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Abstract Exposure to ionizing radiation is associated with
an increased risk of cancer. With the growing use of
diagnostic imaging studies, there is concern for increas-
ing the risk of radiation associated malignancy of the
gastrointestinal tract. The purpose of this review is to
summarize the existing literature for risk of gastrointes-
tinal malignancy after ionizing radiation exposure from
diagnostic imaging studies. Estimates of organ specific
effective doses of radiation vary widely based on the
method of measurement and patient factors. Most of the
current data are based on calculations of organ effective
doses from anthropomorphic phantoms and estimated
cancer risk based on radiation exposure from environ-
mental sources. Radiation associated cancer risk is
dependent on both the cumulative radiation dose and
the radiosensitivity of the particular organ. The majority
of radiation exposure and risk associated with gastroin-
testinal malignancy comes from CT scans, especially of
the abdomen/pelvis. Of the abdominal organs, the colon
carries the highest lifetime attributable risk of radiation
associated malignancy. The attributable risk of malignancy for
an individual diagnostic imaging study is low, but
measurable, and therefore imaging studies without radi-
ation such as MRI and ultrasound should be considered,
especially in patients who require repeated imaging
studies. There is a shortage of epidemiological data and
an absence of prospective data with adequate follow-up
to describe accurate risk estimates of gastrointestinal
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cancers after diagnostic imaging. More studies are
needed to better determine the risks of malignancy from
diagnostic imaging.

Keywords Cancer- Radiation exposure - Diagnostic
imaging studies - Colon cancer- Colorectal cancer- Gastric
cancer- Liver cancer- Hepatocellular carcinoma -
Esophageal cancer- Pancreatic cancer- Small bowel cancer-
Neoplasm - X-ray- CT scan

Introduction

Exposure to ionizing radiation has been shown to have
adverse effects on health. Radiation exposure has been
associated with an increased risk of cancers, including lung,
colon, breast, thyroid, and bladder [1, 2]. Leukemia was
one of the first cancers related to radiation exposure,
occurring within 5 years of exposure, whereas solid cancers
have been observed within 10 years of radiation exposure
[3, 4]. Most data on radiation associated malignancy are
from Japanese atomic bomb survivors, and in the setting of
occupational exposure [5, 6].

Radiation therapy for treatment of malignant and benign
conditions has also been associated with increased cancer
risk and occurrence of secondary malignancies. In the past,
tinea capitis and enlargement of the thymus or tonsillar
glands were treated with radiation therapy. Follow up of
patients who have received these radiation treatments has
shown an increased risk of cancer in the thyroid, breasts,
bone marrow, brain, and skin [7-9]. Radiation therapy for
prostate cancer after radical prostatectomy is associated
with a second primary cancer, reported in up to 1747 cases
per 100,000 during a 15-year follow-up period; the most
frequent locations for a second primary cancer were
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bladder, rectum, and rectosigmoid junction [10]. A 3.4-fold
increased risk relative to the general population of
secondary stomach cancer has been reported in long-term
survivors of testicular cancer and Hodgkin lymphoma who
underwent radiation therapy [11]. Of patients who received
radiation therapy to the ovaries or pituitary gland to treat
hormonal infertility and amenorrhea, an overall 10% higher
cancer mortality was noted, including an increased mortality
from colon cancer with a standardized mortality ratio (SMR)
of 1.9 (95% CI 1.1-3.1) [12].

The use of diagnostic imaging has grown tremendously
over the last few decades. Nearly 70 million CT scans were
performed in 2007 [13] and patients who require one CT are
more likely to be exposed to multiple CT scans in the future
[14]. Low doses of radiation exposure through diagnostic
imaging have also been implicated in increased cancer risk.
Breast, thyroid, and lung cancer have been associated with
CT examinations of the chest [15, 16]. The relative risk of
mortality from breast cancer is 1.36 (95%CI 1.11-1.67) in
women who had received more than 100 mSv of radiation
from fluoroscopic imaging during their treatment for
tuberculosis [17]. An increased mortality from breast cancer
was also observed in retrospective cohort studies of women
with scoliosis who had undergone multiple radiographs,
SMR 1.69 (95% CI, 1.3-2.1) [18]. Based on model
estimates of radiation exposure, Smith-Bindman et al.
calculated that among 40 year-old patients, 1 in 4360
women and 1 in 7350 men will develop radiation-induced
cancer from a head CT, and 1 in 470 women, 1 in 620 men
from an abdomen/pelvis CT [19]. Studies estimate that
0.7-2% of all cancers and 1% of total cancer mortality may
be attributed to the radiation exposure from CT imaging
[14, 20]. Radiation from CT examinations is estimated to
cause 500 deaths annually in children less than 15 years old
[21]. Using the BEIR VII lifetime risk model (described
below), one patient in every 1000 exposed to 10 mSv from
a CT scan of the abdomen will develop a radiation-induced
malignancy in his or her lifetime [22¢].

