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CT, Radiation exposure and 
Carcinogenesis: 
is informed consent necessary?
The discussion on the carcinogenic potential of radiation and the risk/ben-
efits of radiological procedures such as CT shows no signs of abating.  
This article summarizes the background to the issues, puts the arguments 
into perspective and describes the radiologist’s duty and obligations in the 
midst of an increasingly heated debate

It was not many years after Roentgen’s discovery of the X-ray 
in 1895 that scientists began recognizing that exposure to 
ionizing radiation caused cancer. The first case of radiation-
induced cancer was documented in 1902 [1], and over the 

next several decades there occurred sporadic cases of skin cancer 
among physicists and radiologists who worked with radiation 
sources. Exposure to radiation was the presumed cause of aplas-
tic anemia that was fatal to Marie Curie; of lung cancers that 
were fatal to pitchblende and uranium miners, and of the bone 
cancers that were fatal to radium-dial watch workers who licked 
brushes coated with radium [1-2]. Nevertheless, the concept of 
radiation-induced cancer attracted little concern in the scientific 
community, and the public’s awareness of the potential adverse 
effects of radiation was minimal if even existent — until August, 
1945, when the atomic bombings of Hiroshima and Nagasaki 
took place. 

The incidence and natural history of cancers that developed 
among the survivors of the atomic bombings provided an enor-
mous amount of epidemiologic data from myriad studies ana-
lyzing the relationship between radiation exposure and cancer, 
many of which are still ongoing. Although there was a plethora 
of research studies focusing on the carcinogenic properties of 
ionizing radiation that appeared in scientific journals following 
World War II, the subject did not generate much public attention. 
However, the public’s awareness and concern with radiation-
induced cancer were noticeably raised as a result of the Cher-
nobyl nuclear reactor accident in 1986 in the Soviet Union, and 
increased more so as a result of the Three-Mile-Island nuclear 

reactor accident in 2001 in the state of Pennsylvania, USA. It 
was not until 2007, however, that the carcinogenic properties of 
radiation made headlines on television news broadcasts and front 
pages of America’s newspapers. 

“Overuse Of Diagnostic CT Scans May Cause 3 Million Excess 
Cancers In USA Over Next 2-3 Decades,” was the front-page 
headline of US Today [3], a nationally circulating American 
newspaper, in November 2007. The headline in part was based 
on a New England Journal of Medicine (NEJM) article in which 
two prominent radiation physicists pointed out that atomic bomb 
survivors who had received radiation doses in the range of 5 
to 150 milliSieverts (mSv) — similar to the dose received from 
patients undergoing various CT scans — showed significant 
increase in cancer occurrence. They then estimated that up to 
“2% of all cancers in the US may be attributable to the radiation 
from CT studies” [4]. Over the next several years, a number of 
scientific articles made the front-page headlines. “29,000 future 
cancers could be related to CT scan use in the US in 2007….There 
is direct evidence from atomic bomb survivors, nuclear workers, 
and patients receiving X-ray exams that radiation doses of 5-10 
rads (50-100 mSvs) can cause cancer,” exclaimed a group of epi-
demiologist [5]. One Chicago newspaper published an article on 
the topic under a headline that read, “Two or Three CT Scans = 
Hiroshima Radiation” [6]. Notwithstanding reports emphasizing 
that diagnostic level doses of ionizing radiation cause cancer, 
many radiation physicists strongly disagreed, several asserting, 
“Cancers have never been detected in animals or in humans for 
doses below 100 mSv” [7]. 

A review of the scientific literature on the subject of radiation-
induced cancer clearly reveals the contradictory findings and con-
clusions of a divided community of radiation physicists. Although 
all agree that radiation-induced carcinogenesis increases with 
high doses, whether there is a threshold dose required to generate 
a cancer is extremely controversial. A large segment of the radia-
tion physicist community subscribes to the linear no-threshold 
theory, i.e., there is no threshold and even the most minimal 
exposure to ionizing radiation is carcinogenic. An equally large 
segment of the radiation physicist community has adopted a 
contrary opinion, namely, that there is a threshold below which 
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radiation exposure will not cause cancer. Nevertheless, there is almost 
unanimous agreement that there is a risk of carcinogenesis from doses 
greater 100 mSv.

