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Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the
license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply
legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions
necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Radioterapia	é	um	tipo	de	tratamento	contra	o	câncer	que	tem	como	objetivo	destruir	ou	impedir	o	crescimento	das	células	tumorais,	por	meio	da	aplicação	de	radiação	concentrada,	diretamente	no	tumor.
Encontre	um	Oncologista	perto	de	você!	Parceria	com	Buscar	Médico	Esse	tipo	de	tratamento	pode	ser	usado	sozinho	ou	juntamente	com	a	quimioterapia	ou	cirurgia,	dependendo	do	tipo	de	câncer	e	do	grau	de	desenvolvimento.	Ao	contrário	da	quimioterapia,	a	radioterapia	não	causa	queda	de	cabelo,	pois	seus	efeitos	são	sentidos	principalmente	no
local	do	tratamento,	embora	possam	variar	também	de	acordo	com	o	tipo	e	a	quantidade	de	radiação	utilizada.	Para	que	serve	A	radioterapia	serve	para	diminuir	a	taxa	de	multiplicação	das	células	tumorais,	podendo	ser	usada	para	tratar	ou	controlar	o	crescimento	de	tumores	benignos	ou	malignos,	podendo	ser	utilizada	antes,	durante	ou	após	o
tratamento	com	cirurgia	ou	quimioterapia.	Além	disso,	este	tipo	de	tratamento	também	pode	ser	usado	apenas	para	aliviar	os	sintomas	e	conferir	conforto	em	casos	mais	avançados	de	câncer,	sendo	nesse	caso	conhecida	como	"radioterapia	paliativa".	Como	é	feita	A	radioterapia	pode	ser	feita	através	de	diferentes	técnicas	de	acordo	com	a	localização
do	tumor	a	ser	tratado,	sua	extensão	e	estado	geral	de	saúde	da	pessoa:	1.	Radioterapia	com	feixe	externo	(teleterapia)	A	radioterapia	externa,	também	chamada	de	teleterapia,	é	feita	com	a	pessoa	deitada	sob	um	aparelho	que	tem	a	radiação	inicialmente	direcionada	para	o	corpo	todo.	Por	isso,	antes	de	iniciar	a	radioterapia	externa,	é	feita
uma	avaliação	médica	para	delimitar	o	local	a	ser	tratado,	o	que	é	feito	com	uma	tinta	vermelha,	que	não	deve	ser	removida	após	o	procedimento,	pois	assim	a	pessoa	consegue	ser	devidamente	posicionada	no	aparelho.	Durante	todo	o	procedimento,	a	pessoa	deve	permanecer	imóvel,	pois	assim	é	possível	garantir	que	a	radiação	não	saia	da	área
delimitada.	De	forma	geral,	as	aplicações	de	teleterapia	são	feitas	diariamente	e	duram	de	10	a	40	minutos,	e	durante	este	período	o	paciente	fica	deitado	e	não	sente	nenhum	incômodo.	2.	Braquiterapia	Na	braquiterapia,	a	radiação	é	enviada	ao	corpo	através	de	aplicadores	especiais,	como	agulhas,	fios	ou	cateteres,	que	são	colocados	diretamente	no
local	a	ser	tratado.	Dependendo	do	tipo	de	tumor,	pode	ser	necessário	o	uso	de	aplicadores	diferentes,	além	de	também	poder	ser	indicada	a	sedação,	que	tem	como	objetivo	evitar	o	desconforto	no	momento	da	colocação	do	aplicador.	Devido	à	necessidade	de	sedação,	em	alguns	casos,	pode	ser	indicado	que	a	pessoa	fique	em	jejum	antes	de	realizar
a	braquiterapia.	Após	a	sedação,	a	pessoa	é	encaminhada	para	a	sala	de	aplicação	da	radiação,	devendo	ser	permanecer	na	posição	mais	adequada	para	a	colocação	dos	aplicadores.	No	caso	de	tumores	ginecológicos,	por	exemplo,	a	mulher	deve	ser	posicionada	em	posição	ginecológica,	pois	assim	o	aplicador	é	colocado	em	um	local	próximo	ao	tumor
para	que	a	radiação	atue	localmente.	De	forma	geral,	a	braquiterapia	é	indicada	1	a	2	vezes	por	semana.	3.	Injeção	de	radioisótopos	Neste	tipo	de	tratamento,	um	líquido	radioativo	é	aplicado	diretamente	na	corrente	sanguínea	do	paciente,	sendo	normalmente	usada	em	casos	de	câncer	de	tireoide.	Principais	efeitos	colaterais	Os	principais	efeitos
colaterais	da	radioterapia	são:	Vermelhidão,	ressecamento,	bolhas,	coceira	ou	descamação	da	pele;	Cansaço	e	falta	de	energia	que	não	melhora	mesmo	com	o	repouso;	Boca	seca	e	feridas	na	gengiva;	Problemas	para	engolir;	Náuseas,	vômitos	ou	diarreia;	Inchaço;	Problemas	urinários	e	na	bexiga;	Queda	de	cabelo,	especialmente	quando	aplicada	na
região	da	cabeça;	Ausência	de	menstruação,	secura	vaginal	e	infertilidade	em	mulheres,	quando	aplicada	na	região	da	pélvis;	Impotência	sexual	e	infertilidade	em	homens,	quando	aplicada	na	região	da	pélvis.	De	forma	geral,	essas	reações	começam	durante	a	2ª	ou	3ª	semana	de	tratamento,	podendo	durar	até	várias	semanas	após	a	última	aplicação.
Além	disso,	os	efeitos	colaterais	são	mais	graves	quando	a	radioterapia	é	feita	juntamente	com	a	quimioterapia.	Conheça	os	efeitos	colaterais	da	quimioterapia.	Como	aliviar	os	efeitos	colaterais	Algumas	formas	de	aliviar	os	efeitos	colaterais	mais	comuns	da	radioterapia	são:	1.	Irritação	na	pele	Para	aliviar	a	irritação,	vermelhidão,	queimadura,	dor	ou
desconforto	na	pele,	chamada	radiodermatite	causada	pela	radioterapia	é	recomendado	aplicar	pomadas	hidratantes	recomendadas	pelo	radio-oncologista.	Uma	boa	pomada	para	aliviar	esses	efeitos	é	a	emulsão	de	óleo	de	andiroba,	colágeno,	vitaminas	A	e	E,	encontrada	com	o	nome	comercial	Tegum.	2.	Náuseas	e	vômitos	Para	aliviar	as	náuseas	e
vômitos	causados	pela	radioterapia,	deve-se	evitar	cheiros	fortes	ou	comidas	muito	quentes,	pois	o	vapor	do	alimento	pode	aumentar	a	náusea	ou	provocar	vômitos.	Além	disso,	deve-se	dar	preferência	a	alimentos	secos	como	torradas,	pão,	biscoito	e	alimentos	gelados,	como	fruta	deixada	na	geladeira,	gelatina,	mingau	frio,	leite	e	iogurte	frio,	frango
assado	ou	cozido.	3.	Dor	na	boca	ou	na	garganta	Para	aliviar	a	dor	na	boca	ou	na	garganta,	boca	seca,	ou	mucosite	causados	pela	radioterapia,	deve-se	beber	bastante	líquido	durante	o	dia,	usar	enxaguantes	bucais	sem	álcool	e	escovar	os	dentes	com	escovas	de	dente	macias.	Além	disso,	é	recomendado	dar	preferência	a	alimentos	moles	como