Although there is substantial literature reporting overall
cancer risk related to environmental exposure, the risk of
gastrointestinal malignancies associated with diagnostic
imaging studies is unclear. The aim of this review is to
summarize the existing literature on the risk of gastrointes-
tinal cancers associated with radiation exposure from
diagnostic imaging studies.

Methods of Quantifying Radiation Exposure
and Malignancy Risk
Two models exist to account for radiation associated

malignancy risk [23]. The dose response model is based
on the assumption that cancer risk is related linearly to
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radiation exposure dosage and that no threshold limit exists
for cancer risk. The threshold response model is dependent
on a radiation threshold limit that must be reached before a
risk of cancer exists. The second model is based on data
from atomic bomb survivors, the linear no-threshold (LNT)
risk model. The LNT model is based on dose response
where even very small doses of radiation are associated
with a small risk of cancer. The LNT risk model has been
criticized as oversimplifying cancer risk at low radiation
dosages and some groups do not recommend the LNT
model to be applied at doses <50 mSv [23]. However,
cancer risk was demonstrated at dosages as low as at
35 mSv based on atomic bomb survivor data [5, 24].

The actual dose of radiation an organ receives cannot be
measured easily. Anthropomorphic phantoms are used to
calculate the organ effective dose from a single imaging
study. The phantom enables internally placed dosimeters to
measure the absorbed organ doses using high sensitivity
detectors. All of the studies reviewed used phantoms to
estimate organ effective doses. However, actual organ
radiation exposure may vary from the anthropomorphic
phantom. Studies have shown discrepancies between organ
doses measured from cohorts of real patients and measured
from phantoms [19]. Phantom models are also limited
because actual organ effective dose is dependent on patient
specific factors such as size, body weight, and fat
distribution.

Using the organ specific effective dose, the lifetime
attributable risk (LAR) of cancer can be calculated using
the data available in the Biological Effects of Ilonizing
Radiation (BEIR) VII report published by the National
Research Council BEIR Committee [22¢]. The LAR implies
excess cancer risk above and beyond the baseline cancer
risk. Some studies also report the relative risk (RR) using
the LAR and the lifetime risk (LR), which is the baseline
risk of cancer in unexposed populations. In the BEIR VII
report, the risk of malignancy was extrapolated largely from
epidemiological studies involving Japanese atomic bomb
survivors, populations living near nuclear power plants
during accidental release of radiation, and health care
workers with occupational radiation exposure. There are
limitations of the BEIR VII risk estimates. The BEIR VII
report may underestimate cancer risk as the Japanese
atomic bomb studies were based on gamma rays as opposed
to x-rays. The BEIR VII report does not calculate LAR at
radiation dosages less than 100 mSv; however many of the
studies reviewed extrapolated the BEIR VII report to
radiation doses less than 100 mSv. In another estimate of
the cancer risk, the United Nations Scientific Committee on
the Effects of Atomic Radiation Report (UNSCEAR) is a
collection of epidemiological studies of radiation-induced
malignancy, mostly from the atomic bomb, occupational
exposure, and radiation therapy [25].
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Gastric Cancer Risk
Stomach Effective Dose and Estimated Gastric Cancer Risk

