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IS THE LINEAR NO-THRESHOLD DOSE-RESPONSE PARADIGM STILL
NECESSARY FOR THE ASSESSMENT OF HEALTH EFFECTS OF LOW DOSE
ATION?
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® Target theory

Linear-no-threshold models

® non-targeted effects
Bystander effects

Adaptive response

SAHAR LAALPOUR

Damaging
biological
effect

Beneficial
biological
effect

With scientific proof

Radiation Dose




DEFINITION:

® Any low | genetic mutations)

stochastic effe
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O ® High dose: A proportional relationship between cancer risk and effective dose above 200 mSv has bee

1 well documented mainly based on Japanese atomic bomb survivor in 1945.(solid scenific evidence)
O

®* Low dose: extrapolation of high dose health effects.(imprecise and often conflicting data)
O

Epidemiological risk data

Low doses, which
are important for most
environmental and
occupational exposures.
Dotted lines show that
SAHAR LAALPOUR risk could be greater or 7
lesser than predicted
by LNT.




HISTORY:

3.

In early days afte
recognized, Radiathor and

fields.
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effects hadn’t been

were prevalent all over the industrial


Presenter
Presentation Notes
Radiathor:popular and expensive radium containing water, fluoroscope: show fitting x ray unit .


HISTORY:

v Dose lir model with
threshold dose

(Vaiserman 2010) — ——
- This concept was rapidly changed after atomic bomb disasters.
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LNT MODEL:

exposure

'e‘.

® accepted and publis cy by ICRP 1958
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Presentation Notes
Preponderance:سنگین تری 
National academy of science:NAS


Lingar-no threshold model
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Threshold model

Hormetic model
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Presentation Notes
Zero equivalent point:


Why is it so important to develop our knowledge around low dose
effects?

® Compre ‘a rational approach

toward low dose r
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The biological effects of radiation are categorized into two broad classes:
stochastic and deterministic effects (or recently termed tissue reactions):

eSs.

ally

Fc tical cells
>NC ng of irradiated

\/Appeqring i
radiation levels . 2actions=because it was recognized

v'i . -~ that these effects are not decided at the
it can never be determined that an moment of irradiation and can be modified
occurrence of these effects was due to a through various biological responses.(ICRP,P
LAA

P - specific exposure. 118)




® Health effects of low dose
radiation less than 100 mSv
have been debated whether
they are beneficial or

detrimental.

® |ow dose health effects are

stochastic effects.
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COMPLEXITY OF BIOLOGICAL EFFECTS BY RADIATION:

‘/DNA o gous end
joining(NHEJ) o\ > -ed by irradiated dose, dose-rate,

nature of radiation, and cell state.
O
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Continued:

ddia’rion at doses

5. Programmed cell ses under 200 mSyv could remove

damaged cells.(Lobrich 2005,Columbano 1996

6. The number of eliminated cells at low dose irradiation did not affect the tissue function for
® organism’s living.
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REPORTS ISSUED BY INTERNATIONAL AUTHORITIES OF RADIATION:

A. biological responses of low dose radiation were different from those of high dose

radiation with various dose-response relationships.
B. low dose effects cannot be concluded to be harmful to human health.

hods with

ep odels at low dose

7

levels, co DREF)

(NAS , UNSCEAR , ICRP-pub
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Presentation Notes
DDREF=The dose and dose rate effectiveness factor (DDREF) is the ratio between the risk or radiation detriment per unit effective dose for high doses and/or dose rates and that for low doses and dose rates.


IMPORTANT FACTS NEGLECTED BY LNT MODEL:

ponse.