banana,	melancia,	purê	de	legumes,	macarrão,	mingau	e	ovos	e	evitar	cítricos	como	abacaxi,	laranja	e	alimentos	muito	salgados,	torradas	e	biscoitos	que	podem	ferir	a	boca.	No	caso	de	mucosite	intensa,	o	médico	pode	recomendar	o	tratamento	com	laserterapia.	4.	Diarreia	Para	combater	a	diarreia	causada	pela	radioterapia	é	recomendado	manter	o
corpo	hidratado	bebendo	pelo	menos	2	litros	de	água	por	dia.	Tomar	água	de	coco	pode	ser	uma	boa	estratégia	para	repor	os	líquidos	e	sais	minerais,	mas	o	soro	caseiro	também	é	uma	boa	opção.	5.	Perda	do	apetite	Para	melhorar	o	apetite	e	poder	se	alimentar	bem	deve-se	comer	sempre	que	tiver	fome,	optando	por	alimentos	saudáveis	e	nutritivos
como	iogurte	líquido,	vitamina	de	frutas	ou	pão	com	queijo,	por	exemplo.	6.	Queda	de	cabelo	Para	facilitar	o	crescimento	do	cabelo	após	a	radioterapia,	deve-se	massagear	o	couro	cabeludo	para	estimular	a	circulação	sanguínea.	Além	disso,	deve-se	dar	preferência	a	alimentos	ricos	em	proteínas,	como	carne,	leite,	ovos,	atum,	castanha,	nozes	e
amêndoas,	porque	eles	são	responsáveis	pelo	crescimento	dos	fios.		É	importante	ressaltar	que	o	crescimento	do	cabelo	após	a	radioterapia	é	influenciado	pela	dose	aplicada	e	local,	sendo	que	com	doses	menores	na	região	da	cabeça	e	pescoço	é	possível	que	o	cabelo	cresça,	mas	com	doses	maiores	a	queda	de	cabelo	pode	ser	irreversível.	Cuidados
durante	o	tratamento	Para	aliviar	os	sintomas	e	efeitos	colaterais	do	tratamento,	deve-se	ter	alguns	cuidados	como	evitar	a	exposição	solar,	usar	produtos	de	pele	à	base	de	Aloe	vera	ou	camomila	e	manter	o	local	limpo	e	sem	cremes	ou	hidratantes	durante	as	sessões	de	radiação.	Além	disso,	pode-se	falar	com	o	médico	para	usar	medicamentos	que
combatem	a	dor,	as	náuseas,	os	vômitos	e	a	diarreia,	o	que	ajuda	a	aliviar	o	cansaço	e	facilitar	a	alimentação	durante	o	tratamento.	Radioterapia	é	um	tipo	de	tratamento	contra	o	câncer	que	tem	como	objetivo	destruir	ou	impedir	o	crescimento	das	células	tumorais,	por	meio	da	aplicação	de	radiação	concentrada,	diretamente	no	tumor.	Encontre	um
Oncologista	perto	de	você!	Parceria	com	Buscar	Médico	Esse	tipo	de	tratamento	pode	ser	usado	sozinho	ou	juntamente	com	a	quimioterapia	ou	cirurgia,	dependendo	do	tipo	de	câncer	e	do	grau	de	desenvolvimento.	Ao	contrário	da	quimioterapia,	a	radioterapia	não	causa	queda	de	cabelo,	pois	seus	efeitos	são	sentidos	principalmente	no	local	do
tratamento,	embora	possam	variar	também	de	acordo	com	o	tipo	e	a	quantidade	de	radiação	utilizada.	Para	que	serve	A	radioterapia	serve	para	diminuir	a	taxa	de	multiplicação	das	células	tumorais,	podendo	ser	usada	para	tratar	ou	controlar	o	crescimento	de	tumores	benignos	ou	malignos,	podendo	ser	utilizada	antes,	durante	ou	após	o	tratamento
com	cirurgia	ou	quimioterapia.	Além	disso,	este	tipo	de	tratamento	também	pode	ser	usado	apenas	para	aliviar	os	sintomas	e	conferir	conforto	em	casos	mais	avançados	de	câncer,	sendo	nesse	caso	conhecida	como	"radioterapia	paliativa".	Como	é	feita	A	radioterapia	pode	ser	feita	através	de	diferentes	técnicas	de	acordo	com	a	localização	do	tumor	a
ser	tratado,	sua	extensão	e	estado	geral	de	saúde	da	pessoa:	1.	Radioterapia	com	feixe	externo	(teleterapia)	A	radioterapia	externa,	também	chamada	de	teleterapia,	é	feita	com	a	pessoa	deitada	sob	um	aparelho	que	tem	a	radiação	inicialmente	direcionada	para	o	corpo	todo.	Por	isso,	antes	de	iniciar	a	radioterapia	externa,	é	feita	uma	avaliação
médica	para	delimitar	o	local	a	ser	tratado,	o	que	é	feito	com	uma	tinta	vermelha,	que	não	deve	ser	removida	após	o	procedimento,	pois	assim	a	pessoa	consegue	ser	devidamente	posicionada	no	aparelho.	Durante	todo	o	procedimento,	a	pessoa	deve	permanecer	imóvel,	pois	assim	é	possível	garantir	que	a	radiação	não	saia	da	área	delimitada.	De
forma	geral,	as	aplicações	de	teleterapia	são	feitas	diariamente	e	duram	de	10	a	40	minutos,	e	durante	este	período	o	paciente	fica	deitado	e	não	sente	nenhum	incômodo.	2.	Braquiterapia	Na	braquiterapia,	a	radiação	é	enviada	ao	corpo	através	de	aplicadores	especiais,	como	agulhas,	fios	ou	cateteres,	que	são	colocados	diretamente	no	local	a	ser
tratado.	Dependendo	do	tipo	de	tumor,	pode	ser	necessário	o	uso	de	aplicadores	diferentes,	além	de	também	poder	ser	indicada	a	sedação,	que	tem	como	objetivo	evitar	o	desconforto	no	momento	da	colocação	do	aplicador.	Devido	à	necessidade	de	sedação,	em	alguns	casos,	pode	ser	indicado	que	a	pessoa	fique	em	jejum	antes	de	realizar	a
braquiterapia.	Após	a	sedação,	a	pessoa	é	encaminhada	para	a	sala	de	aplicação	da	radiação,	devendo	ser	permanecer	na	posição	mais	adequada	para	a	colocação	dos	aplicadores.	No	caso	de	tumores	ginecológicos,	por	exemplo,	a	mulher	deve	ser	posicionada	em	posição	ginecológica,	pois	assim	o	aplicador	é	colocado	em	um	local	próximo	ao	tumor
para	que	a	radiação	atue	localmente.	De	forma	geral,	a	braquiterapia	é	indicada	1	a	2	vezes	por	semana.	3.	Injeção	de	radioisótopos	Neste	tipo	de	tratamento,	um	líquido	radioativo	é	aplicado	diretamente	na	corrente	sanguínea	do	paciente,	sendo	normalmente	usada	em	casos	de	câncer	de	tireoide.	Principais	efeitos	colaterais	Os	principais	efeitos
colaterais	da	radioterapia	são:	Vermelhidão,	ressecamento,	bolhas,	coceira	ou	descamação	da	pele;	Cansaço	e	falta	de	energia	que	não	melhora	mesmo	com	o	repouso;	Boca	seca	e	feridas	na	gengiva;	Problemas	para	engolir;	Náuseas,	vômitos	ou	diarreia;	Inchaço;	Problemas	urinários	e	na	bexiga;	Queda	de	cabelo,	especialmente	quando	aplicada	na
região	da	cabeça;	Ausência	de	menstruação,	secura	vaginal	e	infertilidade	em	mulheres,	quando	aplicada	na	região	da	pélvis;	Impotência	sexual	e	infertilidade	em	homens,	quando	aplicada	na	região	da	pélvis.	De	forma	geral,	essas	reações	começam	durante	a	2ª	ou	3ª	semana	de	tratamento,	podendo	durar	até	várias	semanas	após	a	última	aplicação.
