
LIFETIME	RISK	OF	RADIATION-INDUCED	THYROID	DISEASE		
ESTIMATED	FOR	THE	HANFORD	LITIGATION	CLIENTS	

INTRODUCTION	
The	purpose	of	this	study	was	to	assess	the	long-term	health	risks	
for	the	Hanford	Li9ga9on	clients	(downwinders)	who	were	
exposed	to	the	radioac9ve	releases	at	age	under	19,	and	were	
later	diagnosed	with	thyroid	disease.		

In	this	study,	probability	of	causa/on	(POC)	was	assessed	and	
considered	as	the	quan9ta9ve	measure	of	the	health	risks	
associated	with	the	radioac9ve	exposure	received	by	the	Hanford	
Li9ga9on	clients.	POC	provides	important	evidence	regarding	
whether	radia9on	has	a	substan9al	effect	on	an	individual’s	
health.	

Es9mated	POC	was	intended	to	be	used	in	court	proceedings:	
-	As	evidence	to	reflect	facts	of	case,	and		
- 	To	be	used	as	specific	criteria	for	decisions	on	the	
compensability	of	the	clients’	radia9on-related	thyroid	disease.	

METHOD	
Input	data	used	for	es9ma9ng	POC	are	inevitably	not	precise,	their	
es9mated	values	are	uncertain.	If	dose	as	input	is	considered,	
“uncertainty”	refers	to	the	probability	distribu9on	of	the	possible	
errors,	defined	as	the	difference	between	the	reported	dose	
es9mate	and	its	true	but	unknown	value.		

Accoun9ng	for	this	uncertainty	is	important	because	it	can	have	a	
large	effect	on	the	POC	es9mates	for	a	specific	individual.	
Therefore,	this	accoun9ng	is	cri9cal	for	a	client’s	eligibility	for	
compensa9on.		

Probability	of	Causa9on:	Defini9on	
The	probability	of	causa9on	is	defined	as		
POC	=	ERR/(1+ERR),	 	 	 	(1)	

where	ERR	 -	 excess	 rela9ve	 risk.	 It	 is	 assumed	 in	 this	 study	 that	
ERR	 linearly	depends	on	the	dose	D	 received	by	the	thyroid	glad	
of	an	individual:	
ERR	=	β!D.	 	 	 	(2)	

If	the	uncertain9es	in	the	input	data	are	not	negligible	(case	of	
this	study),	β and	D	in	(2)	should	be	considered	as	random	
variables.		In	this	stochas9c	version	of	the	model	(1),	(2)	the		
probability	distribu9ons	of		β and	D	were	assumed	lognormal	with	
known	parameters.		

Input	Data	
The	input	data	used	for	POC	es9ma9ng	for	each	client	with	
thyroid	disease	history	were	threefold:		

1) Diagnos=c	informa=on	on	client’s	thyroid	category.	The	
following	disease	categories	were	considered:	
- 	Autoimmune	Hashimoto	thyroidi9s;		
- 	Benign	neoplasm;		
- 	Non-neoplas9c	nodules;		
-	Nodule;		
- 	Hyperthyroidism	from	thyroid	nodule.		

2)	Excess	rela=ve	risk	per	Gy	(β)	specific	to	the	thyroid	disease	
categories	listed	above.	Uncertainty	in	es9mates	of	β		was	
accounted	for	in	POC	es9ma9on	by	using	its	reported	average	
value	β*	and	confidence	interval	[βL	;	βU].	The	disease-specific	
es9mates	of	β	were	compiled	from	(Lyon	et	al.	2006),	
(Zablotska	et	al.	2008).	

3)	Dose	received	by	the	thyroid	gland	(D)	per	each	client.	The	
Hanford	Li9ga9on	experts	provided	client-specific	data	on	
es9mated	doses.		Uncertainty	in	es9mates	of	D	was	accounted	
for	in	POC	es9ma9on	by	using	its	reported	mean	(D*)	and	
standard	devia9on.		

Es9ma9ng	Probability	of	Causa9on		

The	stochas9c	version	of	the	model	(1),	(2)	was	exploited	by	
Monte-Carlo	simula9on	to	es9mate	POCU	-	the	upper	bound	of	
the	range	of	values	within	which,	we	believe,	the	true	value	of	
POC	lies	with	high	probability,	called	credibility	level.	The	
credibility	level	was	suggested	equal	to	95%	in	this	work.		

