~ Carcinogenesis
& other Detrimental
Effects of Radiation
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DETRIMENTAL EFFECTS OF RADIATION

" The effect of radiation on health is dependant on the
dose and also the organ at risk .

* Possible detrimental effects
- Death
- Carcinogenasis
- Hereditary effacts
- Chrenic organ damage
- Non-specific life shortening

RADIATION EXPOSURE

* Natural background radiation comes from cosmic
rays and radioactive elements normally present
in the solt. This is the major contributor to
worldwide radiation exposure.

* Non-medical synthetic radiation
- OCCUrs as a result of above ground nuclear

weapons testing that took place before 1962 as
well as occupational and commercial sources,

* Medical radiation -

~ Diagnostic x-rays eg CXR, CT
- Radiation therapy.

NATURAL vs ARTIFICIAL RADIATION

Tonizing Radiation BExposure to the Pobilic
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80% of our radiation dose comes from background radioactive saurces,
- Internal sources include 40K in the blood
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RADIATION AS CARCINOGEN

* lonizing radiation has been shown to cause
cancer
- in different species of animals and
- inamost all parts of the body,
*. It is a relatively weak carcinogen compared to
many chemical agents.
- Many yéars may elapse between the radlatlon
exposure and the appearance of cancer.

- Elapsed time varies between solid tumours and
haematological malignancies

MUTATIONS AND CARCINOGENESIS

. DNA in cells damaged by rad!atlon may be repalred
and cell survive radiation damage.

- If repair is imperfect, cell may inherit damaged DNA.
These cells are mutated.

- Further accumulation of DNA damage may lead 1o
cancer formation (carcinuganesis)_

- This Is cafled stochastic effect

STOCHASTIC EFFECTS

* Characteristics
— No threshold dass
- May occur at any radiation dose
- Probability increases with increasing dose
- Severily indepandent of dose

" - Eg cancer induced with 1 Gy same as cancer induced at
10 Gy

EVIDENCE OF RADIATION .CARCINOGENESIS

* Skin cancer in early x-ray workers

* Radiologists in early 20" century

* Bone tumours fn radium dial painters

* Liver tumours with thorothrast contrast

* Breast cancer with TB flucroscopy

* Thyroid cancer with irradiation for tinea capitis
* Survivors of atomic bomb and Chermobyl

* Lung cancer in uranium mine workers
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Radium dial workers Ingested Radionuclides and sarcomas

* Possible threshold dose around 10Gy

THRABG

* Young women worked
in factories painting
radium on watches
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RADIATION CARCINOGENESIS

* Risk varies by :
- Radiation dose
- Higher more rigk, fractionated less
- High LET ~ linear increase with dose
" - Low LET -linear increase with (dose)?
- Organs af risk :

- Different organs have different risk
- Bone marrow, breast & thyroid have higher risk

Single vs fractionated RT
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- Time of exposure ‘
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Risk by Gender and Age
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Deterministic and stochastic effects
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* Atlow and very low radiation doses, statistical and other
variation In baseline risk tends to be the dominant source of
error in both epidemiological and experimental
carcinogenesis studies, :

Estimates of radiation-related risk tend to be highly uncertain

both because of a weak signal-to-noise ratio and because it

Is difficult to recognize or o control for subtle confounding

factors. C '

* Extrapolation of risk estimatas based on abservations at
mederate to high doses continues 1o be the primary basls for
estimation of radlation-reJated risk at low doses and dose
rates, . :

} BIER VIl estimates of cancer risk

*+ Atdoses of 100 mSv or less, statistical limitations -

make it difficult to evaluate cancer risk in humans.
*  The "linear-no-threshald” (LNT) model

- The risk would continue in a linear fashion at lower
doses without a threshold

- the smallest dose has thé potential to cause a small
increase In risk to humans.

Bele Vii: Haalth Risks from Exposure to
Low Levels of lonizing Radiation

Risk of excess cancers

* Estimated risk of 100 mSv exposure to 100 600

population
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EXCESS CANCERS WITH IRRADIATION

Teble 2.5, Dilstribunion of, subgms ol sancers, and osfimnied endiatiotasadioned,

wxoess swlid Cincen amoig 79,901 exposed meinbicrs oF the Lide Bjjon Shidy Goliort of
Hisgshiian-Nugasakt Momie boanb sirvivors {Pearce and Preston, 2000),
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* There is no direct evidence, from either
epidemiclogical or experimental carcinogenesis
studies, that radiation exposure at doses on the order

of 1 mGy or less is carcinogenic

. Animal tumor data from experimental carcinogenesis
studies tend to support a dose response that, at low
doses, is linear with no threshold.

