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Objectives

1. Fundamentals of radiation risk quantification

2. Radiations Risks specific to oncology patients

3. Benefit/Risks in Screening

4. Justification in Oncology (Guidelines)

5. Optimization



Fundamentals of Radiation  Risk
Quantification in Medical Imaging 

• As standard radiography, CT use X-rays 

• Toxicity of ionizing radiations is cumulative  

• Estimations of toxicity are mainly based on the history 

of nuclear energy (military and medical)

• Stochastic (long term) risk = risk of carcinogenesis

• No carcinogenesis was observed below 0,1 Sv

Cohen BL, AJR 2002; 179: 1137-1143

IRCP 60, Pergamon press 1990

IRCP 103, Pergamon press 2008 

Tubiana et al, Radiology. 2009;251(1):13-22.

Little et al, Radiology 2009;251(1) 6_12
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Radiation Risks of Medical
Imaging: 

Fact and Fantasy

• Risk quantification in the low-level radiation field

(0.1 - 10 mSv)  results from extrapolations from high

doses > 100 mSv

• Linear no-threshold model *,**

*   Tubiana, Radiology 2009;251:13-22 

** Brenner N Engl J Med 2007;357:2277–2284



Linear No-Threshold

• Yearly cancer predictions: 

– 40 000 in the US 

– 2000 in Germany

– 200 in Begium 



LNT model: Thousands of predicted death 

• What are the data that led to these numbers, 

and how dependable are these data? 

• How firm or speculative are these predictions?

• How much attention should be given to them?

Radiology 2012;264:312-321 



LNT or not LNT?

A. Epidemiological studies

A. Biological studies



A Epidemiological studies

• A1: BEIR VII

• A2: Studies on Pediatric CT



A1: BEIR VII report

1. Atomic bomb survivors (Hiroshima-
Nagasaki)(Radiation Effects Research

Foundation) RERF

2. Workers in Nuclear Plants

3. Accidental radiation 

Three-Mile-Island, Tchernobyl

Radiological series

4. Data from medical radiation sources

Radiology 2012;264:312-321 



RERF →BEIRVII report

• It is from the summary tables of radiation risk in 

the BEIR VII report that projections of cancer 

incidence and death are made for medical

exposures

• RERF data received by far the greatest emphasis



A/ RERF Program

• 120 000 survivors of atomic blasts

– 93 000 exposed to radiation

– 27 000 residents absent from the cities at the time 

of explosions

• Average dose to exposed individuals: 200 mSv



RERF Program

• Dose distribution among 93 000 exposed.

• 0 – 5 mSv: 37000 subjects

• 5 – 100 mSv: 32000 subjects

• 100 – 2000 mSv 17000 subjects



RERF Program

• Dose distribution among 93 000 exposed.

• 0 – 5 mSv: 37000 subjects

• 5 – 100 mSv: 32000 subjects

• 100 – 2000 mSv 17000 subjects

• Statistical evidence of increased incidence of 

various cancers in individuals receiving 100 

mSv whole body dose or more



RERF Program

• At less than 100 mSv, it is not possible to 

identify an increased incidence of cancer with

any degree of statistical confidence compared

with the normal incidence of cancer in the 

unexposed populations.



2: Data From Nuclear Plants workers

• Studies of 500 000 occupationally exposed
workers in the nuclear industry over many
years even demonstrated reduced cancer in 
the exposed individuals, a result termed the 
“healthy worker effect”.

• The BEIR VII report largely excludes all of 
these studies from its analyses on the basis 
that they are unsuited to the development of 
population-based risk estimates.



3: Accidents - Data from Chernobyl, Three-
Miles-Island and Medical Sources

• No or few effects were observed (?????)

– increased thyroid cancer in children exposed in 
utero downwind of Chernobyl,

• Increased likelihood of cancer in persons
receiving multiple doses of radiation from an 
extended series of medical procedures (high
cumulated doses).