Além	disso,	os	efeitos	colaterais	são	mais	graves	quando	a	radioterapia	é	feita	juntamente	com	a	quimioterapia.	Conheça	os	efeitos	colaterais	da	quimioterapia.	Como	aliviar	os	efeitos	colaterais	Algumas	formas	de	aliviar	os	efeitos	colaterais	mais	comuns	da	radioterapia	são:	1.	Irritação	na	pele	Para	aliviar	a	irritação,	vermelhidão,	queimadura,	dor	ou
desconforto	na	pele,	chamada	radiodermatite	causada	pela	radioterapia	é	recomendado	aplicar	pomadas	hidratantes	recomendadas	pelo	radio-oncologista.	Uma	boa	pomada	para	aliviar	esses	efeitos	é	a	emulsão	de	óleo	de	andiroba,	colágeno,	vitaminas	A	e	E,	encontrada	com	o	nome	comercial	Tegum.	2.	Náuseas	e	vômitos	Para	aliviar	as	náuseas	e
vômitos	causados	pela	radioterapia,	deve-se	evitar	cheiros	fortes	ou	comidas	muito	quentes,	pois	o	vapor	do	alimento	pode	aumentar	a	náusea	ou	provocar	vômitos.	Além	disso,	deve-se	dar	preferência	a	alimentos	secos	como	torradas,	pão,	biscoito	e	alimentos	gelados,	como	fruta	deixada	na	geladeira,	gelatina,	mingau	frio,	leite	e	iogurte	frio,	frango
assado	ou	cozido.	3.	Dor	na	boca	ou	na	garganta	Para	aliviar	a	dor	na	boca	ou	na	garganta,	boca	seca,	ou	mucosite	causados	pela	radioterapia,	deve-se	beber	bastante	líquido	durante	o	dia,	usar	enxaguantes	bucais	sem	álcool	e	escovar	os	dentes	com	escovas	de	dente	macias.	Além	disso,	é	recomendado	dar	preferência	a	alimentos	moles	como
banana,	melancia,	purê	de	legumes,	macarrão,	mingau	e	ovos	e	evitar	cítricos	como	abacaxi,	laranja	e	alimentos	muito	salgados,	torradas	e	biscoitos	que	podem	ferir	a	boca.	No	caso	de	mucosite	intensa,	o	médico	pode	recomendar	o	tratamento	com	laserterapia.	4.	Diarreia	Para	combater	a	diarreia	causada	pela	radioterapia	é	recomendado	manter	o
corpo	hidratado	bebendo	pelo	menos	2	litros	de	água	por	dia.	Tomar	água	de	coco	pode	ser	uma	boa	estratégia	para	repor	os	líquidos	e	sais	minerais,	mas	o	soro	caseiro	também	é	uma	boa	opção.	5.	Perda	do	apetite	Para	melhorar	o	apetite	e	poder	se	alimentar	bem	deve-se	comer	sempre	que	tiver	fome,	optando	por	alimentos	saudáveis	e	nutritivos
como	iogurte	líquido,	vitamina	de	frutas	ou	pão	com	queijo,	por	exemplo.	6.	Queda	de	cabelo	Para	facilitar	o	crescimento	do	cabelo	após	a	radioterapia,	deve-se	massagear	o	couro	cabeludo	para	estimular	a	circulação	sanguínea.	Além	disso,	deve-se	dar	preferência	a	alimentos	ricos	em	proteínas,	como	carne,	leite,	ovos,	atum,	castanha,	nozes	e
amêndoas,	porque	eles	são	responsáveis	pelo	crescimento	dos	fios.		É	importante	ressaltar	que	o	crescimento	do	cabelo	após	a	radioterapia	é	influenciado	pela	dose	aplicada	e	local,	sendo	que	com	doses	menores	na	região	da	cabeça	e	pescoço	é	possível	que	o	cabelo	cresça,	mas	com	doses	maiores	a	queda	de	cabelo	pode	ser	irreversível.	Cuidados
durante	o	tratamento	Para	aliviar	os	sintomas	e	efeitos	colaterais	do	tratamento,	deve-se	ter	alguns	cuidados	como	evitar	a	exposição	solar,	usar	produtos	de	pele	à	base	de	Aloe	vera	ou	camomila	e	manter	o	local	limpo	e	sem	cremes	ou	hidratantes	durante	as	sessões	de	radiação.	Além	disso,	pode-se	falar	com	o	médico	para	usar	medicamentos	que
combatem	a	dor,	as	náuseas,	os	vômitos	e	a	diarreia,	o	que	ajuda	a	aliviar	o	cansaço	e	facilitar	a	alimentação	durante	o	tratamento.	A	Radioterapia	é	um	dos	tipos	de	tratamento	do	câncer,	podendo	ser	empregada	de	forma	isolada	ou	combinada	com	outras	modalidades,	como	cirurgia	e	quimioterapia.		Este	método	utiliza	radiação	para	destruir	ou
reduzir	células	cancerígenas,	podendo	ser	aplicado	em	diferentes	partes	do	corpo.		Com	avanços	tecnológicos	significativos,	a	precisão	e	eficácia	da	radioterapia	têm	aumentado,	oferecendo	resultados	ainda	mais	promissores	a	muitos	pacientes.		No	conteúdo	de	hoje	vou	trazer	algumas	informações	importantes	a	respeito	desse	tratamento.	Continue
sua	leitura	para	conferir!	A	“Radioterapia”	trabalha	emitindo	radiação	diretamente	no	tumor	ou	na	área	circundante,	com	o	objetivo	de	destruir	as	células	cancerígenas,	impedindo	que	elas	se	multipliquem.		Enquanto	busca-se	maximizar	o	dano	ao	câncer,	também	são	tomados	cuidados	para	minimizar	a	exposição	dos	tecidos	saudáveis	à	radiação.
Radioterapia	é	uma	modalidade	de	tratamento	essencial	no	combate	ao	câncer,	com	diferentes	técnicas	adaptadas	para	atender	às	necessidades	específicas	de	cada	paciente.	Os	principais	tipos	de	radioterapia	incluem:	Radioterapia	Externa:	Esta	é	a	forma	mais	comum,	utilizada	para	tratar	uma	grande	variedade	de	cânceres.	Durante	o	tratamento,
um	feixe	de	radiação	é	precisamente	direcionado	de	uma	máquina	externa	para	o	tumor,	minimizando	o	impacto	sobre	o	tecido	saudável	circundante.	A	tecnologia	moderna	permite	que	os	feixes	sejam	moldados	exatamente	à	forma	do	tumor,	aumentando	a	eficácia	e	reduzindo	os	efeitos	colaterais.	Radioterapia	Interna	(Braquiterapia):	Neste	método,
material	radioativo	é	colocado	diretamente	no	ou	próximo	ao	tumor,	proporcionando	uma	dose	concentrada	de	radiação	em	um	local	específico	do	corpo.	Isso	é	particularmente	útil	para	cânceres	localizados,	como	os	de	próstata,	cervicais	e	de	mama.	A	braquiterapia	permite	que	doses	maiores	de	radiação	sejam	aplicadas	diretamente	ao	alvo	com
menor	exposição	para	os	tecidos	saudáveis	adjacentes.	Radioterapia	Sistêmica:	Utilizada	principalmente	para	tratar	tipos	de	câncer	que	se	espalharam	ou	que	são	disseminados	pelo	corpo,	como	certos	tipos	de	câncer	de	tireoide	ou	metástases	ósseas.	Neste	tratamento,	substâncias	radioativas,	como	o	iodo	radioativo,	são	administradas	por	via	oral	ou
intravenosa,	permitindo	que	a	radiação	circule	pelo	corpo	e	atinja	células	cancerígenas	em	múltiplas	localizações.	Cada	um	dos	tipos	de	radioterapia	é	cuidadosamente	escolhido	com	base	em	fatores	como	a	localização	do	tumor,	o	tipo	de	câncer,	o	estágio	da	doença	e	a	condição	geral	do	paciente.		O	objetivo	é	sempre	maximizar	a	eficácia	do