MODEL OF CANCER RISK WITH RADIATION

* Shape of cancer risk
may be linear or
sigmoidal

* Theoreticaily no
threshold should exist
- But difficult to prove

in reai life

* Data is available for
doses 0.5 - 5 Gy
- Extrapolation for very

low doses

r——

3
.

)




21/05/2012

OTHER MODELS

Beterministic Effacts
Thrashold-Slgmotd

“Slochastic Effects
Linear-No Busshoty

Linear-Quadratic
vy il

% of Exposed
Individuals Affected

0 threshaold

Radiation Dose

DOSE-RELATED RADIATION EFFECTS

* Carcinogenesis Is a stochastic effect .
- The pml:nat:-iliif\I(I that cancer will result from radiation exposure
increases as the dose increases.
- Butnot the severity of cancer
* Low-Dose Radiation Exposura
.- Anumber of studies over the past 20 years have looked at the
impact of environmentat radiation exposure in the dose range of
0 cCy or less.
- Caraful anal\(]sls of this research revesled no significant
increase In the incidence of all cancers combined, or of cancers
in specific parls of the body. . .
* Types of Cancer Associated With lonizing Radiation
- Leukemla is a major malignancy induced by radaltion
- Leukemlas begin appearing as early as 2 years after aclita
radiation exposure. .
~ Other cancers also oceur but 1zkes longer ta develop (usually at
least 10 to 15 years),

DOSE-RELATED RADIATION EFFECTS

Studies of the survivors of the atomic blasts have demenstrated
that high-dose radiation:(at laast HcGy) increases the risk of
tdeveloping several types of cancer.
For these survivors, the risk of develapingi leukemia is five and a
half times greater than in the general public, -
- Children appear to be twica as sansitive as adults to the
leukemla-causing effacts of radiation,
- Linbern childrer exposed ta radiation In the uterus are even:
mara sensitive. .
. The risk for develnplngbany type of cancer in those hl?hly
exposed to an atomic blast is about 50% highar than the risk in
those not exposed,

Increased risk include : Female breast cancer, Jung and
myeloma :

Estimates of biological effect

with different radiation tupes_
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Leukaemia and solid cancer risk

Clhew vancars {ihyrokd,
bezast, lurig, large intesing,
slomach, sle.} A

atloukeia
dealhy duo to
adlalon SXpasire | -

Loukemia .

- Ndriber gf
- R cancer

b e o PV

o : . S0
it Glyesrs sher K-bom radis e

RADIATION WEIGHTING FACTOR
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* As different forms of radiation have different
carcinegenic potential, a radiation weighting
factor is apptied

ORGAN SENSITIVITY TO
RADIATION CARCINOGENES!S

* Organs differ in their sensitivity to radiation.
- The thyrold gland and bone marrow are most sensitive
- kidney, bladder, and ovary are least sensitive,
* Evidence that ionizing radiation causes cancer comes
from studies of
~ . atomlc bamb survivars in Japan,
~ persons exposed to farge amaunts of X-rays,
~ occupalional exposures,
- workers with (ung exposure to alpha radiation.
- Radium dial workers _
* These studies, however, generally involved relatively
high-dose exposure - greater than 10 centigray.

~ Therefore, the risk estimates far lower dosss of radiation have to be
astimatad from the high-dese data, and may not be accurate,

TISSUE WEIGHTING FACTOR

Tablo A:3. Tissue Welghling Pactors

* Due to differing
sensitivity of tissues to

radiation o
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IS RADIATION RISKIER THAN OTHER COMMON

ACTIVITIES

-

Anather way of looking at risk, is to look at the
Relative Risk of 1 in a million chances of dying of
activities common to our society, :

Smoking 1.4 cigarettes (lung cancer)
Eating 40 tablespoons of peanut butter
Spending 2 days in New Yark City (air pallution)
* Driving 40 miles inacar _ (accident)

* Flying 2500 miles in a jet (accident)
Canoeing for 6 minutes

* Receiving 10 mrem of radiation {cancer)

-

RISKLEVELS OF'VAR'IOUS ACTIVITIES
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COMPARING RISKS

RADIATION DOSES FOR RADIOGRAPHS -

The following Is & comparison of the risks of s'ome-madlcal

exams and is based on the foltowing information:

* Cigarette Smoking - 50,000 g cancer deaihs each year per
50 million smokers consuming 20 cigarsttes a day, or one
death per 7.3 miltion cigarettes smoked or 1.37 ¥ 10-7 deaths
per cigarette