• All these effects are associated with relatively
high radiation doses to specific organs



4. Medical Radiation for Diagnostic 
and Therapeutic Purposes

• Various studies that document increased

cancer incidence in the lung and breast from

radiation administered usually for therapeutic

purposes (Treatment of Lymphoma).



Risk Quantification According to 
Radiation Dose. 

• For a given radiation dose, in a perfect

world, all studies would yield similar values 

for the excess risks per gray.

• This was not the case



Data points = average values of excess relative risk per Gray (ERR) 

from individual studies (BEIR VII) 

Hendee W R , O’Connor M K Radiology 2012;264:312-321



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 

Hendee W R , O’Connor M K Radiology 2012;264:312-321



BEIR VII Risk Models: ERR vs EAR

• Furthermore, the BEIR VII committee uses 

two risk models as the foundation for 

estimating the likelihood of radiation-induced 

cancer, the ERR and the EAR



BEIR VII Risk Models

• The Excess Relative Risk (ERR) is the rate of 

disease in the exposed population divided by 

the rate of disease in an unexposed 

population minus 1.0



BEIR VII Risk Models

• The Excess Abslute Risk (EAR) is the rate of 

disease in an exposed population minus the 

rate of disease in an unexposed population.



LAR

• Risk factors from these models are incorporated into

a final risk model, the lifetime attributable risk

(LAR) model, to compute a risk estimate for the 

likelihood of radiation-induced cancer over the 

lifetime of individuals.



LAR model

• LAR model has been used to predict cancer 

incidence and deaths in populations of 

individuals exposed to medical radiation.



LAR Model: Uncertainties

• Given that both models ERR and EAR are 
based on the same data, one might anticipate
reasonable agreement between them. 

• This is not the case.



ERR versus EAR in LAR Model 
Male Patients

# of expected deaths by cancer / 100 000 individuals exposed to 100 mSv



ERR versus EAR in LAR Model 
Female Patients

# of expected deaths by cancer / 100 000 individuals exposed to 100 mSv



LAR < ERR or EAR … 

• Clearly one or both models are in error.

• Because of the paucity of data, unfortunately, 

it is not possible to determine which model is 

more accurate.



BEIR VII committee 

• The BEIR VII committee resolved the 
differences between ERR and EAR models by 
combining estimates from them by using the 
following expression:

• LAR = p . LAR (ERR) + (1 - p) LAR (EAR)

• where p is determined by the views and 
opinions of the committee members.



Caution in BEIR VII report

• BEIR VII report states further that the             

“…range of plausible values for lifetime risk is

consequently labeled a ‘subjective confidence 

interval’ to emphasize its’ [sic] dependence on 

the opinions of the committee in addition to 

direct numerical observation”



Hendee W R , O’Connor M K Radiology 2012;264:312-321

Expected number of Solid Cancers (LAR)
With subjective confidence interval

For 100 000 individuals exposed to 100 mSv

Liver Expected : 12 – 95% CI:  1 – 130  

Prostate Expected : 44 – 95% CI:  < 0 – 1860



BEIR VII statement

• Many articles using BEIR VII report data omit 
to acknowledge the limitations of BEIR VII and 
accept its risk estimates as scientific fact 
rather than as a consensus (averaged) opinion 
of a committee.



RERF – Ongoing Study

• Furthermore …. 



RERF – Ongoing studies
Update < 2012

Radiation Research 2012: 243, 229-243



Osaza et al Data

• It is standard practice (e.g., in the BEIR VII report) to claim:

– « RERF data are consistent with the LNT model » 

– « low-dose radiation can increase the risk of cancer »

• However, the latest update to the RERF by Ozasa et al. 

– Is qualitatively different from earlier such reports

– shows lower than expected cancer rates in the 0.3–0.7 Gy dose region



Curvature of the Dose 
Response Relashionship.

The observed curvature of the dose-risk relashionship in the lower
dose range cannot be explained with the LNT model but is
consistent with the radiation hormesis model



A Epidemiological studies

• A1: BEIR VII

• A2: Studies on Pediatric CT



A2: Epidemiological Studies
on Pediatric CT

• Several Authors attempt to prove the direct increase 

in cancer risks from CT

• The target population is pediatric.

