including their
limited expected lifetimes. The age
factor for medically exposed individuals
lowers the risk substantially compared
with risk estimates without consider
ation of patient age (12).
Many patients who undergo medi
cal imaging procedures have an illness
that shortens their life expectancy. These
patients are at reduced risk of cancer
induction by radiation because they will
not survive long enough for the cancer
to materialize (29). This comorbidity prob
lem reduces the risk of radiation-induced
cancer averaged over the entire patient
population.

Conclusions
No prospective epidemiologic study
with nonirradiated control subjects has
quantitatively demonstrated adverse ef
fects of radiation at doses less than
about 100 mSv. A recently published
retrospective cohort study (30) demon
strated an increase in leukemia and
brain cancer in children who under
went multiple CT scans at ages younger
than 15 years, with an excess absolute
risk of 0.83 excess case of leukemia and
0.32 excess case of brain cancer in
10 000 children receiving 10 mGy from
a CT scan. Children are recognized as
particularly susceptible to radiation in
jury, and care should always be excer
cised to keep dose as low as possible
while consistent with acquiring needed
diagnostic information. It is essentially
impossible to accurately predict cancer
incidence and death in a population of
individuals exposed to doses below
about 100 mSv. Virtually all imaging
procedures, including CT and nuclear
medicine examinations, deliver doses to
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patients well below 100 mSv when they
are properly conducted. Hence, predic
tions of cancer incidence and death
from medical imaging procedures lack
supporting data and are highly specula
tive. In the future, it may become possi
ble to make more accurate predictions
of cancer induction (or its absence) at
low doses through improved under
standing of cellular mechanisms of can
cer, better criteria for identifying can
cer precursors at the cellular and
molecular levels, more relevant epide
miologic data on cancer risk from large
registries of patients exposed to medi
cal radiation, and studies of subpopula
tions of individuals (eg, persons with
ataxia telangiectasia) who are at in
creased risk of cancer after radiation
exposure. At this time, these advances
seem rather distant.
Because predictions of cancer inci
dence and death in populations exposed
to doses less than 100 mSv are highly
controversial, the Health Physics Soci
ety has taken the following position
(31): “The Health Physics Society rec
ommends against quantitative estima
tion of health risks below an individual
dose of 5 rem (50 mSv) in one year, or
a lifetime dose of 10 rem (100 mSv),
above that received from natural sourc
es. For doses below 5–10 rem (50–100
mSv) risks of health effects are either
too small to be observed or are nonex
istent.”
The American Association of Physi
cists in Medicine, an organization of
more than 7000 medical physicists re
sponsible for the quality and safety of
medical imaging and radiation therapy,
approved in December 13, 2011 the
following statement concerning the
risks of medical imaging (32):
The American Association of Physicists
in Medicine (AAPM) acknowledges
that medical imaging proce
dures
should be appropriate and con
ducted at the lowest radiation dose
consistent with acquisition of the
desired information. Discussion of
risks related to radiation dose from
medical imaging procedures should
be accompanied by acknowledgment
of the benefits of the procedures.
Risks of medical imaging at patient
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keep medical procedures as safe as rea
sonably achievable (or ASARA), and to
keep medical benefits as high as reason
ably achievable (or AHARA).

doses below 50 mSv for single pro
cedures or 100 mSv for multiple pro
cedures over short time periods are
too low to be detectable and may be
nonexistent. Predictions of hypothet
ical cancer incidence and deaths in
patient populations exposed to such
low doses are highly speculative and
should be discouraged. These pre
dictions are harmful because they
lead to sensationalistic articles in the
public media that cause some pa
tients and parents to refuse medical
imaging procedures, placing them at
substantial risk by not receiving the
clinical benefits of the prescribed
procedures.
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