tratamento	enquanto	se	minimiza	efeitos	adversos	para	o	paciente,	utilizando	tecnologias	e	planejamento	detalhado	do	tratamento.	Essas	modalidades	são	implementadas	por	uma	equipe	multidisciplinar	no	Instituto	de	Oncologia	São	Roque,	onde	especialistas	em	oncologia	trabalham	em	conjunto	para	determinar	a	abordagem	mais	apropriada,
garantindo	que	cada	indivíduo	receba	o	cuidado	personalizado	e	focado	que	merece.		A	escolha	do	tipo	adequado	de	radioterapia	é	crucial	para	aumentar	a	taxa	de	sucesso	do	tratamento	e	melhorar	a	qualidade	de	vida	dos	pacientes	durante	e	após	o	tratamento.	Algumas	estratégias	podem	ser	interessantes	para	quem	vai	realizar	a	radioterapia.	Aqui
estão	dicas	que	podem	ajudar:	Cuide	da	sua	saúde	física:	Alimente-se	de	forma	balanceada,	mantenha-se	hidratado	e	descansado.	Assim	você	favorece	ainda	mais	a	otimização	do	tratamento.	Comunique-se	abertamente	com	a	equipe	profissional:	Não	tenha	medo	de	fazer	perguntas,	tirar	dúvidas	ou	pedir	sugestões.	Comunique-se	com	sua	equipe	de
cuidados	sobre	quaisquer	efeitos	colaterais,	se	houverem.	Eles	podem	oferecer	medicamentos	e	estratégias	para	aliviar	o	desconforto.	Cuide	da	pele:	A	área	tratada	pode	se	tornar	sensível.	Siga	as	instruções	da	sua	equipe	médica	sobre	cuidados	com	a	pele.	A	radioterapia	está	em	constante	evolução,	com	avanços	tecnológicos	que	já	vêm	promovendo
tratamentos	mais	precisos	e	com	menos	chances	de	efeitos	colaterais.		Técnicas	como	a	radioterapia	de	intensidade	modulada	(IMRT)	e	a	terapia	com	feixe	de	prótons,	oferecem	doses	focadas	de	radiação,	por	exemplo.	Esses	avanços	favorecem	ainda	mais	os	resultados	do	tratamento.	A	colaboração	contínua	entre	pesquisadores,	médicos	e
especialistas	em	tecnologia	foi	fundamental	para	o	desenvolvimento	dessas	e	de	outras	inovações	nessa	abordagem.	A	radioterapia,	com	sua	capacidade	de	combater	o	câncer,	é	uma	modalidade	diferencial	em	muitos	casos.	Cada	situação	é	única	e	uma	abordagem	personalizada	é	fundamental	para	cada	paciente,	sendo	importante	uma	comunicação
aberta	com	seu	médico	e	equipe.	Espero	que	o	conteúdo	tenha	ajudado.	Para	ter	informações	sobre	nossos	serviços,	você	pode	entrar	em	contato	pelo	whatsapp!	Dr.	Júlio	César	PrestesOncologista	ClínicoCRM	94131	|	RQE	22648	/	18911	Radioterapia	é	um	tipo	de	tratamento	contra	o	câncer	que	tem	como	objetivo	destruir	ou	impedir	o	crescimento
das	células	tumorais,	por	meio	da	aplicação	de	radiação	concentrada,	diretamente	no	tumor.	Encontre	um	Oncologista	perto	de	você!	Parceria	com	Buscar	Médico	Esse	tipo	de	tratamento	pode	ser	usado	sozinho	ou	juntamente	com	a	quimioterapia	ou	cirurgia,	dependendo	do	tipo	de	câncer	e	do	grau	de	desenvolvimento.	Ao	contrário	da
quimioterapia,	a	radioterapia	não	causa	queda	de	cabelo,	pois	seus	efeitos	são	sentidos	principalmente	no	local	do	tratamento,	embora	possam	variar	também	de	acordo	com	o	tipo	e	a	quantidade	de	radiação	utilizada.	Para	que	serve	A	radioterapia	serve	para	diminuir	a	taxa	de	multiplicação	das	células	tumorais,	podendo	ser	usada	para	tratar	ou
controlar	o	crescimento	de	tumores	benignos	ou	malignos,	podendo	ser	utilizada	antes,	durante	ou	após	o	tratamento	com	cirurgia	ou	quimioterapia.	Além	disso,	este	tipo	de	tratamento	também	pode	ser	usado	apenas	para	aliviar	os	sintomas	e	conferir	conforto	em	casos	mais	avançados	de	câncer,	sendo	nesse	caso	conhecida	como	"radioterapia
paliativa".	Como	é	feita	A	radioterapia	pode	ser	feita	através	de	diferentes	técnicas	de	acordo	com	a	localização	do	tumor	a	ser	tratado,	sua	extensão	e	estado	geral	de	saúde	da	pessoa:	1.	Radioterapia	com	feixe	externo	(teleterapia)	A	radioterapia	externa,	também	chamada	de	teleterapia,	é	feita	com	a	pessoa	deitada	sob	um	aparelho	que	tem	a
radiação	inicialmente	direcionada	para	o	corpo	todo.	Por	isso,	antes	de	iniciar	a	radioterapia	externa,	é	feita	uma	avaliação	médica	para	delimitar	o	local	a	ser	tratado,	o	que	é	feito	com	uma	tinta	vermelha,	que	não	deve	ser	removida	após	o	procedimento,	pois	assim	a	pessoa	consegue	ser	devidamente	posicionada	no	aparelho.	Durante	todo	o
procedimento,	a	pessoa	deve	permanecer	imóvel,	pois	assim	é	possível	garantir	que	a	radiação	não	saia	da	área	delimitada.	De	forma	geral,	as	aplicações	de	teleterapia	são	feitas	diariamente	e	duram	de	10	a	40	minutos,	e	durante	este	período	o	paciente	fica	deitado	e	não	sente	nenhum	incômodo.	2.	Braquiterapia	Na	braquiterapia,	a	radiação	é
enviada	ao	corpo	através	de	aplicadores	especiais,	como	agulhas,	fios	ou	cateteres,	que	são	colocados	diretamente	no	local	a	ser	tratado.	Dependendo	do	tipo	de	tumor,	pode	ser	necessário	o	uso	de	aplicadores	diferentes,	além	de	também	poder	ser	indicada	a	sedação,	que	tem	como	objetivo	evitar	o	desconforto	no	momento	da	colocação	do
aplicador.	Devido	à	necessidade	de	sedação,	em	alguns	casos,	pode	ser	indicado	que	a	pessoa	fique	em	jejum	antes	de	realizar	a	braquiterapia.	Após	a	sedação,	a	pessoa	é	encaminhada	para	a	sala	de	aplicação	da	radiação,	devendo	ser	permanecer	na	posição	mais	adequada	para	a	colocação	dos	aplicadores.	No	caso	de	tumores	ginecológicos,	por
exemplo,	a	mulher	deve	ser	posicionada	em	posição	ginecológica,	pois	assim	o	aplicador	é	colocado	em	um	local	próximo	ao	tumor	para	que	a	radiação	atue	localmente.	De	forma	geral,	a	braquiterapia	é	indicada	1	a	2	vezes	por	semana.	3.	Injeção	de	radioisótopos	Neste	tipo	de	tratamento,	um	líquido	radioativo	é	aplicado	diretamente	na	corrente
sanguínea	do	paciente,	sendo	normalmente	usada	em	casos	de	câncer	de	tireoide.	Principais	efeitos	colaterais	Os	principais	efeitos	colaterais	da	radioterapia	são:	Vermelhidão,	ressecamento,	bolhas,	coceira	ou	descamação	da	pele;	Cansaço	e	falta	de	energia	que	não	melhora	mesmo	com	o	repouso;	Boca	seca	e	feridas	na	gengiva;	Problemas	para
engolir;	Náuseas,	vômitos	ou	diarreia;	Inchaço;	Problemas	urinários	e	na	bexiga;	Queda	de	cabelo,	especialmente	quando	aplicada	na	região	da	cabeça;	Ausência	de	menstruação,	secura	vaginal	e	infertilidade	em	mulheres,	quando	aplicada	na	região	da	pélvis;	Impotência	sexual	e	infertilidade	em	homens,	quando	aplicada	na	região	da	pélvis.	De
