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= \What Is the size of the Increase In thyroid
carcinomas and does It continue?

= \What are the uncertainties In assessing the size
of the Increase?

nat Is the estimated riskiGy
nat factors affect the risk?

jat are the changes withi Increased latency/?

= Are the molecular findings SPecific fior
ladiatien?

= \\Vhat sheuld be the regulatery appreach?
= e future




= The WHO/IAEA conference considering
the first 20 years after the Chernobyl

accident found that about 4000 cases of
thyroid cancer could be attributed to the

accldent,

= i was not made clear In the press release
that this applied enly to the most expoesed
areas.




Thyroid Ca in Belarus Inithese expesed to the
accident, 1986-mid2006

Oblast Children Adolescents Adults

Brest 166 128 1523
Gomel 382 234 2377

Grodno 48 21 638
Minsk 45 33 1417
Minsk City 67 41 2383

Mogilev 45 31 1783
Vitebsk 13 19 1601

Belarus 11,722 12,995

From Bespalchuk et al, Nagasaki Symposium,2007




Predictions for nNUMBErS off CASES, Of
thyroid cancer due to radiation
occurring in Eurepe from 1986 to 2056

= 15,700. 14,100 of these due to exposure
pefore age of 15. Cardis et al, 2006, Int J
Cancer, 119: 1224-1255

m 02.,627. 26,584 ofi these predicted 1o lead to
death. Malko, guoted by Yablokoy: and
Nesterenko,, 2009, Ann NY Acad! Sel, 1181
1-220




Uncertainties Inf assessing Size of Increase

= |ncreased ascertainment through; screening,
Increased awareness, diagnostic advances

= Area covered
= Proplems of diagnosis In peripherali hospitals

= acreasing PTC incidence in nen-exposed
areas

= Separation of radiegenic from hackground
(naseline) incidence




Thyreid PTCs fienm Ukraine born after 19617.
% off tumours 2cm or less by age at operation

4to14 15-18

Data from Tronko et al 2005, BMU 2005-668




= \\hat IS the size of the Increase in thyroid
carcinomas and does It continue?

= \What are the uncertainties in assessing the size
of the Increase?

nat is the estimated risk/Gy?
nat factors affect the risk?

jat are the changes withi Increased latency/?

= Are the molecular findings SPecific fior
ladiatien?

= \\hat sheuld be the regulatery appreach?
= Jhe future




EStimation: of nskiGy: and factoers

Influencing risk

" Pose, (RR 5.5-8.4/GY: (cardis 2005))*

=-AQge at exposure

= Gender

= Epvironment

= Genetic susceptinility

= e of assessment

“\/eny recent publication estimates ERR'as
2.15/GY (95%CI 0.81-5.47). zablotska et al,BICancer 23,11.10




L] OR and 95% CI
© ERR model - linear-quadratic dose-response
() s ERR. model - linear dose-response - doses <2 Gy
(@)= + = ERR model - linear dose-response - doses <1 Gy
D= == Log-lincar model - linear-quadratic dose response - doses <2
’@- = = = . Log-linear model - linear-quadratic dose response - doses <1
Log-linear model - linear-quadratic-cubic dose response

Total thyroid dose (G




Incidence of thyreid cancer in Belarus.
Rate per 100,000
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Data from Cardis et al 2006




Childhood Thyroid Cancer, Belarus 1990-97
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Numlsers ofi Thyreid Ca. in the highest and least
exposed oblasts of Belarus by year ofi birth (<19 at op)
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Data from Yu Demidchik 2005 BMU 2005-668




Thyreid Ca incidence rates for males In high and
low expoesure regions of Ukraine
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Data from Fuzik et al, 2010, Rad Env Biophys; online 10.11.10




Thyroid cancer sk and I” intake
Odds ratio, 1 Gy Vs norexposure
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L1 Higher I’

area

No supp Ki Supp Ki

From Cardis et al JNCI 2005




= \\hat IS the size of the Increase in thyroid
carcinomas and does It continue?

= \What are the uncertainties in assessing the size
of the Increase?

nat Is the estimated riskiGy
nat factors affect the risk?

nat are the changes with Iincreased
latency.?

= Are the moelecular findings SPEecIfic fior
ladiation?

= \\hat sheuld be the regulatery appreach?
= he future




Changes with latency.

= Clinical. Tumours are becoming less aggressive
= Pathology. More differentiated and smaller

P

Cs, less extrathyroid invasion, probable

Increase In follicular adenoemas

= Vielecular bielogy. Overall reduction in PTC
iearrangements, fewer RET-PTC3 and more
RET-PTC1




Extra-thyroid invasion (%) in PTCs, aged under 19 at exposure

96-01

Data from Tronko et al, 2005 BMU 2005-668




Thyroid Cancer Belarus
(data from Demidchik, GSF report,2005)
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Possible course

14y
latency
2000
6y latency
1992

Baseline

Type Papillary Papillary Papillary 2 Papillary,

? Follicular or other
Subtype Solid Solid/Class Classical ?
Oncogene RET-PTC3 RET-PTC1/3 RET-PTC1 ?RET,RAS,BRAF,PPARY

Clinical Aggressive Intermediate Normal ? depends on type
Latency 4-10 7-16 ?

