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Less than a nanosecond

Radiation absorbed Secondary reactions

1. DNA damage
2. proteins altered
3. molecular changes

1. ions
2. excited molecules
3. free radicals

Less than seconds
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Health effects

Biological effects (population level)

1. cell death inci
2. mutations Lszc{lFf/%che
3. cancer 3. ERR/EAR

Up to lifetime

Days to years or next generation

CtsE  X| E: Incidence, Prevalence,
Rate ratio, Odds ratio, ERR/EAR,
Attributable risk, LAR S

CHfot  CIt8EE - Cohort study,
(nested) Case-control study, Cross-
sectional study, Ecological study,
Systematic review &



a) Agency (causal potential)

b) Background Randoemness (random confounding)

¢) Connections (correlated causes prodtucing non-random confounding)

d) Diagnosis (insensitivity and nonspecificity)

e) Encoding of Exposure (insensitivity and nonspecificity)

f) Filing (missing data, other data aggregation errors)

g) Grouping (generating hypotheses, forming cohorts)

h) Harvesting (loss to follow-up, case-control selection)

i) Inference (mismodeling, misinterpretation)

j) Journals (publication bias)

k) Knowledge Use (biases in
reviews & meta-analyses)
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. HEM(association) vs. 211}d (causation)

Maclure & Schneeweiss. Epidemiology. 2001
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Radiation-Related Cancer Risk
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Esophagus Sufficient Non-linearity
Stomach Sufficient Linearity

Colon Sufficient Linearity

Thyroid Sufficient Linearity

Ovary Sufficient -

Pancreas Limited Linearity

Lung Sufficient Linearity
Non-melanoma skin Sufficient Upward curvature
Leukemia Sufficient Upward curvature
Cutaneous melanoma Inadequate 3

Uterus (cervical) Inadequate 3

Hodgkin lymphoma Inadequate 3

Sufficient (15), Limited (9), Inadequate (3)
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Excess Relative Risk
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HF WEX} A (FRY, 1958-2009)

A

Excess relative risk

Males
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1958-1987
L Hne—— Males 3,731 0.29 0.82 4,878 2.34 0.03
Brenner et al. Rad Res 2022 " emales 3,885 0.22 0.64 6,053 0.04 0.85
1988-2009
Males 3,793 5.99 0.02 5,595 1.52 0.02
Females 4,010 4.97 0.003 6,012 0.23 0.37
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Full dose range

Relative risk

40

35

B

25

20

15

10

0.5

0o

Little et al. Rad Res 2025

Restricted to < 0.5 Gy
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Cohort Profile: The International Nuclear
Workers Study (INWORKS)
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Relative rate of death from leukemia
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Diagnostic radiation represents an indispensable toel for madern medicine. Physicians see benefits of using computerized tomography {CT) scanning in
their daily clinical practice. The growth of CT use in children has been driven primarily by the reduction in the time needed to perform a scan. As a
consequence, it is now possible to perform more examinations in a given time, extend the scope of some examinations, as well as introduce seme new
techniques and examinations. The ease of acquisition of images results sometimes in unnecessary exposure of patients to radiation, particularly in
developed countries. Furthermore, organ doses from CT scanning are considerably larger than those from corresponding conventional X-ray. For
example, a dose to the stomach from a conventional abdominal x-ray examination is approximately 0.25 mGy, which is at least 50 times smaller than
the corresponding stomach dose from an abdominal CT scan (Brenner & Hall, 2007).

The growing use of CT technology despite the introduction and wider use of other modalities, such as
magnetic resonance imaging, raises concerns in radiological protection, especially for children and
adolescents. Children are generally more sensitive to the carcinogenic effects of ionizing radiation than
adults. In addition, they may receive even higher radiation doses from a CT procedure than an adult.
Empirical evidence supporting such concerns comes from recent epidemiological studies in the UK and
Australia that have reported statistically significant increased risks of cancer associated with paediatric CT
scans. Direct estimation of the health impact of CT radiation remains imprecise, however, and further large-
scale epidemiological studies with more accurate dosimetry and assessment of potential biases and
uncertainties are needed. The "Epidemiological study to quantify risks for paediatric computerized
tomography and to optimise doses” (EPI-CT) was set-up to investigate the relationship between the
exposure to ionizing radiation from CT scans in childhood and adolescence and possibly attributable late
health effects. Eighteen centres from Belgium, Denmark, Germany, Finland, France, Luxembourg, the
Netherlands, Norway, Spain, Sweden and the United Kingdom will coeperate in this project to enrol
approximately one million patients. The knowledge gained on current and past CT examination practice will
help to propose strategies for further dose reduction

Estimated size of cohorts

Relative risk for all brain cancers

10—

Hauptmann et al., Lancet Oncol. 2023
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-a Cancers other than leukemia
5 -8~ Leukemia (excluding CLL)
I — Atomic-bomb survivors (all solid
cancers, at age 70 y after exposure
5@ atage 30y)
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Lubin et al., J Clin Endocrinol Metab. 2017; Little et al., Br J cancer. 2023
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PROCEEDINGS B A restatement of the natural science
evidence base concerning the health

rspb.royalsocietypublishing.org S o
effects of low-level ionizing radiation
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