The amount of radiation the stomach is exposed to is
dependent on the imaging study. Studies were identified
estimating effective doses of radiation to the stomach from
small bowel follow (SBFT) fluoroscopy and CT scans of
the chest, abdomen, and pelvis (Table 1). There were no
studies reporting stomach-specific effective doses of
radiation associated with upper GI series. The total
effective dose of radiation from upper GI series has been
reported to range from 3 to 9.3 mSv per study, dependent
on the number of radiographs taken per study [52]. All of
the studies reviewed calculated stomach-effective doses
using anthropomorphic phantoms or computer modeling
software (ImMPACT) (Table 2). Only one study estimated
the effective dose of radiation to the stomach from SBFT,
0.8 mSv [26]. CT, on the other hand, exposes the stomach
to a range of 3.6-68 mSv of radiation based on the type of
CT. CT scan of the abdomen/pelvis exposes the stomach to
18-24 mSv of radiation [26, 27]. A single CT scan of the
abdomen/pelvis in 18 year-olds was associated with a
stomach cancer LAR of 0.008% [27]. The effective dose
to the stomach from CT colonography (virtual colono-
scopy) is similar to standard CT examinations (14.8 mSv)
[30]. Although the amount of energy imparted per CT is
larger in adults, children receive higher organ effective
doses of radiation and have a higher risk of future
malignancy. For example, cone beam CT scans, which
are 3-dimensional CT scans used prior to the initiation of
radiation therapy to visualize the target tumor in 3D
imaging, had an effective dose of 68 mSv and a LAR of
gastric cancer of 0.051% when studied in 5 year old
children [29].

Standard chest CT scans do not result in significant
differences in the effective dose of radiation to the stomach

when performed in addition to a CT abdomen/pelvis.
Studies of CT scans of the abdomen/pelvis and full body
CT scans have similar effective doses of radiation to the
stomach [28]. Using the BEIR VII lifetime attributable risk
model, cancer risk of annual chest CT scans starting at age 2
until survival age of 36 and 50 years for surveillance in
cystic fibrosis (CF) patients was approximated using the
cumulative radiation dose. After 34 annual chest CT scans,
stomach cancer LAR was 0.0002% in males and 0.0003%
in females [35]. When a total of 48 lifetime chest CT scans
are performed, stomach cancer LAR was 0.0017% in males
0.0021% in females [35].

Although standard chest CT scans result in a minimal
increase in effective dose of radiation to the stomach
compared to CT scans of the abdomen/pelvis, several
specific CT studies of the torso impart significantly higher
effective doses of radiation to the stomach. CT angiography
(CTA) has been studied as a substitute to conventional
coronary angiography to assess coronary artery anatomy,
but radiation doses are higher than for conventional
angiography [31]. The stomach effective dose for ECG-
gated coronary CT angiography was reported from 11.1 to
14.4 mSv [16, 32, 33]. For ECG-gated CTA studying
pulmonary vein anatomy, the effective dose was 3.6 mSy,
whereas CTA protocol to evaluate pulmonary emboli was
36.2 mSv [16].

As seen with abdominal CT scans, pediatric patients are
exposed to higher effective doses of radiation of the
stomach compared to adults using chest CT scans. Anthro-
pomorphic phantoms of 5 year-old children demonstrated
effective doses of 24.3 mSv from ECG-gated CTA [34].
Infant males were exposed to a 24.3 mSv from CT
angiography, which corresponded to a LAR of 0.066% in
males, 0.09% in females. 5 year-old boys and girls had a
LAR of 0.057% and 0.076%, respectively, from one
coronary CT angiography study, whereas 10 year-old boys
had a LAR of 0.048%, girls 0.064% [34].

Table 1 Studies modeling radiation exposure to gastrointestinal organs from diagnostic imaging

Gastrointestinal organs

Study Diagnostic imaging Method of organ radiation dose calculation
Hurwitz 2007 CT angiography anthropomorphic phantom
Berrington 2007 CT chest CT effective dose software
Huang 2010 Coronary CT angio ImPACT software

Huang 2009 Coronary CT angio anthropomorphic phantom
Tarin 2009 CT abdomen/pelvis ImPACT software

Kim 2009 Cone beam CT anthropomorphic phantom
Jaffee 2007 SBFT, CT abdomen/pelvis anthropomorphic phantom
Einstein 2007 CT coronary Angio ImPACT software