forma	geral,	essas	reações	começam	durante	a	2ª	ou	3ª	semana	de	tratamento,	podendo	durar	até	várias	semanas	após	a	última	aplicação.	Além	disso,	os	efeitos	colaterais	são	mais	graves	quando	a	radioterapia	é	feita	juntamente	com	a	quimioterapia.	Conheça	os	efeitos	colaterais	da	quimioterapia.	Como	aliviar	os	efeitos	colaterais	Algumas	formas
de	aliviar	os	efeitos	colaterais	mais	comuns	da	radioterapia	são:	1.	Irritação	na	pele	Para	aliviar	a	irritação,	vermelhidão,	queimadura,	dor	ou	desconforto	na	pele,	chamada	radiodermatite	causada	pela	radioterapia	é	recomendado	aplicar	pomadas	hidratantes	recomendadas	pelo	radio-oncologista.	Uma	boa	pomada	para	aliviar	esses	efeitos	é
a	emulsão	de	óleo	de	andiroba,	colágeno,	vitaminas	A	e	E,	encontrada	com	o	nome	comercial	Tegum.	2.	Náuseas	e	vômitos	Para	aliviar	as	náuseas	e	vômitos	causados	pela	radioterapia,	deve-se	evitar	cheiros	fortes	ou	comidas	muito	quentes,	pois	o	vapor	do	alimento	pode	aumentar	a	náusea	ou	provocar	vômitos.	Além	disso,	deve-se	dar	preferência	a
alimentos	secos	como	torradas,	pão,	biscoito	e	alimentos	gelados,	como	fruta	deixada	na	geladeira,	gelatina,	mingau	frio,	leite	e	iogurte	frio,	frango	assado	ou	cozido.	3.	Dor	na	boca	ou	na	garganta	Para	aliviar	a	dor	na	boca	ou	na	garganta,	boca	seca,	ou	mucosite	causados	pela	radioterapia,	deve-se	beber	bastante	líquido	durante	o	dia,	usar
enxaguantes	bucais	sem	álcool	e	escovar	os	dentes	com	escovas	de	dente	macias.	Além	disso,	é	recomendado	dar	preferência	a	alimentos	moles	como	banana,	melancia,	purê	de	legumes,	macarrão,	mingau	e	ovos	e	evitar	cítricos	como	abacaxi,	laranja	e	alimentos	muito	salgados,	torradas	e	biscoitos	que	podem	ferir	a	boca.	No	caso	de	mucosite
intensa,	o	médico	pode	recomendar	o	tratamento	com	laserterapia.	4.	Diarreia	Para	combater	a	diarreia	causada	pela	radioterapia	é	recomendado	manter	o	corpo	hidratado	bebendo	pelo	menos	2	litros	de	água	por	dia.	Tomar	água	de	coco	pode	ser	uma	boa	estratégia	para	repor	os	líquidos	e	sais	minerais,	mas	o	soro	caseiro	também	é	uma	boa
opção.	5.	Perda	do	apetite	Para	melhorar	o	apetite	e	poder	se	alimentar	bem	deve-se	comer	sempre	que	tiver	fome,	optando	por	alimentos	saudáveis	e	nutritivos	como	iogurte	líquido,	vitamina	de	frutas	ou	pão	com	queijo,	por	exemplo.	6.	Queda	de	cabelo	Para	facilitar	o	crescimento	do	cabelo	após	a	radioterapia,	deve-se	massagear	o	couro	cabeludo
para	estimular	a	circulação	sanguínea.	Além	disso,	deve-se	dar	preferência	a	alimentos	ricos	em	proteínas,	como	carne,	leite,	ovos,	atum,	castanha,	nozes	e	amêndoas,	porque	eles	são	responsáveis	pelo	crescimento	dos	fios.		É	importante	ressaltar	que	o	crescimento	do	cabelo	após	a	radioterapia	é	influenciado	pela	dose	aplicada	e	local,	sendo	que
com	doses	menores	na	região	da	cabeça	e	pescoço	é	possível	que	o	cabelo	cresça,	mas	com	doses	maiores	a	queda	de	cabelo	pode	ser	irreversível.	Cuidados	durante	o	tratamento	Para	aliviar	os	sintomas	e	efeitos	colaterais	do	tratamento,	deve-se	ter	alguns	cuidados	como	evitar	a	exposição	solar,	usar	produtos	de	pele	à	base	de	Aloe	vera	ou
camomila	e	manter	o	local	limpo	e	sem	cremes	ou	hidratantes	durante	as	sessões	de	radiação.	Além	disso,	pode-se	falar	com	o	médico	para	usar	medicamentos	que	combatem	a	dor,	as	náuseas,	os	vômitos	e	a	diarreia,	o	que	ajuda	a	aliviar	o	cansaço	e	facilitar	a	alimentação	durante	o	tratamento.	Therapy	using	ionizing	radiation,	usually	to	treat
cancer	"Radiation	(medicine)"	redirects	here	and	is	not	to	be	confused	with	Radiation	(pain)	or	Radiology.	Medical	intervention	Radiation	therapyRadiation	therapy	of	the	pelvis,	using	a	Varian	Clinac	iX	linear	accelerator.	Lasers	and	a	mould	under	the	legs	are	used	to	determine	exact	position.ICD-10-PCSDICD-9-CM92.2-92.3MeSHD011878OPS-
301	code8–52MedlinePlus001918[edit	on	Wikidata]	Radiation	therapy	or	radiotherapy	(RT,	RTx,	or	XRT)	is	a	treatment	using	ionizing	radiation,	generally	provided	as	part	of	cancer	therapy	to	either	kill	or	control	the	growth	of	malignant	cells.	It	is	normally	delivered	by	a	linear	particle	accelerator.	Radiation	therapy	may	be	curative	in	a	number	of
types	of	cancer	if	they	are	localized	to	one	area	of	the	body,	and	have	not	spread	to	other	parts.	It	may	also	be	used	as	part	of	adjuvant	therapy,	to	prevent	tumor	recurrence	after	surgery	to	remove	a	primary	malignant	tumor	(for	example,	early	stages	of	breast	cancer).	Radiation	therapy	is	synergistic	with	chemotherapy,	and	has	been	used	before,
during,	and	after	chemotherapy	in	susceptible	cancers.	The	subspecialty	of	oncology	concerned	with	radiotherapy	is	called	radiation	oncology.	A	physician	who	practices	in	this	subspecialty	is	a	radiation	oncologist.	Radiation	therapy	is	commonly	applied	to	the	cancerous	tumor	because	of	its	ability	to	control	cell	growth.	Ionizing	radiation	works	by
damaging	the	DNA	of	cancerous	tissue	leading	to	cellular	death.	To	spare	normal	tissues	(such	as	skin	or	organs	which	radiation	must	pass	through	to	treat	the	tumor),	shaped	radiation	beams	are	aimed	from	several	angles	of	exposure	to	intersect	at	the	tumor,	providing	a	much	larger	absorbed	dose	there	than	in	the	surrounding	healthy	tissue.
Besides	the	tumor	itself,	the	radiation	fields	may	also	include	the	draining	lymph	nodes	if	they	are	clinically	or	radiologically	involved	with	the	tumor,	or	if	there	is	thought	to	be	a	risk	of	subclinical	malignant	spread.	It	is	necessary	to	include	a	margin	of	normal	tissue	around	the	tumor	to	allow	for	uncertainties	in	daily	set-up	and	internal	tumor
motion.	These	uncertainties	can	be	caused	by	internal	movement	(for	example,	respiration	and	bladder	filling)	and	movement	of	external	skin	marks	relative	to	the	tumor	position.	Radiation	oncology	is	the	medical	specialty	concerned	with	prescribing	radiation,	and	is	distinct	from	radiology,	the	use	of	radiation	in	medical	imaging	and	diagnosis.