Public concerns regarding carcinogenic effects of radiation expo-
sure were heightened substantially in March 2011 when a tsunami vir-
tually destroyed the Fukushima Daiichi Nuclear Power Plant in Japan 
[8]. The extent to which workers and residents living in the vicinity of 
Fukushima will develop cancer as a result of exposure to the radiation 
that was released by the power plant remains to be determined.

INfoRMeD CoNseNT 
A century ago, an American jurist enunciated a fundamental principle 
in medicine: “Any human being of adult years and sound mind has a 
right to determine what should be done with his own body” [9]. 

“The doctrine of informed consent is one of the most well-known 
elements of medical ethics and bioethics today and is a pivotal prin-
ciple that guides contemporary healthcare and research practices,” 
states the International Bioethics Committee of UNESCO [10]. 
Informed consent is required for all patients who are about to 
undergo a radiologic examination or procedure that is not consid-
ered simple. What kind of information should be communicated to 
the patient in order for the patient to decide whether to consent? 
One American state supreme court answered the question in this 
manner: “Information regarding risk is material when a reason-
able person would be likely to attach significance to it in deciding 
whether or not to forego the proposed examination or treatment….
The standard to which a physician is held is determined by whether 
a reasonable person in the patient’s position would have arrived at a 
different decision about the treatment or examination had he or she 
been fully informed” [11]. 

The UNESCO Bioethics Committee added the following clarifica-
tion: “In general, adequate information given to the patient is the condi-
tion sine qua non for consent to be validly obtained….Information must 
be adequate and comprehensible”[10]. An American College of Radiol-
ogy (ACR) Practice Guideline adds that informed consent must be 
obtained prior to any procedure or examination “that is likely to expose 
the patient to any significant risks and potential complications” [12].

Defining the words “risk” and “significant” is not so simple, par-
ticularly as the words apply to exposure to radiation and potential 
development of cancer. If a patient is going to undergo a procedure 
such as a thoracentesis, arteriogram, angioplasty, biopsy, or is to 
be administered contrast media, it is a relatively simple exercise to 
consult the radiologic literature and apprise oneself of the statistical 
likelihood that a complication such as a pneumothorax, hemor-
rhage, thrombosis, or anaphylactic reaction can occur. While no 
physician is able to predict with certainty whether a complication 
will or will not occur after a specific procedure, nonetheless the 
physician can be exact regarding the odds that a given complication 
may occur. However, with regard to the exact likelihood that a can-
cer can develop as a result of exposure to diagnostic level radiation, 
no available statistical data are available. 

The medical literature is replete with hypotheses, conjectures, pro-
jections, extrapolations, and opinions, but not hard facts. The litera-
ture is full of theoretical calculations regarding risk, rather than the 
documented incidence of risk. For example, an article in one medical 
journal stated, “Lifetime cancer risk due to radiation from a single coro-
nary artery calcium score CT scan at age 40 is 9 cancers per 100,000 in 
men, and 28 cancers per 100,000 in women” [13]. How can we possibly 
relate this theoretical “projection” to the likelihood of a single patient 
developing cancer by undergoing a coronary CT scan? Another jour-
nal article reported that in a study of 180,000 patients younger than 
age 22 who had undergone approximately 280,000 CT scans in the 
United Kingdom between 1985 and 2002, 72 developed leukemia and 
135 developed a brain tumor [14]. The researchers estimated that one 
head CT scan performed in the first decade of life would produce 
one case of leukemia and one case of brain tumor per 10,000 patients 
who underwent CT. How does this kind of “information” qualify as 
accurate and comprehensive data that will assist a patient in making a 
decision whether to consent or not consent to a procedure? As an anal-
ogy, a quick search of public data reveals that in the year 2011, a total 
of approximately 33,000 people in the US died as a result of a motor 
vehicle accident [15]; in other words, with an approximate population 
of 330 million, there was about one death per 10,000, similar to the 
number of children who theoretically “may” develop leukemia or brain 
tumor as a result of undergoing a CT scan. The automobile data are 
based on facts: one person in 10,000 actually died in an auto accident. 
The CT data, however, are projections: the leukemia or brain tumor 
that may occur in one child per 10,000 may, or may not, have been 
caused by exposure to CT scan radiation.