Brenner 2005 CT colonography ImPACT software

Brenner 2004 Full body CT ImPACT software

esophagus, stomach, liver, colon

esophagus, stomach, liver, pancreas
esophagus, stomach, liver, colon

esophagus, stomach, liver, colon, pancreas
stomach, liver, colon

esophagus, stomach, liver, colon, pancreas
stomach, liver, colon, pancreas, small bowel
esophagus, stomach, liver, small bowel
stomach, liver, colon

esophagus, stomach, liver, colon

CT computerized tomography; SBFT small bowel follow through
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Table 2 Effective dose and lifetime attributable risk of gastrointestinal malignancy from diagnostic imaging

Stomach Liver Colon
Study Imaging ED (mSv) LAR (%) ED (mSv) LAR (%) ED (mSv) LAR (%)
Jaffe 2007 SBFT fluoro 0.8 - 6.4 - 1.6 -
Berrington 2007 CT Chest x34 - 0.0002 - - - -
Berrington 2007 CT Chest x 48 - 0.002 - 0.004 - -
Taurin 2009 CT Abd/Pelvis 18 0.008 16 0.005 17 0.03
Jaffe 2007 CT Abd/Pelvis 24 - 333 - 21.8 -
Taurin 2009 CT Chest/Abd/Pelvis 19 0.008 18 0.006 17 0.03
Kim 2009 Cone beam CT 68 0.051 62 0.023 70 0.144
Brenner 2005 CT colonography 14.8 - 13.8 - 13.2 -
Brenner 2004 Full body CT 14.4 - 14 - 11.6 -
Hurwitz 2007 CTA pulmonary vein 3.6 - 15 - 0.4 -
Hurwitz 2007 CTA coronary 14.4 - 53.4 - 0.3 -
Huang 2010 CTA coronary 11.1 - 19.2 - 0.2 -
Huang 2009 CTA coronary 243 0.057 20.8 0.058 4 0.262
Einstein 2007 CTA coronary 14 - 23 - - -
Hurwitz 2009 CTA pulmonary emboli 36.2 - 57.8 - 2 -

CT computerized tomography; C74 CT angiogram; ED effective dose; LAR lifetime attributable risk; SBFT small bowel follow through

Epidemiologic Studies: Gastric Cancer

Although epidemiological studies following patients exposed
to diagnostic imaging studies and their development of
stomach cancer are lacking, estimations can be made based
on the data existing for stomach cancer development among
people exposed to radiation from other realms, such as atomic
bomb exposure and radiation therapy.

Three studies reported the risk of gastric cancer from
environmental radiation exposure. The Life Span Study,
which followed atomic bomb survivors long-term to
determine their incidence and mortality from cancer, found
that stomach cancer risk of exposure-induced death (REID)
was 0.1% per 1,000 mSv [36]. In a separate calculation, the
UNSCEAR report estimated a relative risk of stomach
cancer to be 2.1 in males and 2 in females per 1000 mSv
[25]. The relative risk of stomach cancer in nuclear plant
workers was 1.1 per 1000 mSv (95% CI, 0.01-3.4) or
REID of 0.15% per 1000 mSv [38].

Four studies reported on the development of gastric
cancer after exposure to radiation treatments. The relative
risk of secondary stomach cancer after radiation treatment
for cervical cancer was 1.54 or a REID of 0.18% per
1000 mSv [37]. The REID was 0.33% per 1000 mSv in
patients with metropathia hemorrhagica treated with radia-
tion therapy, [39]. Ankylosing spondylitis patients treated
with radium had a relative risk of 1.56 of developing
stomach cancer [40]. In patients with peptic ulcer disease
treated with radiation, the relative risk of developing
stomach cancer was 2.77 (95% CI, 1.6-4.8) [41].
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Only one study reported on cancer risk in patients
exposed to diagnostic radiation over time [42¢]. The death
rate from cancer was 8% higher than the general population
in 5573 women who had undergone multiple X-rays
examinations for scoliosis and other spinal disorders [42¢].
Average cumulative effective dose was 109 mSv in the
breast, 41 mSv in the lung and 10 mSv in the bone marrow.
No association with stomach cancer mortality was found,
SMR 0.35 (95% CI, 0.04-1.25); however, the stomach
effective dose was not reported.

