LOW DOSE RADIATION
IN RADIOLOGY:

Consultancy Meeting on Science and Technology and Society Perspectives on
Nuclear Science, Radiation and Human Health: The International Perspective
Hiroshima University, Japan; May 23-24, 2017

Miriam Joy C. Calaguas, MD, FPCR, FPROS
Department of Radiotherapy

Jose R. Reyes Memorial Medical Center, Philippineg;

-~ e




RADIATION EFFECTS

Measurements in millisieverts [mSv). Exposure is cumulative. trigger cataracts months later,
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400 mSv: Highest hourly radiation recorded at Fukushima
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0.1 mSv: Single chest x-ray



‘\i ™y »
'f - "t’ \1 B T © r; Lok, Ol
P ‘l P 4 g,-h:;

‘f.-.» fo;.xt . ‘(‘1 q(‘.‘

e ;_:lﬁzue (20) ‘. ‘

S.A,-',

Place where their father
experienced A-bombing M

cemedia.jp

/ hiroshimapea

Mother of Akiko kamuraThomson
F|||p|no OIymplc SW|mmer

.
.\N‘\"






LECTURE OUTLINE




Definition of Radiation




HISTORICAL PERSPECTIVE:

1899: 1st Innovations
1895: patient 'O R in
Roentgen CURED with /*Ga&: | Technologies
described radiotherapy ‘ in the use of
X-rays | radiation

1898: the up to 1920’s,
Curies O 2 GROWTH
discovered (=2 period of
radium ¥ clinical
radiolc




Definition of Radiation

- “Radiation is an energy in the form of
- Electro-magnetic waves or particulate matter
- Traveling in the air




INFRARED

Glass prism

Visible
Light

Microwave






+ “USE of high-energy
X-rays

To KILL cancer cells

DESTROY their ability
to

Multiply

Spread

Normal cells: Better
RECOVERY

Affect ALL cells
Cancer cells: More

sensitive to DAMAGE




Radiation induced DNA damage

Primary Target of Radiation: DNA

»
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INDIRECT
ACTION




Quality of radiation

Quantity of

radiation
Potential Biologic

Effects and
Damages

Radiation
Exposure

Received Dose of
Radiation

Exposure

Conditions (Spatial
Distribution)

The different kinds of radiation have differentenergy loss effects LET.



Low Dose Radiation
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Low Dose Radiation Exposure

® Dose up to 100 mSv

o United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) 2012 report

Low-dose Radiation Exposure and Carcinogenesis. 2012
Keiji Suzuki1 and Shunichi Yamashita1,2



Exposure to radiation

¥

lonizations, etc.

¥

Chemical changes

b4

Alterations in cell

metabolism

Low doses

Stochastic

Permanent modifications in
functioning of some cells

Long delayed effects of
radiation such as genetic
changes or the induction of
cancer

/

High Doses

eterministic

Microscopically observable
damage

Death of individual cells

&

Radiation sickness (which
can lead to death) in
multicellular organisms




Natural and Background Exposure -




Radiation Sources are Everywhere

.- Radioactive Soil and Rocks




% Contribution of Sources of Exposures

Internal Space
(background) (background)

Terrestrial (5%) (5%)
(background) (3%) Radon & thoron
(background) (37%

Computed tomography
(medical) (24%)

Industrial (<0.1%)

Nuclear medicine Occupational (<0.1%)
medical) (12%

( & ) Interventional Consumer (2%)

fluoroscopy Conventional radiology/fluoroscopy

(medical) (7%) (medical) (5%)

Hall and A.J. Giaccia, Radiobiology for the Radiologist, Seventh Ed., Lippincott, Williams and Wilkins, 2012
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Low Dose Radiation in Medicine




Ingestion
9.56%

| N
V&

Atmospheric
nuclear tests
0.16%

Occupational
exposure
0.16%

External terrestrial
radiation
15.83%

| ‘Cosm'c radiation

12.86%

Nuclear fuel cycle
0.01%

United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) 2008 report




Contributions to the Effective Dose from Radiology

Nuclear medicine
| (25%)

Interventional
radiology
(15%)

Conventional
radiology fluoroscopy
(10%)

E.J. Hall and A.J. Giaccia, Radiobiology for the Radiologiist, Seventh Ed.
Lippincott, Williams and Wilkins, 2012



TYPICAL DOSES

Source or mode Typical dose (mSv)

10 hour aeroplane flight 0.03

Chest x-ray 0.05

CT scan 10

Annual dose from natural background 2.4

Annual dose to nuclear worker 1

Annual cosmic radiation at sea level 0.4

Annual cosmic radiation Mexico City (2 300m) 0.8
Chernobyl recovery workers in 1986 150

m = milll = 1 thousandth

(3)1AEA S,




lonizing Radiation

Dose in mGy or mSv

Conventional X-rays  0.02-10

Conventional Complex X-rays  3-10

CT 515
Spiral CT ~ 10-20

Angiography 10-200

Interventional 10-300

Nuclear imaging 3-14

Annual background radiation 2.4mSv

Health Risks From Exposure to Low 1 evels of lonizing Radiation: BEIR V11 Phase 2 20006.