Radiation	may	be	prescribed	by	a	radiation	oncologist	with	intent	to	cure	or	for	adjuvant	therapy.	It	may	also	be	used	as	palliative	treatment	(where	cure	is	not	possible	and	the	aim	is	for	local	disease	control	or	symptomatic	relief)	or	as	therapeutic	treatment	(where	the	therapy	has	survival	benefit	and	can	be	curative).[1]	It	is	also	common	to	combine
radiation	therapy	with	surgery,	chemotherapy,	hormone	therapy,	immunotherapy	or	some	mixture	of	the	four.	Most	common	cancer	types	can	be	treated	with	radiation	therapy	in	some	way.	The	precise	treatment	intent	(curative,	adjuvant,	neoadjuvant	therapeutic,	or	palliative)	will	depend	on	the	tumor	type,	location,	and	stage,	as	well	as	the	general
health	of	the	patient.	Total	body	irradiation	(TBI)	is	a	radiation	therapy	technique	used	to	prepare	the	body	to	receive	a	bone	marrow	transplant.	Brachytherapy,	in	which	a	radioactive	source	is	placed	inside	or	next	to	the	area	requiring	treatment,	is	another	form	of	radiation	therapy	that	minimizes	exposure	to	healthy	tissue	during	procedures	to
treat	cancers	of	the	breast,	prostate,	and	other	organs.	Radiation	therapy	has	several	applications	in	non-malignant	conditions,	such	as	the	treatment	of	trigeminal	neuralgia,	acoustic	neuromas,	severe	thyroid	eye	disease,	pterygium,	pigmented	villonodular	synovitis,	and	prevention	of	keloid	scar	growth,	vascular	restenosis,	and	heterotopic
ossification.[1][2][3][4]	The	use	of	radiation	therapy	in	non-malignant	conditions	is	limited	partly	by	worries	about	the	risk	of	radiation-induced	cancers.	Radiation	therapy	for	a	patient	with	a	diffuse	intrinsic	pontine	glioma,	with	radiation	dose	color-coded	It	is	estimated	that	half	of	the	US'	1.2M	invasive	cancer	cases	diagnosed	in	2022	received
radiation	therapy	in	their	treatment	program.[5]	Different	cancers	respond	to	radiation	therapy	in	different	ways.[6][7][8]	The	response	of	a	cancer	to	radiation	is	described	by	its	radiosensitivity.	Highly	radiosensitive	cancer	cells	are	rapidly	killed	by	modest	doses	of	radiation.	These	include	leukemias,	most	lymphomas,	and	germ	cell	tumors.	The
majority	of	epithelial	cancers	are	only	moderately	radiosensitive,	and	require	a	significantly	higher	dose	of	radiation	(60–70	Gy)	to	achieve	a	radical	cure.	Some	types	of	cancer	are	notably	radioresistant,	that	is,	much	higher	doses	are	required	to	produce	a	radical	cure	than	may	be	safe	in	clinical	practice.	Renal	cell	cancer	and	melanoma	are
generally	considered	to	be	radioresistant	but	radiation	therapy	is	still	a	palliative	option	for	many	patients	with	metastatic	melanoma.	Combining	radiation	therapy	with	immunotherapy	is	an	active	area	of	investigation	and	has	shown	some	promise	for	melanoma	and	other	cancers.[9]	It	is	important	to	distinguish	the	radiosensitivity	of	a	particular
tumor,	which	to	some	extent	is	a	laboratory	measure,	from	the	radiation	"curability"	of	a	cancer	in	actual	clinical	practice.	For	example,	leukemias	are	not	generally	curable	with	radiation	therapy,	because	they	are	disseminated	through	the	body.	Lymphoma	may	be	radically	curable	if	it	is	localized	to	one	area	of	the	body.	Similarly,	many	of	the
common,	moderately	radioresponsive	tumors	are	routinely	treated	with	curative	doses	of	radiation	therapy	if	they	are	at	an	early	stage.	For	example,	non-melanoma	skin	cancer,	head	and	neck	cancer,	breast	cancer,	non-small	cell	lung	cancer,	cervical	cancer,	anal	cancer,	and	prostate	cancer.	With	the	exception	of	oligometastatic	disease,	metastatic
cancers	are	incurable	with	radiation	therapy	because	it	is	not	possible	to	treat	the	whole	body.[citation	needed]	Modern	radiation	therapy	relies	on	a	CT	scan	to	identify	the	tumor	and	surrounding	normal	structures	and	to	perform	dose	calculations	for	the	creation	of	a	complex	radiation	treatment	plan.	The	patient	receives	small	skin	marks	to	guide
the	placement	of	treatment	fields.[10]	Patient	positioning	is	crucial	at	this	stage	as	the	patient	will	have	to	be	placed	in	an	identical	position	during	each	treatment.	Many	patient	positioning	devices	have	been	developed	for	this	purpose,	including	masks	and	cushions	which	can	be	molded	to	the	patient.	Image-guided	radiation	therapy	is	a	method	that
uses	imaging	to	correct	for	positional	errors	of	each	treatment	session.[citation	needed]	Building	on	the	principles	of	Image-guided	radiation	therapy,	Daily	MR-guided	ART	(MRgART)	offers	many	dosimetric	advantages	over	the	traditional	single-plan	RT	workflow,	including	the	ability	to	conform	the	high-dose	region	to	the	tumor	as	the	anatomy
changes	throughout	the	course	of	RT.[11][12][13]	The	response	of	a	tumor	to	radiation	therapy	is	also	related	to	its	size.	Due	to	complex	radiobiology,	very	large	tumors	are	affected	less	by	radiation	compared	to	smaller	tumors	or	microscopic	disease.	Various	strategies	are	used	to	overcome	this	effect.	The	most	common	technique	is	surgical
resection	prior	to	radiation	therapy.	This	is	most	commonly	seen	in	the	treatment	of	breast	cancer	with	wide	local	excision	or	mastectomy	followed	by	adjuvant	radiation	therapy.	Another	method	is	to	shrink	the	tumor	with	neoadjuvant	chemotherapy	prior	to	radical	radiation	therapy.	A	third	technique	is	to	enhance	the	radiosensitivity	of	the	cancer	by
giving	certain	drugs	during	a	course	of	radiation	therapy.	Examples	of	radiosensitizing	drugs	include	cisplatin,	nimorazole,	and	cetuximab.[14]	The	impact	of	radiotherapy	varies	between	different	types	of	cancer	and	different	groups.[15]	For	example,	for	breast	cancer	after	breast-conserving	surgery,	radiotherapy	has	been	found	to	halve	the	rate	at
which	the	disease	recurs.[16]	In	pancreatic	cancer,	radiotherapy	has	increased	survival	times	for	inoperable	tumors.[17]	Radiation	therapy	(RT)	is	in	itself	painless,	but	has	iatrogenic	side	effect	risks.	Many	low-dose	palliative	treatments	(for	example,	radiation	therapy	to	bony	metastases)	cause	minimal	or	no	side	effects,	although	short-term	pain
flare-up	can	be	experienced	in	the	days	following	treatment	due	to	oedema	compressing	nerves	in	the	treated	area.	Higher	doses	can	cause	varying	side	effects	during	treatment	(acute	side	effects),	in	the	months	or	years	following	treatment	(long-term	side	effects),	or	after	re-treatment	(cumulative	side	effects).	The	nature,	severity,	and	longevity	of
side	effects	depends	on	the	organs	that	receive	the	radiation,	the	treatment	itself	(type	of	radiation,	dose,	fractionation,	concurrent	chemotherapy),	and	the	patient.	Serious	radiation	complications	may	occur	in	5%	of	RT	cases.	Acute	(near	immediate)	or	sub-acute	(2	to	3	months	post	RT)	radiation	side	effects	may	develop	after	50	Gy	RT	dosing.	Late
or	delayed	radiation	injury	(6	months	to	decades)	may	develop	after	65	Gy.[5]	Most	side	effects	are	predictable	and	expected.	Side	effects	from	radiation	are	usually	limited	to	the	area	of	the	patient's	body	that	is	under	treatment.	Side	effects	are	dose-dependent;	for	example,	higher	doses	of	head	and	neck	radiation	can	be	associated	with