The	MS	Excel	applica9on	Oracle	Crystal	Ball	sogware	was	used	in	
this	work	to	perform	Monte	Carlo	simula9ons,	during	which	the	
input	values	are	sampled	at	random	from	the	inputs’	probability	
distribu9ons	(a	domain	of	possible	input	values	for	β	and	D,	see	
Fig.1).	Each	set	of	these	samples	is	then	used	for	determinis9c	
computa9on	of	the	model	(1),	(2).	The	resul9ng	outcome	from	
that	sample	is	recorded.	Finally,	Monte	Carlo	simula9on	produces	
distribu9on	of	possible	outcome	values	of	the	probability	of	
causa9on,	from	which	POCU	is	determined.		

Fig.	1	Simula9on	steps	
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Fig.	2	Frequency	chart	for	β	
Fig.	2	gives	an	example	of	
probability	distribu9on	of	β 
used	in	this	study.	The	
distribu9on	is	specific	to	
females	exposed	to	
radioac9ve	iodine	in	their	
childhood	and	later	
diagnosed	with	“any	
thyroid	disease”.	The	
probability	distribu9on	

parameters	compiled	from	(Lyon	et	al.	2006)	are:		
β* (95%	CI)	=2.48	(0.7–5.3)	ERR/Gy;		p-value=0.0018.	

Fig.	3	Frequency	chart	for	D	
Fig.	3	shows	a	lognormal	
probability	distribu9on		
used	for	dose	sampling	in	
Monte	Carlo	simula9ons	for	
one	of	the	clients.	The	
distribu9on	has	the	
mean=0.66	Gy	and		
st.	dev.	=	0.8	Gy.	Typical	
means	for		doses	were	in	

the	range	0.1Gy	-	1.0Gy.	The	standard	devia9ons	of	the	doses	were	
usually	larger	than	corresponding	mean	values.		

Fig.	4	Frequency	chart	for	POC	
Probability	distribu9on	of	
POC	specific	to	each	
Hanford	Li9ga9on	client	
was	generated	as	the	result	
of	Monte	Carlo	runs	based	
on	sampling		β and	D	
specific	to	each	client.		

Fig.	4	demonstrates	an	example	of	such	distribu9on:	it	is	a	
histogram	of	the	values	generated	during	the	250,000	itera9ons.		
It	shows	the	interval	of	possible	POC	values	within	which	the	true	
(and	unknown!)	value	of	POC	lies	with	probability	95%.	In	this	case	
the	es9mated	upper	bound	of	the	POC	confidence	interval	POCU	=	
80.7%.		

RESULTS	AND	DISCUSSION	
This	study	proposes	a	method	to	determine	whether	a	thyroid	
disease	diagnosed	in	a	Hanford	downwinder	was	induced	by	given	
exposures	to	ionizing	radia9on	at	age	under	19.	The	method	is	
based	on	the	es9ma9on	of	the	95th	percen9le	of	the	range	of	
uncertainty	around	the	central	es9mate	of	POC.	The	decisions	
about	gran9ng	claims	for	compensa9on	for	thyroid	disease	are	to	
be	made	on	the	basis	of	the	es9mated	95th	percen9le.	To	give	
claimants	more	benefit	of	the	doubt,	a	higher	credibility	level,		
like	99%,	can	be	suggested.	

A	more	comprehensive,	scien9fically	sound	approach	for	
es9ma9ng	probability	of	causa9on	of	radiogenic	disease	is	used	in	
several	web-based	calculators,	like	IREP.	Usage	of	these	tools	is	
limited	to	cancers,	so	they	are	not	helpful	when	non-cancerous	
thyroid	diseases	are	considered.	

Example	for	a	client	diagnosed	with	“Any	thyroid	disease”	
Inputs:		
Excess	rela9ve	risk:	β* (95%	CI)	=2.48	(0.7–5.3)	Gy-1;			
Dose:	CT(95%	CI	UL)=0.255(0.35)	Gy;		
Results:		
- 	If	the	uncertain9es	in	the	input	data	were	neglected,		the	POC	
calculated	from	(1),	(2)	would	be	equal	to	38.7%,		which	does	not	
meet	the	50%	criterion	for	causa9on.			
- 	If	the	benefit	of	the	doubt	is	to	be	applied	to	decision	about	
gran9ng	claim	for	compensa9on,	the	95th	percen9le	of	the	POC	
range	of	uncertainty	should	be	considered.	In	this	case	
POCU	95%	CI=70.9%	meets	the	criterion	for	causa9on,	and	the	
client	is	eligible	for	compensa9on.		
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