4) Low : prediction for their

occurrence ¢ ts, ages and life styles.
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Nowadays, five risk assessment models has been discussed:

oulation
C _ |IIy reduced
by a fo ormer |ICRP 60,

becoming less of a cor _ of low dose radiation.
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Uncertain effects range

overal risk
diseases

Linear-quadratic model
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Supra-linear model

a) LNT model

Linear-no-threshold model

b) Linear threshold model

c) Llinear Quadratic Model
(LQ)

Linear threshold

d) Supra-linear model

Exposed dose

. / Thresrsold dose
e) Hormesis Model ' ,

\ [ | # A
Hormesis model
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ogenic risk

g
“against
cer.(adaptive
bystander effect)

Dose window:
Less than 100 mSv=BS
Less than 500 mGy=AR




EFFECTS OPPOSING LNT:

1 radiation.

DI
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LOW DOSE EFFECTS OPPOSING LNT:

pared to non-

irradia

v activation of the sg | NF-KB in fruit flies. (Seong 2012)

v'Radiation protection agencies = unwo
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LOW DOSE EFFECTS OPPOSING LNT:

us acting as

v'Health e > ation is good or bad in

epidemiological approo
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LOW DOSE EFFECTS OPPOSING LNT:

_ y event in

v'In contrst, radian ay showed no genomic

instability. (Okada M,2007)
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CONITINUED
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LOW DOSE RADIATION RESEARCH

) _ Animal studies
Epigenetic changes -diverse endpoint phenotypes
-covalent changes on chromosomes -statistical analysis
-reversible heritable changes -model systems for human

. e

ROS metabolism Low Dose System bioclogy
-endogenous ROS state =smep  Radiation «see -DIg data processing
-anti-oxidative system Research -mathematical description

-results estimation

7 N\

Various LDR effects Omics

-defense mechanism -genomics, transcriptomics,
-bystander & abscopal effects proteomics

-genomic instability -combined network analysis
-adaptive response

-hormetic effects

Fig. 2. Recent biological studies on the low dose radiation effects. To increase the
consistency and coherence of experimental data on low dose radiation, we should in-
troduce new biclogical knowledge of emerging area as well as conventional con-
cepts.
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NEW BIOLOGICAL RESEARCH FIELDS TO ESTIMATE RADIATION
RISK AT LOW DOSES:

n, acetylation

® Reactive oxy

ROS state , regulated by irradiation at low doses, which maintained for @ period time
N accompanying with gene expression changes
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NEW BIOLOGICAL RESEARCH FIELDS TO ESTIMATE RADIATION
RISK AT LOW DOSES

oduced by

mechqnls’rlc mode onse, at low dose, including

environmental factors

remove the uncertainty and inconsistency from biological specimen.
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Presenter
Presentation Notes
پیدا کردن بیومارکر ها
فاکتور های مختلف موثر در اثرات پرتویی 
مدل هایی که ساز و کار 



> CONFOUNDING FACTORS:

Systemic variables
(Organism hierarchy)

Biological Effects Time & space Detrimental?
of (Irradiation & effects) e

Low Dose . i
Radiation Mixed exposure eneticial:
(Other stressors)

Environments
(Gender & lifestyle)

Fig. 3. Confounding factors in the analysis of low dose radiation effects. Biological
effects of low dose radiation could be determined by several confounding factors as
detrimental or beneficial. For example, systemic variables such as hierarchy, maturity,
and ageing of irmadiated organism, time of irradiation and phenotype emergence, and

interaction with other environmental factors.
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Presenter
Presentation Notes
1)وقتی صحبت از نوع ارگانیسم هست باید در نظر بگیریک که دوز های کم در موجودات زنده پیچیده بررسی می شن پس پاسخ سیستم نسبت به پرتو متفاوته و اینکه در کل مرگ سلولی اگر از دید حذف احتمال سرطان زایی باشد اثر مفید.
2)زمان پرتوگیری در سیستم بیولوژیک انواع مختلف پاسخ ممکن نشون بده در افراد کم سه اهنگ متابولیسم و تکثیر سلوله نسبت به افراد بالغ سریع هست.افراد بالغ هم ممکن همیشه مقاومت پرتویی نشون ندن.
اثرات دیر رس و اثرات همسایگی از مثل های خوب اهمیت زمان و مکان تابش گیری 
3)افراد همیشه در معرض عوامل سترس زا مختلف ./اثرپرتو هیچ گاه در حالت ایزوله بروز نمی کند.
اثرات ممکن هم افزایی داشته باشند تداخل که میزان سهم هر کدام با یک مدل خاص قابل پیش بینی نیس