( Estimated)

(Start-peak)




= \\hat IS the size of the Increase in thyroid
carcinomas and does It continue?

= \What are the uncertainties in assessing the size
of the Increase?

nat Is the estimated riskiGy
nat factors affect the risk?

jat are the changes withi Increased latency/?

= Are the molecular findinags specific for
radiation?

= \\hat sheuld be the regulatery appreach?
= Jhe future




Do the molecular findings provide a
radiation marker?

= The great majority of P

Cs from non-exposed

areas show either a BRAF or a RET-PTC
mutation, 1 children BRAFE Is less common.

= Chernobyl PTCs show fewer BRAE mutations
than expected




Majer oncegene mutations identified
iIn Papillary Thyreid Carcinemas

= RET. Activated by rearrangement to give a
RET-PTC oncogene (c15 variants). RET-PTC 1
and 3 by far the most common

= B-RAE. Activated! by point mutation, very: nearly.
always V600E. Very rarely activated by
learrangement

= Others. Uncommon. TRAK rearrangements,
RAS point mutatiens, Unknewn




Papillary TThyroid Carcinema, genes and

radiation dose

<70mGy 70-500mGy 0.5-3Gy

(JRET-PTC U Unknown [ BRAF

Data from Hamatani et al, 2008 Cancer Res 68 7176



= These findings suggest that mutations due
to double strand breaks are more common
than peint mutations as the initial' event in
radiation iInduced tumours

= This may: be the only ‘molecular marker” of
radiation iInduced neeplasia




= \\hat IS the size of the Increase in thyroid
carcinomas and does It continue?

= \What are the uncertainties in assessing the size
of the Increase?

nat Is the estimated riskiGy
nat factors affect the risk?

jat are the changes withi Increased latency/?

= Are the molecular findings SPecific fior
ladiatien?

= \\Vhat shouldrbe the regulatery: approach?
= Jhe future




A pragmatic approachitor assessing the
radiation risk te' the thyroid

= The change In risk withrage at exposure poses
a problem.

" T0 Include all under 14 in one category.
conceals wide variation.

= The evidence from Chermobyl suggests that
these under 3 shew much higher rnsks than
elder children, It Is unclear hew: much of this IS
due te greater uptake.

" Siudies of external radiation chose 0-4




= On the basis of the current evidence It would
seem sensible to subdivide the childhood risk
Into two groups, categorising young children
as high risk, older children as medium risk,
youngiadults as: low: risk, and older adults as
Lindetectable or no; risk.

= his would have the advantage of ensurng
that 1 any: future acecident measures 1o
protect preschool children would be given
PrHEILY,




= A study should be commissioned to review: all
the Chernobyl related studies, to reanalyse
using differing age groups to justity subdividing
childreniinto two groups. Risk/iGy:is not the
appropriate basis for determining this.

A study ofi the risk tor adults Is also urgently

needed, because of conflicting data.

TThe evidence in relation to dietary iedine
strengthens the need te eliminate | deficiency,
and te censider long termm iodine
supplementation after exposure.




Conclusions

= EXposure to fall-out from Chernobyl has led to a
very large increase in the incidence of thyroid
carcinoma due to I radioisotopes.

= The risk Is heavily dependent on age at
exposure, and on;stable iedine Intake.

= T umoeur morphelogy and melecular findings
conrelate and change withlatency.

= Jhese exposed at a young age continue to
cally the increased risk With: them Intoe
adultheed.




Conclusions conti

nued

= The risk continues inithese who were young at
exposure

= Consideration should be given for regulatory.
puUrposes to define the risk for preschool

children separately from older children

= Although merbidity from; thyreic
In the heavily: exposed young ¢
from thyroeid cancer in theose ex

cancer Is high
dildren, moertality
p0Ssed 1o

Chernehyl IS curmently extremely Iow.




Euture studies
= Effects acress Eurepe of low dose exposure

= Continuing study of the thyroid carcinomas to
determine possible changes in tumour type and
mutations, and length; ofi outbbreak

= Non thyroid studies, including inherited effects

= Eollow: up ofi children treated withr high dese RAI

= Comprehensive and coondinated long term
studies of the censeguences of Chernehyl ane
needed: the EC should take the lead insetting
Upra Chemohbyl Health Effects Research
Eeundation asia virtual eguivalent to the RERE
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