• Secondary aim is to prove the LNT model

Pearce MS et al. Lancet 2012;380(9840):499–505
Mathews JD et al. BMJ 2013;346:f2360
Huang WY et al. Br J Cancer 2014;110(9):2354–2360



Epidemiological Studies
Pearce, Lancet 2012

• 3.18 fold Cancer Risk if Brain CT with > 30 mGy



Matthews JD et al. BMJ 2013; 346

• Excess risk for leukemia and solid cancers
• « Dose response relashionship. » - LNT model



Current Scientific Evidence …?

Harvey HB et al.
Radiology 2015; 275(2): 321–325 

Nagayama Y et al. 
Radiographics 2018; 38(5): 1421-1440.



The studies by Pearce et al and Matthews et al . lacked a control 

group

• failed to account for pediatric medical conditions that would 

confound the study results 

• failed to detect a known association between leukemia 

incidence and these conditions  

• Typical condition: patients with Down syndrome, genetic 

syndromes and immune deficiencies have a greatly increased 

risk for childhood leukemia and increased exposure to 

diagnostic imaging



Huang, W-Y et al. BJC 2014

In contrast, the Taiwanese

study excluded
children with disorders
that might increase
cancer risk, including
Down syndrome, and 
demonstrated no
increased risk for 
leukemia
But … small increase in 
benign brain tumors



Journy L et al. BJC 2015

In a retrospective cohort study from
France, 67,724 children who
underwent their first CT study before
the age of 10 years showed no 
significant increased cancer risk from
CT when adjusted for cancer-
predisposing factors.



Reverse Causation

• Reverse causation occurs when CT scans are performed

because of initial signs or symptoms of cancer.

• This cancer later may be assumed to be the 

consequence of CT, rather than the reason for the scan. 

• To minimize this bias, the exclusion interval (ie, lag

time) from the time of CT exposure to cancer diagnosis

was set at 1–5 years. 

• This period may have been too short to exclude

reverse causalities completely

Walsh L et al. , J Radiol Prot 2014;34(1):E1–E5



CT Induced Cancers in Children

• All studies suffer from

– Lack of precise dose registering

– Lack of registering clinical indications (cancers 

themselves not excluded). 

• New European Project on 1 000 000 children

(EPI-CT)  - Int J Environ Res Public Health 2013;10(2):717–728



LNT or not LNT?

A. Epidemiological studies

A. Biological studies



Cancer Risk Quantification for LLR

• Basis: any single particle of radiation hitting a single DNA 

molecule can initiate a cancer.

• The probability of such a cancer initiation is proportional

– to the number of such hits, 

– to the number of particles of radiation, 

• Thus the risk is proportional to the dose: this is the “linear 

no-threshold” model (LNT).



Basics of LNT model: DSBs

• DNA double strand breaks (DSBs) are considered as 

responsible for cancer induction*

• DSBs can be quantified in cell cultures after low doses 

down to zero dose*

• DSBs can be quantified in human WBCs and increase 

after one MDCT examination **

• DSBs count also increases after Iodine injection *** and 

after any stress (infection, physical exercise ….)

*    Chadwick KH, Leenhouts HP. Risks from Ionizing radiations in 

Radiation Dose Fron Adult and Pediatric  MDCT. Springer Berlin

ISBN 3-540-28888-0

**   Rothkamm K et al, Radiology January 2007 242:244-251

***  Grudzenski et al. Radiology 2009 253:706-714



LNT at Biological Level. 

• The problem with the LNT is that factors other than 

initiating events affect carcinogenesis. 

• Human bodies have biologic defense mechanisms 

that prevent almost all initiating events from 

developing into a fatal cancer 

• In addition, substantial evidence exists that low-level 

radiation may even be protective against cancer—a 

view known as hormesis. 