Cancer Risks from Diagnostic Radiology

Procedure

Typical
Effective Dose
(MmSv)

Equivalent
# of Chest

X rays

Equivalent

Background
Radiation
(@2.4mSvV/yr)

Added
Lifetime
Cancer Risk

(@0.005%/mSv)

Chest x ray

0.05

1

1 week

0.00025 %

Mammography

0.4

8

2 months

0.002 %

Barium x ray
(enema)

8.0

3.3 years

0.04 %

CT Scan Abdomen

7.0

3.0 years

0.035 %

Cardiac Fluoro

4.7 years...

0.05... %

NOTE : Natural mortality 0.25 % per year (Ontario)



m=not statistically significant; ®= statistically significant [p<0.05]

o
=
o
L

o
A

2

o

o

T

Dose Range in Group (mSv)

Cancer risks attributable to low doses of ionizing radiation: Assessing what we really know by Brenner et al (2003)




Excess lifetime risk of mortality (averaged over both sexes)®

Acute dose Solid cancers combined Leukaemia
(Gy) (percentage at specified dose) (percentage at specified dose)

0.1 0.03-0.05

1.0 = B 0.6-1.0

Source: Effects of Ionizing Radiation: United Nations 5cientific Committee on the Effects of Afomic Radiation — 2006 Report
to the General Assembly, with Scientific Anmexes A and B, vol. I (United Nations publication, Sales No. E.08.IX.6 and corri-
gendum), annex A, para. 593.

“dn excess lifetime risk of 1.0 per cent equates to 1 additional case per 100 people.




RADIATION DOSES AND EFFECTS

b

g 3

6,000
B,000
1.00

3b

EFFECT

Fatal within weeks

Typical dosage recorded in those Chernoby lworkers whio died within a month
Single dose which would kill half of those exposad to itwithin a month

Single dose which would cause radiation sickness, nausea, but not death

M axirmum radiation levels recorded at the Fukushima plant on March 14, per hour
Exposure of Ehemnhp__rl residents whowere relocated

=
=
i

Lowrest lewel linked to increased cancer risk ]

—=ma

A

Full-body CT scan
Exposure of airline crew travelling the polar route from NYC to Tokyo, per year

Matural radiation towhich we are all exposad, peryear
Chest x-ray
Dental x-ray



Table 1. Fatal cancer risk coefficients at low doses or dose rates as a function of age at exposure, from Goodenough
(2001) [10]

Age (years) 0-20 21-40 41-60 61-80

Lifetime probability of fatal cancer (% Sv™')

Low dose radiation risks by Dendy et. al. The British Journal of Radiology, 76 (2003), 674-677
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Low Dose Radiation: Effects
Hiroshima RERF A-Bomb Cohorts CE—

= ' i ‘**’. ';.I'..__ e

Conon =ize Carcinogenesis
Life Span Study 120,000

Allows an estimate
of cancer incidence

and mortality
Mental
In-Utero Cohort 3,600 .
Retardation
Allows estimates of
mental retardation,
microcephaly, etc.
Children of 77,000 .
S Hereditary
individuals Allows estimate of effects

heritable effects O 2%/ SV

Health Risks From Exposure to Low 1 evels of lonizing Radiation: BEIR V11 Phase 2 20006.




Nominal risk coefficients for cancer and heritable effects (% per 3v).

Cancer Heritable effects Total

Exposed
Population ICRP 1980 ICRP 2007 ICRP 1930 ICRP 2007 ICRP 1980 |ICRP 2007

Whole
population

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 2007 Recommendations of the ICRP,
Publication 103, Pergamon Press, Oxford (2007).



General Principles

International

Department Of Radiotherapy
Authorized staff



Radiation Protection Principles

~

e Members of the Public =1mSv/y

Dose limitation

e Occupationally exposed personnel = 20mSv/y

.
>
Justification
\_ _J
- )

Optimization

Y
VAN

Guidance levels

. /




Categories of Exposures

International Basic Safety Standards
Medical

Occupations

for protecting people and the environment
Public

Radiation Protection and
Safety of Radiation Sources:
International Basic

Safety Standards

Jointly sponsored by
EC, FAQ, IAEA, ILO, OECD/NEA, PAHO, UNEP,
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General Safety Requirements Part 3



Medical Exposure

a )
Patients as part medical or dental diagnosis and

treatment

- )
- ~
Relatives, friends, individuals (non-staff) who
voluntarily help in support and comfort of patients

\ e
- ~
Volunteers in a program of biomedical research

- _




Public

" ( Relatives, friends

People living and other

around a Visitors to the ersons who ma
radiotherapy department P . Y
ey be in contact

with patients

Not necessarily:
Partners and non-
occupational
persons who are

involved in care or
comforting the
patient







Types of Monitoring

Area Personnel
monitoring monitoring

eSurvey e Personal




CONCLUSION

Carcinogenesis
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