Liver Cancer Risk
Liver Effective Dose

Since the liver is a large organ in the abdominal
compartment, it is at risk for radiation exposure with any
diagnostic imaging. SBFT fluoroscopy exposes the liver to
an effective dose of 6.4 mSv [26]. The liver effective dose
amongst CT scans was dependent on the type of study. CT
abdomen/pelvis studies expose the liver to 16-33 mSv [26,
27]. Addition of a CT chest to a CT abdomen/pelvis was
reported to provide a similar liver effective dose as a CT
abdominal/pelvis alone, 18 mSv [27]. The LAR of liver
cancer is 0.005% from a single CT examination of the
abdomen/pelvis and increases slightly to 0.006% when the
CT imaging is of the chest/abdomen/pelvis [27]. In the
study previously described calculating cancer risk of annual
surveillance chest CT scans in cystic fibrosis, 34 annual CT
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examinations of the chest was associated with a LAR for
liver cancer of 0.0003%, and a LAR or 0.003.8% in those
who received 48 annual chest CT scans.

As described with stomach effective doses, special CT
scans of the chest may results in higher liver effective doses
of radiation. CT angiography for pulmonary emboli emits
57.8 mSv of radiation to the liver [16]. ECG-gated CTA
evaluating pulmonary vein anatomy has an effective dose
of 15 mSv to the liver; whereas, ECG-gated CTA for
coronary arteries has a liver effective dose of 19.2—
53.4 mSv [6, 32, 33] in the adult liver and 20.8 mSv to
the pediatric liver [34]. A single cone beam CT has a liver
cancer LAR of 0.023% with a RR of 1.049. For children
exposed to ECG-gated coronary CT angiography, the LAR
is influenced by the age at time of exposure. The highest
risk of cancer was in infants with a LAR of 0.071% in
infant males and 0.031% in infant females. In 5 year-old
subjects, the LAR among males was 0.058% and females
0.026%. In 10 year-old children the LAR of liver cancer
was 0.05% in males and 0.022% in females [34].

Epidemiologic Studies: Liver Cancer

Only two studies reported the development of liver cancer
related to environmental radiation exposure. The incidence
of liver cancer in atomic bomb survivors in the Life Span
Study showed an excess relative risk of 0.48 per 1000 mSv
[36]. The UNSCEAR report, estimated the RR of liver
cancer is 2.8 per 1000 mSv in males and 0.9 per 1000 mSv
in females [25].

Interestingly, liver cancer was not associated with either
therapeutic radiation (to the cervix) or in serial abdominal
x-rays. Among cervical cancer patients treated with
radiation therapy, the excess relative risk of liver cancer
was —0.06, as the expected number of liver cancer cases
exceeded the actual number of cases [43]. In the study
described previously in women who had undergone
multiple X-rays examinations for scoliosis and other spinal
disorders, mortality from liver cancer was less than
expected in the general population, SMR 0.17 (95% CI,
0.00-0.94); however the liver effective dose was not
reported.

Colon Cancer Risk
Colonic Effective Dose

Since the incidence of colon cancer is the highest among
cancers of the gastrointestinal tract, radiation exposure
increasing the risk of malignancy must be scrutinized.
SBFT fluoroscopy exposes the colon to 1.6 mSv of
radiation [26]. The colonic radiation dose from CT scans

varies depending on the type of imaging study. CT scans of
the abdomen/pelvis expose the colon to 17-21.8 mSv [26,
27]. As with stomach and liver effective doses, addition of a
standard chest CT to a CT abdomen/pelvis results in only
minimal changes in radiation effective dose to the colon
[27]. The LAR from colon cancer is higher than that of
stomach and liver cancer for the same amount of radiation
absorbed. The LAR of colon cancer was reported at 0.03%
from a single CT examination of the abdomen/pelvis [27].
The effective radiation dose to the colon from a CT
colonography was similar to that of a standard CT abdomen
pelvis, 13.2 mSv per study [30]. However, serial CT
colonography for colon cancer screening for national
screening and surveillance may result in high cumulative
effective doses of radiation, the results of which have not
yet been investigated. Although not used as frequently
today as in past years, barium enemas were once commonly
used as screening tests for colon cancer and inflammatory
bowel disease. Studies reporting organ specific effective
doses of radiation from barium enemas were lacking, but
estimates of total effective doses of radiation report
10.7 mSv per barium enema [51]. The effect of serial
barium enema examinations and cancer risk has not been
reported.