* Highway Driving - 56,000 deaths each year per 100 million
drivers, each covering 70,000 miles or one death per 18
million miles driving, or 5.6 x 10-8 deaths per mile driven

* Radiatlon Induced Fatal Cancer - 4% per Sy (100 rem) far
exposure o low doses and dose rates '

Etfactive Desus tor Common Biagnustic Procedures {Unlted States)
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RADIATION DOSES FOR RADIOGRAPHS
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HOW DOES DIFFERENT BACKGROUND
RADIATION DOSE AFFECT CANCER RISK

The citizens of Colorado are exposed to background raciation of
some 180 mrem per year; the figure for Massachusetts is only
102 -mremyyear,

- [fthe linear non-threshold model is corracl, we would expact i
find a higher incidence of cancer in Golorado than in
Massachusetts.

If radiation is detrimental, we would expect mare cancers in
Colorado,

~ Ifradiation is protective, then less cancers in Colorado
* In 1999, when adjusted for the age of the population, the .
incidence of cancer averaged 16 higher In Massachusetts than
in Colorado, .
Some ather parts of the world have background racfation fevels
much higher than in Colorado, :

- Ramsar, Iran, the inhabitants are exposed ko an annual dose of
background radiation of as much as 13,000 mrem per yaar —
aver 70 fimes that in Colorado. Nevertheless, the inhabitants of
Ramsar are just as healthy as sontrol pupulalions exposed to
far lower levels of radiatlon.

CALCULATING EXCESS CANCERS

If the risk of cancer is 4% per 8v {100 rem)
The population of the U.S. in 2004 was about 294 million.
so anything that increases the annual exposure of the LIS,
population by as little as 1 mrem per year would cause an
additional 294 cases of cancer, .
294 x 108 persong) {1 mrem} =294 cancers
1 x 108 person mrem/cancer
But consider: .
- The current death rate in the LS. Is about 0.G08; that is,
- ~2.4milion people die each year (294 x 106 x 0,008}
- 23-24% of these deaths are caused by cancer, so the number
of cancer deaths each year exceeds 450,000
How can we possible detect an increase of 294 faced with these
large numbers?

Does Higher Background radiation Equaté to

higher risk of cancer?

Study in‘India -

* The coastal belt of Kerala, India, is known for high

background radiation (HBR) from tharium containing

monagzite sand, :

Median outdoor radiation levels > 4 mGy y1 and, in

cerain locations on the coast, as high as 70 mGy y1.

* HBR has been shown to increase the frequency of
chromosome aberrations in lymphocytes

* Acohort of all 385,103 residents in was established in

the 1990's to evaluate health effects of HBR

el R ot a1 Health Phys. 36{1):55~ 56; 2008

10
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Does Higher Background radiation Equate to Does Higher Background radiation Equate to
higher risk of cancer? higher risk of cancer?

* Based on radiation level measurarnents, a radiation * The excess relative risk of cancer excluding leukemia
subcehort consisting of 173,067 residents was was estimated to be 0.13 Gy-1 (95% Cf; 0.58, 0.48).
chosen. . * In site-specific analysis, no cancer site was '

= Cancer Incidence in this subcohort aged 30-84 y (W significantly related to cumulative radiation dose.
69,958) was analyzed. . * Leukemia was not significantly related to HER, either.

*+ Cumulative radiation dose.for each individual was .

Qur cancer incidence study, 'together with

estimaled based on outdoor and Indoor dosimetry. * reparted cancer mortality studies in the HBR area of

Following for 10.5 years on average = 736,586 Yangjiang, China, suggests It is unlikely that

person-years of observation. : estimates of risk at low doses are substantially
* 1,379 cancer cases including 30 cases of leukemia greater than currently believed.
were identified by the end of 2005,

Halr RR et al Health Phys. B8(1368— BE; 2008 Mair RR et al Hezlth Fh}‘.s. 45[1):55- BE; 2003
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SUMMARY

Radiotherapy causes acute and late side-effects
Acute effects are deterministic, dependant on
dose/fractionation and site

Late effects include mutagenesis and
carcinogenesis which are stochastic effects

The actual risk of carcinogenesis with low leve!
radiation is difficult to determine as data is
extrapolated from exposure at higher doses

RADIOTHERAPY IN
PREGNANCY

RADIOTHERAPY IN PREGNANCY

RISKS OF RADIATION TO FETUS

= Treatment of choice for certain tumours eg NPC,
is radiotherapy i

- Not treating maybe detrimental to mother and
felus

* Radiotherapy treatment must be continuous
~ Interruptions may be worse than starting later.
- Change in tumour kinetics

* Addition of chemotherapy
- Improves local control in head & neck cancers
- May improve survival