EPIDEMIOLOGICAL STUDIES ON THE EFFECTS OF LOW
DOSE IONIZING RADIATION

3) High
4) Medical exposure
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ATOMIC BOMB SURVIVORS AND ACCIDENTAL
EXPOSURE

vas 0.42 per
Gy e 20

® the estimated | , gniff.ican’r ERR (0.56 /Gy,
95% Cl, 0.15-1.04) was 0-0.2 Gy

(Osaza K,2012)
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Presentation Notes
Excess relative risk


ATOMIC BOMB SURVIVORS AND ACCIDENTAL EXPOSURE

® Three Mile Island(TMI) 1979

* |ICR Sv for detriment-

adjusted cai e whole population,

using the LN.T mode
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Pennsylvania , Dauphin county


ATOMIC BOMB SURVIVORS AND ACCIDENTAL
EXPOSURE

Chernobyl
region1986

‘ ation (0-500
mSv), datc , cataracts and

cardiovascular disec
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ATOMIC BOMB SURVIVORS AND ACCIDENTAL
EXPOSURE

® Fukushima Daiichi 2011

_.rhg 1+t

yea

® further careful fo Jf n consideration of long latency
of radiation effects '
@
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OCCUPATIONAL EXPOSURE (MAINLY FOCUS ON NUCLEAR INDUSTRIAL
WORKERS AND AIRCREW)

Ulative

® the avel less than 2 mSv/

year

36 />
/) SAHAR LAALPOUR @)



Presenter
Presentation Notes
Aircrew=Several studies of Nordic, the US and Canada aircrews presented the increase of cancer risk for breast cancer (86-89), skin cancer (90), brain cancer (91), non-Hodgkin’s lymphoma (92), prostate cancer and acute myeloid leukemia (93), compared to the general population.
2) the pooled cohort of 93,771 air crews from 10 countries indicated a lower mortality from all cancers, radiation-related cancers and cardiovascular diseases, but a higher mortality from malignant melanoma especially in cockpit crew
3) Similar results were observed in the recent study of the US airline cockpit crew except for an increased risk of the central nervous system (CNS)
Life style-full stress jobs-disruption of circadian rhythm
Mayak complex in russia


°OCCUPATIONAL EXPOSURE (MAINLY FOCUS ON
NUCLEAR INDUSTRIAL WORKERS AND AIRCREW)

All cancer : Leukemia
Person-year

@ 1,000,000

US’ e _
{ ¢ O gl | o
rance*! 15-countnf”* 7| Russia® A Incidence

©  {excluding 1ot} ® Mortality 95
Cade) ® Morbidity | il

10 15 20 25 510810 10 15 20

Mean cumulative dose (mSv) Q Mean cumulative dose (mSv)

Fig. 4. Excess relative risk (ERR) for cancer in major cohort studies of radiation workers. (A) All cancer; (B) leukemia. The mean cumulative doses are represented on the x-axis
and ERRs for cancer are represented on the y-axis. *Solid cancer only; *All cancer excluding leukemia; ‘Leukemia excluding CLL; *90% confidence interval.
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Presentation Notes
15 country collaborative cohort study 
407,391 nuclear industry worker 
ERR and standardized mortality or incidence ratios (SMR, SIR) for all cancers and leukemia were summarized according to the mean cumulative dose and study populations 
Person-year=5.2 million
Largest occupational study



“"OCCUPATIONAL EXPOSURE:

All cancer

Person-year
® 1,000,000
® 2,000,000

000,000

. 5,000,000

End point

A SR
@ SVR

o
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-
Q
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=
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BURIRUPIIE, e W YO
15-coun 1 ‘ }

b
Korea (i Canada* US* i
L TS

0 15 2 25 30
Mean cumulative dose (mSv) o

SMR or SIR

Leukemia

Korea US.
l @)
Korea

Canada’  Germany'

- 1% 1 (102,
|

5 10 15 N % %N
Mean cumulative dose (mSy) e

Fig. 5. Standardized mortality ratio (SMR) (or Standardized incidence ratio [SIR]) for cancer in major cohort studies of radiation workers. (A) All cancer; (B) leukemia. The mean
cumulative doses are represented on the x-axis and SMRs (or SIR) for cancer are represented on the y-axis. *Solid cancer only; "All cancer excluding leukemia: ‘Leukemia ex-

cluding CLL.
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Presentation Notes
the tendency to lower SMRs indicates healthy worker effects 


Leukemia excluding CLL

SMR or SIR

10-country 8-country 10-country S-country
(94) (96) (94) (96)

Melanoma Breast cancer

10-country UK 10-country
(34) (97) (94)

Person-year . 200,000 . 400,000 . 600,000

Study population @ Prilot Cabin crew A\ Cabin crew @ Nuclear worker
: | hae) (female) E

Fig. 6. SMR for cancer (all cancer, leukemia excluding chronic lymphocytic leukemia [CLL], melanoma and breast cancer) in major cohort studies of air crews and radia
workers. The names of the studies are represented on the x-axis and SMRs are represented on the y-axis.
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Presentation Notes
Overall cancer mortality in air crew seems similar to one in radiation workers with the suggestion of increased melanoma and breast cancer risks, but not necessarily caused by radiation exposure (Fig. 6). 



HIGH BACKGROUND RADIATION EXPOSURE:

60 . artificial

® Techa o Co

(man made) r.

* average effective doses ranging from 35-1 /700 mSy for evacuees
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Presentation Notes
22 y ago-1982-1948   9 to 22 y (1996 start of evacuation)
Recycled steel contaminated by discarded Co 60 
180 building ,1700 apartment 


1.19/100
0.99-1.21)

® no de xcept for the Techa River

cohort expose
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Presenter
Presentation Notes
Increased risk of non-cancer mortality and diseases of digestive system were observed in the study of the Yangjiang area, but not likely to be attributable to radiation exposure 


MEDICAL EXPOSURE (DIAGNOSTIC AND THERAPEUTIC
RADIATION):

® clinical b votential risks from

radiation expos
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UNCERTAINTIES IN ESTIMATING HEALTH RISKS OF LOW DOSE
RADIATION:

(nationa
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or levels of

6) difference i ed to radiation

/) extrapolation of a dos o through risk transfer between

populations with different levels of baseline risk
@
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Presentation Notes
2) Given the nature of low dose radiation effects with low event (e.g., disease incidence) rates, even a small degree of confounding can distort the study results. It is often not possible to collect all confounding factors and this may lead to inconsistent findings in epidemiological studies. Confounding factors may also mask other radiation-induced endpoints that may be actually present at low dose levels. 
3) In general, measurement errors related to dosimetry are more likely to mask a true effect rather than to generate a spurious one (131). Continuous improvement of biokinetic and dosimetric models is crucial for the precision of dosimetry measurements. 
5) (e.g., high-energy gamma rays, low-energy photons, alpha particles, neutrons, low doses, acute exposure, chronic exposure, etc)

6) e.g., individual tissue, organ sites and all tumor combined due to whole-body exposure).



CONCLUSION:

SOpP

® interactions be

® comprehensive understanding of radiobiological mechanism

®* The integration of biological and epidemiological studies along with social science research
@
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would facilitate epidemiological studies and improve the precision of a dose-response relationship at low dose levels
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