Epidemiologic Studies: Colon Cancer

Two studies reported the risk of colon cancer associated
with environmental radiation exposure with differing
results. The Life Span Study reported a REID 0.51% per
1,000 mSv of radiation for colon cancer, higher than the
REID of 0.1% for gastric cancer [36]. However, the
UNSCEAR study, reported the RR of colon cancer was
1.1 per 1,000 mSv in males and 1.9 in females, which was
less than gastric cancer (2.1 and 2 in males, females,
respectively) [25].

Three studies reported on the association of colon
cancer and therapeutic radiation exposure. In a study of
benign gynecological disease treated with radiation
therapy, the REID was 0.31% per 1000 mSv of radiation
[48]. Studies of peptic ulcer treated with radiation therapy
found an excess relative risk of 0.05 per 1000 mSv (95%
CI 0.05-0.22) or REID of 0.04% per 1000 mSv [41].
Radiation therapy used to treat skin hemangiomas found
an excess relative risk of colon cancer of 0.37 per
1000 mSv [49].

Only one study, described earlier, reported the associa-
tion of colon cancer and serial X- rays for spinal disorders
[42¢]. The mortality risk from colorectal cancer was not
significantly more than the general population with colon
cancer SMR 0.99 (95% CI, 0.65-1.45), and rectal cancer
SMR 0.66 (95% CI, 0.13—-1.93) [42¢], although the colon
effective dose was not reported.
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Esophagus
Esophagus Effective Dose

Due to its location in the chest, the esophagus is more
susceptible to radiation from thoracic CT imaging studies
compared to other gastrointestinal organs. In adults, the
radiation dose reported from a coronary CT angiography
varied between 23.6 and 71.9 mSv [16, 32-34]. ECG-
gated pulmonary vein CT angiography and CT angiogra-
phy for pulmonary emboli exposed the esophagus to
48.6 mSv and 48 mSyv, respectively [16]. The effective
dose of radiation to the esophagus from Cone beam CT in
5 year-old children was 13 mSVand 16.2 mSv from full
body CT [28, 29]. The LAR of esophageal cancer from 34
annual chest CT scans was 0.004% in males and 0.002%
per 100,000 in females. The LAR increased to 0.0066% in
males and 0.002.5% in females with 48 annual CT scans
[35].

Epidemiological Studies: Esophageal Cancer

Two studies reported on the association of esophageal
cancer and environmental radiation exposure. The Life
Span Study, showed an excess RR of esophageal cancer
incidence of 0.41 in males and 0.84 in females per
1000 mSv of radiation exposure [36]. Based on the
UNSCEAR report, the excess RR esophageal cancer is
0.2 per 1000 mSv of exposure in males, 0.1 in females
[25].

Two studies reported on the association of esophageal
cancer and therapeutic radiation exposure. Radiation therapy
for cervical cancer was associated with a relative risk for
esophageal cancer of 1.26 per 1000 mSv (95% CI, 1.1-1.3)
[50]. However, the association between radiation treatment
for ankylosing spondylitis and esophageal cancer was not
statistically significant, excess RR 0.17 per 1000 mSv (95%
CI, 0.09-0.25) [40].

Risk of Other Gastrointestinal Malignancies
Pancreas

The effective dose of radiation to the pancreas is dependent
on the type and location of the diagnostic study. SBFT
fluoroscopy exposes the pancreas to 4.7 mSv of radiation
compared to 31.4 mSv from a CT abdomen/pelvis [26].
There were no reported estimates of pancreatic cancer
related to abdominopelvic CT scans, but the LAR of
pancreatic cancer from 48 annually consecutive CT scans
of the chest is 0.001% in males and 0.002% in females [35].
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In children, coronary CTA results in 6.9 mSv and a cone
beam CT of 56 mSv to the pancreas [29, 34]. Peptic ulcer
disease treated with radiation therapy has been associated
with pancreatic cancer with a relative risk of 1.87 (95% ClI,
1.0-3.4) [41].