* Depends on
- Dose to fatus

- Area irradiated
- Dose given
- Shielding

- Fetal age

12
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DISTANCE FROM TREATMENT SITE

RISK VS DOSE

-+ IxeLE VL. Summasy of sisk g5 fncaon of dosg

Base.{Gy) )
<465
BE5-0.18
§40-5.5¢. ‘Signitican: risk of damage
’ . duing first timesier
058 - High risk of damage during
: o _ al:timester

ICRU recommendations

Termination of pregnahcy at fetal doses of less than
100 mGy (10,000 mrad) is NOT justified based upon
radiation risk _
Al fetal doses between 100 and. 500 mGy, decisions
should be based upen individual circumstances

At fetal doses in excess of 500 mGy, there can be
significant fetal damage, the magnitude and type of
which is a fu.nctiun of dose and stage of pregnancy

RISK VS DOSE (2)

% Malformations

T __/‘( :
17 Gastrochisis in mice

4% € AT i

D(;SE SR
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DETRIMENT TO FETUS

Spontaneous abortion

Organ malformation

Genital / skeletal malformation
Mental retardation

* Microcephaly

* Cataract

* Sterility

* Carcinogénesis

Gross Anomalies Caused by Irradiation

= PN TR S TR
uring EAITOEEIICSTS TIT l\’ile

ly Es ~ Normal Angncephaly

(5 live fetnses, 4 resorbed fetuses)

POST-CHERNOBYL

RISK BY GESTATION AGE

* Three periods of risk
- Fertilisation to implantation
- Organogenesis
- Fetal davelopment

14
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'F’RE-IMPLANTATION TIME-LINE OF RADIATION RISK

‘Pravimplantation -Organopenas . Fatis
" 0-9days T i,
* Risk is absolute { 3
- All or nothing

~ May lead to death of embryo
- Malformations rare
- No growth delay

* LDggin mice is 0.5 Gy
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ORGANOGENESIS

RISKS BY GESTATION PERIOD

* 9-60 Days
* Effects
- Intra-uterine death
- Maiformations .
- Neonatal and post-natal death
~ * High risk period for malformations

~ Many different cell lineages uhdergoing growth
and transfermation

- Each fissue have different perlads of maximal
radiation sensitivity

- Doses as low as 5cGy can lead to severe
malformation

15
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' FETAL PERIOD

* 61 days to birth
* Effects .
- CNS (mental retardation
- Growth retardation
- Sterility
- Cataracts
- Carcinogenesis
- Non-spacific life shortening
* Frequency and severity of maiformations smaller
.- Reducing risk with increasing gestational age
- Number of celfs is greater
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Radiation in Man and Animal- Gestation,

LDeath and Anomalieg

Note: Different Reproductive Strategies!

Minimum Dose to Cause Effects in
Embryos and Fetus

Anlmal data .
Qocyle kg {primatag) S0% leshal dose al 6 rads (0.3 Gy)
Cattrai nervous system damags {mouse)  Thirseherd at 1045 (0.1 Gy)

Hu%r:lﬂnﬁrxageammmmﬁmage{mﬁ Thmlmalsmdsmesﬁy}

2 A

Small beed tirtiirfersnce Air kertna 10-19 rads (0.1 to-0.98 Gy
Fetal dose 8 reds (0,66 Gy .
Sunmary . '

Fieadily maasurably damags eaused by dosos befow 10 rads
10:1 Gy) reus exposurs] cefvared 2t sangilve siages

Summarited trom Commities on the Blolagicat Effeets of larizintg Aasbiation: Tha Ellscts on Prglations of B
Posura to Low tevels of lonizing Radlatin, Waskington, DG, Nationa# Academy of Sefances, Fo5g,

TABLE 122, Mizimum Doses at Which Effagts on iha Embiryo and Fotus Have Besn Observed

|
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Risk to fatus

. Naiurally-occurring genefic (i.e,, hereditary) diseases
arise as a result of alterations {mutatians) occurring in
the genetic material (DNA) contained in the germ
cells {sperm and eggs) and are heritable (i.e., thay
can be transmitted to the offspring and subsequent -
generations). :

* Studies of 30,000 children of exposed A-bomb
survivors show a lack of significant adverse genetic
effects.

CONCLUSION

* No fixed policy regarding chemotherapy or
radiotherapy in pregnancy ‘
- Treatment “individualisad®
* Consider risk to fetus and probability of
cancer cure
~ Estimate dose to fetus by monitoring dose to abdomen
* Theoretically safe to irradiate Supra-
diafragmatic area beyond 26 weeks
- Versus rate of spontaneous malformation,
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