cardiovascular	complications,	thyroid	dysfunction,	and	pituitary	axis	dysfunction.[18]	Modern	radiation	therapy	aims	to	reduce	side	effects	to	a	minimum	and	to	help	the	patient	understand	and	deal	with	side	effects	that	are	unavoidable.	The	main	side	effects	reported	are	fatigue	and	skin	irritation,	like	a	mild	to	moderate	sun	burn.	The	fatigue	often
sets	in	during	the	middle	of	a	course	of	treatment	and	can	last	for	weeks	after	treatment	ends.	The	irritated	skin	will	heal,	but	may	not	be	as	elastic	as	it	was	before.[19]	Nausea	and	vomiting	This	is	not	a	general	side	effect	of	radiation	therapy,	and	mechanistically	is	associated	only	with	treatment	of	the	stomach	or	abdomen	(which	commonly	react	a
few	hours	after	treatment),	or	with	radiation	therapy	to	certain	nausea-producing	structures	in	the	head	during	treatment	of	certain	head	and	neck	tumors,	most	commonly	the	vestibules	of	the	inner	ears.[20]	As	with	any	distressing	treatment,	some	patients	vomit	immediately	during	radiotherapy,	or	even	in	anticipation	of	it,	but	this	is	considered	a
psychological	response.	Nausea	for	any	reason	can	be	treated	with	antiemetics.[21]	Damage	to	the	epithelial	surfaces	Epithelial	surfaces	may	sustain	damage	from	radiation	therapy.[22]	Depending	on	the	area	being	treated,	this	may	include	the	skin,	oral	mucosa,	pharyngeal,	bowel	mucosa,	and	ureter.	The	rates	of	onset	of	damage	and	recovery	from
it	depend	upon	the	turnover	rate	of	epithelial	cells.	Typically	the	skin	starts	to	become	pink	and	sore	several	weeks	into	treatment.	The	reaction	may	become	more	severe	during	the	treatment	and	for	up	to	about	one	week	following	the	end	of	radiation	therapy,	and	the	skin	may	break	down.	Although	this	moist	desquamation	is	uncomfortable,
recovery	is	usually	quick.	Skin	reactions	tend	to	be	worse	in	areas	where	there	are	natural	folds	in	the	skin,	such	as	underneath	the	female	breast,	behind	the	ear,	and	in	the	groin.	Mouth,	throat	and	stomach	sores	If	the	head	and	neck	area	is	treated,	temporary	soreness	and	ulceration	commonly	occur	in	the	mouth	and	throat.[23]	If	severe,	this	can
affect	swallowing,	and	the	patient	may	need	painkillers	and	nutritional	support/food	supplements.	The	esophagus	can	also	become	sore	if	it	is	treated	directly,	or	if,	as	commonly	occurs,	it	receives	a	dose	of	collateral	radiation	during	treatment	of	lung	cancer.	When	treating	liver	malignancies	and	metastases,	it	is	possible	for	collateral	radiation	to
cause	gastric,	stomach,	or	duodenal	ulcers[24][25]	This	collateral	radiation	is	commonly	caused	by	non-targeted	delivery	(reflux)	of	the	radioactive	agents	being	infused.[26]	Methods,	techniques	and	devices	are	available	to	lower	the	occurrence	of	this	type	of	adverse	side	effect.[27]	Intestinal	discomfort	The	lower	bowel	may	be	treated	directly	with
radiation	(treatment	of	rectal	or	anal	cancer)	or	be	exposed	by	radiation	therapy	to	other	pelvic	structures	(prostate,	bladder,	female	genital	tract).	Typical	symptoms	are	soreness,	diarrhoea,	and	nausea.	Nutritional	interventions	may	be	able	to	help	with	diarrhoea	associated	with	radiotherapy.[28]	Studies	in	people	having	pelvic	radiotherapy	as	part
of	anticancer	treatment	for	a	primary	pelvic	cancer	found	that	changes	in	dietary	fat,	fibre	and	lactose	during	radiotherapy	reduced	diarrhoea	at	the	end	of	treatment.[28]	Swelling	As	part	of	the	general	inflammation	that	occurs,	swelling	of	soft	tissues	may	cause	problems	during	radiation	therapy.	This	is	a	concern	during	treatment	of	brain	tumors
and	brain	metastases,	especially	where	there	is	pre-existing	raised	intracranial	pressure	or	where	the	tumor	is	causing	near-total	obstruction	of	a	lumen	(e.g.,	trachea	or	main	bronchus).	Surgical	intervention	may	be	considered	prior	to	treatment	with	radiation.	If	surgery	is	deemed	unnecessary	or	inappropriate,	the	patient	may	receive	steroids
during	radiation	therapy	to	reduce	swelling.	Infertility	The	gonads	(ovaries	and	testicles)	are	very	sensitive	to	radiation.	They	may	be	unable	to	produce	gametes	following	direct	exposure	to	most	normal	treatment	doses	of	radiation.	Treatment	planning	for	all	body	sites	is	designed	to	minimize,	if	not	completely	exclude	dose	to	the	gonads	if	they	are
not	the	primary	area	of	treatment.	Late	side	effects	occur	months	to	years	after	treatment	and	are	generally	limited	to	the	area	that	has	been	treated.	They	are	often	due	to	damage	of	blood	vessels	and	connective	tissue	cells.	Many	late	effects	are	reduced	by	fractionating	treatment	into	smaller	parts.	Fibrosis	Tissues	which	have	been	irradiated	tend
to	become	less	elastic	over	time	due	to	a	diffuse	scarring	process.	Epilation	Epilation	(hair	loss)	may	occur	on	any	hair	bearing	skin	with	doses	above	1	Gy.	It	only	occurs	within	the	radiation	field(s).	Hair	loss	may	be	permanent	with	a	single	dose	of	10	Gy,	but	if	the	dose	is	fractionated	permanent	hair	loss	may	not	occur	until	dose	exceeds	45	Gy.
Dryness	The	salivary	glands	and	tear	glands	have	a	radiation	tolerance	of	about	30	Gy	in	2	Gy	fractions,	a	dose	which	is	exceeded	by	most	radical	head	and	neck	cancer	treatments.	Dry	mouth	(xerostomia)	and	dry	eyes	(xerophthalmia)	can	become	irritating	long-term	problems	and	severely	reduce	the	patient's	quality	of	life.	Similarly,	sweat	glands	in
treated	skin	(such	as	the	armpit)	tend	to	stop	working,	and	the	naturally	moist	vaginal	mucosa	is	often	dry	following	pelvic	irradiation.	Chronic	sinus	drainage	Radiation	therapy	treatments	to	the	head	and	neck	regions	for	soft	tissue,	palate	or	bone	cancer	can	cause	chronic	sinus	tract	draining	and	fistulae	from	the	bone.[5]	Lymphedema
Lymphedema,	a	condition	of	localized	fluid	retention	and	tissue	swelling,	can	result	from	damage	to	the	lymphatic	system	sustained	during	radiation	therapy.	It	is	the	most	commonly	reported	complication	in	breast	radiation	therapy	patients	who	receive	adjuvant	axillary	radiotherapy	following	surgery	to	clear	the	axillary	lymph	nodes	.[29]	Cancer
Radiation	is	a	potential	cause	of	cancer,	and	secondary	malignancies	are	seen	in	some	patients.	Cancer	survivors	are	already	more	likely	than	the	general	population	to	develop	malignancies	due	to	a	number	of	factors	including	lifestyle	choices,	genetics,	and	previous	radiation	treatment.	It	is	difficult	to	directly	quantify	the	rates	of	these	secondary
cancers	from	any	single	cause.	Studies	have	found	radiation	therapy	as	the	cause	of	secondary	malignancies	for	only	a	small	minority	of	patients,[30][31]	e.g.,	exposure	to	ionizing	radiation	is	an	identified	risk	factor	for	subsequent	glioma;	see	main	topic	Glioma#Causes.	The	combined	risk	of	a	radiation-induced	glioblastoma	or	astrocytoma	within	15
years	of	the	initial	radiotherapy	is	0.5-2.7%.[32]	New	techniques	such	as	proton	beam	therapy	and	carbon	ion	radiotherapy	which	aim	to	reduce	dose	to	healthy	tissues	will	lower	these	risks.[33][34]	It	starts	to	occur	4–6	years	following	treatment,	although	some	haematological	malignancies	may	develop	within	3	years.	In	the	vast	majority	of	cases,