Small Bowel

Data are scarce regarding the association of small bowel
cancer and diagnostic imaging. The small bowel receives
7.1 mSv of radiation from a SBFT fluoroscopy, which is
higher than any other gastrointestinal organ from SBFT.
In contrast, CT of the abdomen/pelvis results in a small
bowel effective dose (16.3 mSv) similar to other
gastrointestinal organs [26]. CT coronary angiography
exposes the small bowel to 16 mSv of radiation in adult
males and 9 mSv in females [32]. There are no estimates
of the attributable risk of small bowel cancers to radiation
exposure.

Chronic Disease and Repeated Radiation Exposure

Cumulative effect of the scans must be taken into
consideration in patients with chronic disease such as
inflammatory bowel disease (IBD). Crohn’s disease (CD)
patients received an average of 1.8 SBFT examinations
and 2.3 CT scans in their lifetime [26]. In a population
based study of IBD patients, the radiation exposure in IBD
patients was similar to the average annual background
environmental radiation exposure. However, the upper
quartile of patients with IBD received 2—11 times the dose
of background environmental radiation exposure [53]. In a
separate study, Desmond et al. [44¢] retrospectively
studied 354 Crohn’s disease patients to quantify the
cumulative effective dose received by patients through
diagnostic imaging studies during a 15 year period. High
cumulative effective dose was defined as >75 mSv, which
has been associated with increased cancer mortality by
7.3% [45]. The mean cumulative effective dose among
these patients was 36.1 mSv with 15.5% of patients
receiving more than 75 mSv. An average of 12.4 studies
were performed per patient in the 15 years of follow-up.
Risk factors associated with a high cumulative effective
dose were: age <17 years old at time of diagnosis, hazard
ratio 2.1 (95% CI, 1.1-4.1, P=0.02), upper GI tract
disease, odds ratio (OR) 2.4 (95% CI, 1.2-4.9, P=0.02),
penetrating or stricturing disease, OR 2.0 (95% CI, 1.0-
3.9, P<0.0001), oral steroid requirement, OR 3.8 (95%
CI, 1.1-12.7, P<0.01), IV steroid requirement, OR 3.7
(95% CI, 2.0-6.6, P<0.0001), infliximab requirement, OR
2.3 (95% CI, 1.2-4.4, P=0.01), or more than one surgery,
OR 2.7 (95% CI, 1.4-5.4, P<0.001). Crohn’s disease
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patients who required more than one surgery received the
highest mean cumulative effective dose of all groups with
mean cumulative effective dose 66.6 mSv (95% CI, 52.9—
80.3 mSv). The majority of the cumulative effective dose
was accounted for by CT imaging. Patients with Crohn’s
disease require multiple and frequent imaging to establish
diagnosis, monitor the extent of disease and response to
therapy, and detect complications from Crohn’s disease.
The possible risk of malignancy from radiation exposure
must be considered especially in Crohn’s patients who
already have an increased risk of tumors in the gastroin-
testinal tract, liver or biliary system [46], and small bowel
lymphomas [47].

Conclusions

As the use of diagnostic imaging studies increases, the
risk of malignancy must be considered and further
studied. The majority of radiation exposure and risk
associated with gastrointestinal malignancy comes from
CT scans, especially of the abdomen/pelvis. Chest CT
scans expose only a small amount of radiation and
malignancy risk to the stomach and liver, although the
risk may be greater in the colon and esophagus. The
colon is more susceptible to cancer risk from radiation
exposure compared to the other gastrointestinal organs.
Children in particular have a higher cancer risk associ-
ated with radiation exposure compared to adults. The
overall risk of cancer from a single diagnostic imaging
study is low, but measurable. However, patients with
chronic conditions such as inflammatory bowel disease
are at risk of high cumulative radiation exposure and
potentially higher cancer risks.

Many of the studies reviewed calculated cancer risk
based on the organ-specific effective doses from diagnostic
imaging studies using phantoms and computer models.
There is paucity of epidemiologic studies with adequate
follow up after diagnostic imaging to assess gastrointestinal
malignancy risk. Radiation-induced solid malignancies
have been shown to emerge one or two decades after the
time of exposure, so future studies will require long-term
monitoring for neoplasm in these patients [22¢]. Directions
of future studies should include long term follow up of
patients exposed to radiation from diagnostic imaging and
development of radiation reduction technologies such as
ultrasound, magnetic resonance, capsule endoscopy, and
other novel techniques.
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