Take Home message
Radiation protection

• The LNT model reached large consensus among 

authorities 

• Conservative approach (precautionary principle)

• Any radiation should be justified and minimized.



Risks Specific to Oncology
Patients



Risks Specific to Oncology
Patients

• Radiation Risks decrease with age

• Delay > 10 years to develop solid cancers

• Cancer risk increases with age



Radiation Protection in 
Oncology Patients

• It makes sense if

– Life expectancy is not reduced (thyroid, gonads, 

leukemias..)

– Cancer patients are young

• Debatable

– New therapies incucing long survivals



• https://www.xrayrisk.com/calculator/calculato

r-normal-studies.php

• Risk calculations based on the LNT and the BEIRVII  - LAR 

method (overestimations). 

• Not to be used for individual patients but only for population-

based calculations

https://www.xrayrisk.com/calculator/calculator-normal-studies.php
https://www.xrayrisk.com/index.php


CT Chest-Abdomen-Pelvis
23 year old male
4 examens 

https://www.xrayrisk.com/index.php


CT Chest-Abdomen-Pelvis
21 year old female
4 examens 

https://www.xrayrisk.com/index.php


CT Chest-Abdomen-Pelvis
83 year old male
4 examens 

https://www.xrayrisk.com/index.php


Take home message in 
oncology patients: 

• Whatever the exam and the patient’s age or 

gender, the additional risk from CT is

negligible.



Belgian Law< FANC 
EU2013/57 Directive

Published Feb 20, 2020, effective March 1, 2020



Belgian Law< FANC 
EU2013/57 Directive

Any exposure that cannot be fustified is forbidden

Any imaging request has to take guidelines in 
medical imaging into consideretaion



Belgian Law< FANC 
EU2013/57 Directive

Any exposure must be associated with a benefit
either for the patient or for the population and or civil 
society. 



Benefit must outweigh
Radiogenic Risk

CT 
Screening

Risk

Benefit



B/R in routine clinical practice

• Benefits and risks must be compared though 

the number of saved vs. lost lives. … !

• In routine clinical practice, 

• Radiation doses are supposed to be very low

• Benefits are supposed to be much larger

• but have never been and cannot be calculated



Screening

• The balance beween riks and benefit can be
calculated (saved vs lost lives)

– Mammography

– Lung cancer screening



Model for B/R estimation:
Lung Cancer Screening  

• 1,4 million deaths per year worldwide

• Fewer than 15% detected at stage I

• Stage I : 5-years survival: 70%

• Advanced stages: 5-years survival: <10%

• Screening of at risk asymptomatic population



Benefit vs. Risks in Lung CS

•

BMJ 2017;356:j347 | doi: 10.1136/bmj.j347



Cosmos Study, Italy

• MDCT in heavy smokers

• Age > 50 years

• 5203 subjects

• Annual MDCT for 10 consecutive years

• Recalls for suspicions findings with LDCT and 

PET/CT

BMJ 2017;356:j347 | doi: 10.1136/bmj.j347



BMJ 2017;356:j347 | doi: 10.1136/bmj.j347



BMJ 2017;356:j347 | doi: 10.1136/bmj.j347



Radiogenic Risk vs. Benefit

Annual CT 
Screenning

Benefit/Risk: 
66/1

Risk

Benefit

259 detected cancers 

2,4 major
cancers induced



NLST Study

NEJM 2011;365(5):2643-2653



NLST, USA

• LDCT vs. PA chest in heavy smokers (>30 P-Y)

• Age 55-74 years

• 53 454 subjects (26 722 LDCT)

• Baseline imaging + 2 annual follow-up.

• Septembre 2002 – April 2004 

NEJM 2011;365(5):2643-2653



NSLT: Dose Quantification

AJR 2017 May;208(5):1082-1088.. 



NSLT Risk Quantification

AJR 2017 May;208(5):1082-1088.. 