I cannot conceive of anyone advocating informing an individual 
who was about to enter a motor vehicle that his or her chances of dying 
in an accident is 1 in 10,000. Should parents who are being advised by 
a physician that their child should undergo a CT scan be informed 
that the chances of the child developing leukemia or brain tumor is 
1 in 10,000? Should a man being advised to undergo a coronary CT 
be informed that his chance of developing cancer is 1 in 10,000 [13]?

CARCINoGeNesIs fRoM DIAGNosTIC LeveL IoNIzING RADIATIoN 
ReMAINs NeBuLous
The United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR) pointed out, “There is still uncertainty about 
the best method for transferring organ-specific cancer risks from the 
Japanese A-bomb survivors to populations in other countries with dif-
fering baseline rates….The ability of epidemiological studies to detect 
raised cancer risks at very low doses is constrained not only by limita-
tions on statistical power but also by the potential for small biases or 
confounding” [16]. As recently as December 2013, UNSCEAR called 
on its Scientific Committee “to hold regular sessions on an annual 
basis so that its report can reflect the latest developments and findings 
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in the field of ionizing radiation…and understanding of the levels, 
effects, and risks of ionizing radiation” [17].

A recently published report contended that reevaluation of atomic 
bomb survivor data showed lower than expected cancer rates, and 
thus there is “no longer any credible reason to support the claims of 
increased risk of cancer from low-dose radiation” [18]. The author 
researcher added that considerable evidence has accumulated sug-
gesting a beneficial effect of low-dose radiation (hormesis), including 
reduction of cancer. Another researcher echoed similar sentiments, 
stating that “Nuclear fears simply don’t match the facts” [19].

The RADIoLoGIsTs’ DuTY
From a historic and traditional viewpoint, the duty of the referring 
physician was to order the radiologic examination, and the sole duty 
of the radiologist was to render his or her interpretation of this exam. 
However, the 21st century brought many changes, among which is 
expansion of radiologists’ duties. It has been estimated that medical 
imaging is responsible for approximately 50% of the average radia-
tion exposure in the US population, with half of all medical radiation 
coming from CT scans [20]; cardiologic imaging is responsible for 
40% [21]. Radiologists are no longer considered simply as bystanders 
when a radiologic exam is ordered and performed; today radiologists 
are expected to review requests for radiologic exams and in the interest 
of reducing costs and exposure to ionizing radiation, intervene when 
a request is deemed incorrect or unnecessary. In most cases, there is 
no reason for the radiologist to question the judgment of a referring 
physician; the medical indication for the exam is valid, and the appro-
priate exam is ordered. However, if the radiologist has the patient’s 
previous studies available and notes that in the recent past the patient 
had undergone several similar CTs, it may well be the radiologist’s duty 
to contact the ordering physician, pointing out that multiple similar 
exams that had been performed in recent months, and suggesting that 
either an alternate imaging study free of ionizing radiation be ordered, 
or simply that the requested study be cancelled.

The standard of care today does not require that formal informed 
consent be obtained from patients before they undergo imaging exams 
utilizing ionizing radiation [22]. Nevertheless, over the past several 
decades the relationship between patients and their physicians has 
shifted from benevolent paternalism (“I, the doctor, possess knowl-
edge and I will decide what tests you, the patient, must undergo”) 
to shared decision making (“I, the doctor, will share my knowledge 
including benefits and harms of all tests with you, the patient, and you 
will decide whether to undergo the test”) [23]. Radiologists are physi-
cians, and therefore it is their moral, if not legal, responsibility to be 
adequately educated and knowledgeable [24] about radiation doses, to 
review requests involving high-dose studies, and to discuss uncertainties 
regarding the potential hazards of radiologic imaging, including but not 
limited to carcinogenesis, with clinicians and patients when either asked 
to do so or when the radiologist believes it will benefit the welfare of 
the patient to do so. Radiologists should also become familiar with and 
embrace the Image Wisely for Adults, Image Gently for Children, and 
ALARA (image As Low as Reasonably Achievable) Campaigns [25-26].
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