NLST Induced Cancers

• 2,5 mSv x 100 000 = 250 Sv

• Normalized Risk: 5 deaths / 100 Sv

• Total induced death by cancer: 12,5 deaths



NLST Benefits

• 247 deaths / 100 000 in the LDCT group

• 309 deaths / 100 000 in the radiography group

• 62 saved lives by LDCT / 100 000 

N. L. S. T. (2011). NEJM, 365(5), 2643–2653 



Radiogenic Risk vs. Benefit

Annual CT 
Screenning

Benefit/Risk: 5 
62/12,5

Risk

Benefit

62 saved lives

Mortality by 
Induced cancer:

12,5



Doses reduce over time

• NLST  - CT Dose (2004) : 2,5 mSv

• COSMOS: CT Dose  (2014): 1,0 mSv

• Nowadays: ULDCT= 0,1 – 0,3 mSv



Nelson Trial (Be/NL)

• 26% mortality reduction in men

• 60% mortality reduction in women

• Less repeated scans than in NLST

• B/R should be much higher than 5



Should I optimize in Oncology
patiients?

• Life expectancy can be high

– Lymphoma

– New therapeutic approaches in carcinoma

• Focus on young patients. 



Optimization

• In screening, ’ULTRA-LOW-DOSE’ CT

• In diagnosis:

– Low-dose (reduced image quality) for FU of 

lymphoma, testis carcinoma (young patients) 

– For all other, keep image quality at a good level

(Level 3,5 to 4 of a 5-point Likert Scale)



Image Quality vs Dose

IQ

DLP mGy.cm

Eur 680RDL: 400

P25: 250

P5: 100

LDCT: <20
1

5

3 IQ=3,5-4.0

IQ= 2,5-3.0



Aged Oncology patients

• Image quality is the main goal

• No need to big compromises



With Siemens scanners, aim to be lower
than P25 FANC values

• Chest: DLP < 100 mGy.cm (P25=170)   *

• Abdomen: < 200 mGy.cm (P25=320)   *

• Th-Abdo-Pel: < 300 mGy.cm (P25=320 in 1 

phase and P25 < 480 if multiphase)   *

* Median value of samples of data > 300 – 400 exams according to 
Taylor et al. European Radiology 2017



Technical Advices to be used

• AEC (CareDose) switched on 

• ATPS (Care KV) on

• Recon WITH Iterative techniques

• Unenhanced: Use Sn filters

• Iodine enhanced: focus image quality on the 

liver (green lines)



Image Quality according to Z axis

• Standard mAs on the 
liver (Highest IQ) – green 
lines

• 1/2 mAs on Pelvis (lower
IQ  but OK

• Global dose reduction
>30% for abdomen-pelvis 
acquisitsions

• To be used for Chest-
Abdo-Pelvis as well



ULD CT in Lymphoma: 27 years-old woman with
cough for 2 month. Dyspnea. 



ULD CT in Lymphoma: 27 years-old woman with
cough for 2 month. Dyspnea. 

1 line for each x-ray exposure
Dose from topogram converted into DLP
Sn100 means Tin Filter (unenhanced CT only)
L means large CTDI phantom, 32 cm in diameter (body)
S phantom only for brain



Low-Dose Chest-Abdomen-Pelvis in FU of 
Operated Right Adrenal Carcinoma in a 25 

year—old-man weighting 63 Kg. 



Low-Dose Chest-Abdomen-Pelvis in FU of 
Adrenal Carcinoma in a 25 year—old-man

weighting 63 Kg. 

Iodine enhanced: no use of Tin Filters



FU of Liver Mets – 76 Kg
2 phase exam – P25 = 480 mGy.cm



FU colon carcinoma in Obese Patient
Two--phase acquisition



FU colon – Obese
Added value of biphasic protocol

= pick-up pulmonari emboli!



Summary

• Irradiation:  Linear-no-threshold model: debatable

• Absolute risks in CT are VERY LOW

• Benefit/Risk ratio in screening: very high

• Image oncology patients: 

– Image quality is main goal (i.e.in old patients)

– ULDCT in young cancer patients

– Optimization: < P25 is an easy goal with Siemens scanners