this	risk	is	greatly	outweighed	by	the	reduction	in	risk	conferred	by	treating	the	primary	cancer	even	in	pediatric	malignancies	which	carry	a	higher	burden	of	secondary	malignancies.[35]	Cardiovascular	disease	Radiation	can	increase	the	risk	of	heart	disease	and	death	as	observed	in	previous	breast	cancer	RT	regimens.[36]	Therapeutic	radiation
increases	the	risk	of	a	subsequent	cardiovascular	event	(i.e.,	heart	attack	or	stroke)	by	1.5	to	4	times	a	person's	normal	rate,	aggravating	factors	included.[37]	The	increase	is	dose	dependent,	related	to	the	RT's	dose	strength,	volume	and	location.	Use	of	concomitant	chemotherapy,	e.g.	anthracyclines,	is	an	aggravating	risk	factor.[38]	The	occurrence
rate	of	RT	induced	cardiovascular	disease	is	estimated	between	10	and	30%.[38]	Cardiovascular	late	side	effects	have	been	termed	radiation-induced	heart	disease	(RIHD)	and	radiation-induced	cardiovascular	disease	(RIVD).[39][40]	Symptoms	are	dose	dependent	and	include	cardiomyopathy,	myocardial	fibrosis,	valvular	heart	disease,	coronary
artery	disease,	heart	arrhythmia	and	peripheral	artery	disease.	Radiation-induced	fibrosis,	vascular	cell	damage	and	oxidative	stress	can	lead	to	these	and	other	late	side	effect	symptoms.[39]	Most	radiation-induced	cardiovascular	diseases	occur	10	or	more	years	post	treatment,	making	causality	determinations	more	difficult.[37]	Cognitive	decline	In
cases	of	radiation	applied	to	the	head	radiation	therapy	may	cause	cognitive	decline.	Cognitive	decline	was	especially	apparent	in	young	children,	between	the	ages	of	5	and	11.	Studies	found,	for	example,	that	the	IQ	of	5-year-old	children	declined	each	year	after	treatment	by	several	IQ	points.[41]	Histopathology	of	radiation	cystitis,	including
atypical	stromal	cells	("radiation	fibroblasts")	Radiation	enteropathy	The	gastrointestinal	tract	can	be	damaged	following	abdominal	and	pelvic	radiotherapy.[42]	Atrophy,	fibrosis	and	vascular	changes	produce	malabsorption,	diarrhea,	steatorrhea	and	bleeding	with	bile	acid	diarrhea	and	vitamin	B12	malabsorption	commonly	found	due	to	ileal
involvement.	Pelvic	radiation	disease	includes	radiation	proctitis,	producing	bleeding,	diarrhoea	and	urgency,[43]	and	can	also	cause	radiation	cystitis	when	the	bladder	is	affected.	Lung	injury	Radiation-induced	lung	injury	(RILI)	encompasses	radiation	pneumonitis	and	pulmonary	fibrosis.	Lung	tissue	is	sensitive	to	ionizing	radiation,	tolerating	only
18–20	Gy,[44]	a	fraction	of	typical	therapeutic	dosage	levels.	The	lung's	terminal	airways	and	associated	alveoli	can	become	damaged,	preventing	effective	respiratory	gas	exchange.	The	adverse	effects	of	radiation	are	often	asymptomatic	with	clinically	significant	RILI	occurrence	rates	varying	widely	in	literature,	affecting	5–25%	of	those	treated	for
thoracic	and	mediastinal	malignancies	and	1–5%	of	those	treated	for	breast	cancer.[44]	Radiation-induced	polyneuropathy	Radiation	treatments	may	damage	nerves	near	the	target	area	or	within	the	delivery	path	as	nerve	tissue	is	also	radiosensitive.[45]	Nerve	damage	from	ionizing	radiation	occurs	in	phases,	the	initial	phase	from	microvascular
injury,	capillary	damage	and	nerve	demyelination.[46]	Subsequent	damage	occurs	from	vascular	constriction	and	nerve	compression	due	to	uncontrolled	fibrous	tissue	growth	caused	by	radiation.[46]	Radiation-induced	polyneuropathy,	ICD-10-CM	Code	G62.82,	occurs	in	approximately	1–5%	of	those	receiving	radiation	therapy.[46][45]	Depending
upon	the	irradiated	zone,	late	effect	neuropathy	may	occur	in	either	the	central	nervous	system	(CNS)	or	the	peripheral	nervous	system	(PNS).	In	the	CNS	for	example,	cranial	nerve	injury	typically	presents	as	a	visual	acuity	loss	1–14	years	post	treatment.[46]	In	the	PNS,	injury	to	the	plexus	nerves	presents	as	radiation-induced	brachial	plexopathy
or	radiation-induced	lumbosacral	plexopathy	appearing	up	to	3	decades	post	treatment.[46]	Myokymia	(muscle	cramping,	spasms	or	twitching)	may	develop.	Radiation-induced	nerve	injury,	chronic	compressive	neuropathies	and	polyradiculopathies	are	the	most	common	cause	of	myokymic	discharges.[47]	Clinically,	the	majority	of	patients	receiving
radiation	therapy	have	measurable	myokymic	discharges	within	their	field	of	radiation	which	present	as	focal	or	segmental	myokymia.	Common	areas	affected	include	the	arms,	legs	or	face	depending	upon	the	location	of	nerve	injury.	Myokymia	is	more	frequent	when	radiation	doses	exceed	10	gray	(Gy).[48]	Radiation	necrosis	Radiation	necrosis	is
the	death	of	healthy	tissue	near	the	irradiated	site.	It	is	a	type	of	coagulative	necrosis	that	occurs	because	the	radiation	directly	or	indirectly	damages	blood	vessels	in	the	area,	which	reduces	the	blood	supply	to	the	remaining	healthy	tissue,	causing	it	to	die	by	ischemia,	similar	to	what	happens	in	an	ischemic	stroke.[49]	Because	it	is	an	indirect	effect
of	the	treatment,	it	occurs	months	to	decades	after	radiation	exposure.[49]	Radiation	necrosis	most	commonly	presents	as	osteoradionecrosis,	vaginal	radionecrosis,	soft	tissue	radionecrosis,	or	laryngeal	radionecrosis.[5]	Cumulative	effects	from	this	process	should	not	be	confused	with	long-term	effects	–	when	short-term	effects	have	disappeared
and	long-term	effects	are	subclinical,	reirradiation	can	still	be	problematic.[50]	These	doses	are	calculated	by	the	radiation	oncologist	and	many	factors	are	taken	into	account	before	the	subsequent	radiation	takes	place.	During	the	first	two	weeks	after	fertilization,	radiation	therapy	is	lethal	but	not	teratogenic.[51]	High	doses	of	radiation	during
pregnancy	induce	anomalies,	impaired	growth	and	intellectual	disability,	and	there	may	be	an	increased	risk	of	childhood	leukemia	and	other	tumors	in	the	offspring.[51]	In	males	previously	having	undergone	radiotherapy,	there	appears	to	be	no	increase	in	genetic	defects	or	congenital	malformations	in	their	children	conceived	after	therapy.[51]
However,	the	use	of	assisted	reproductive	technologies	and	micromanipulation	techniques	might	increase	this	risk.[51]	Hypopituitarism	commonly	develops	after	radiation	therapy	for	sellar	and	parasellar	neoplasms,	extrasellar	brain	tumors,	head	and	neck	tumors,	and	following	whole	body	irradiation	for	systemic	malignancies.[52]	40–50%	of
children	treated	for	childhood	cancer	develop	some	endocrine	side	effect.[53]	Radiation-induced	hypopituitarism	mainly	affects	growth	hormone	and	gonadal	hormones.[52]	In	contrast,	adrenocorticotrophic	hormone	(ACTH)	and	thyroid	stimulating	hormone	(TSH)	deficiencies	are	the	least	common	among	people	with	radiation-induced
hypopituitarism.[52]	Changes	in	prolactin-secretion	is	usually	mild,	and	vasopressin	deficiency	appears	to	be	very	rare	as	a	consequence	of	radiation.[52]	Delayed	tissue	injury	with	impaired	wound	healing	capability	often	develops	after	receiving	doses	in	excess	of	65	Gy.	A	diffuse	injury	pattern	due	to	the	external	beam	radiotherapy's	holographic
isodosing	occurs.	While	the	targeted	tumor	receives	the	majority	of	radiation,	healthy	tissue	at	incremental	distances	from	the	center	of	the	tumor	are	also	irradiated	in	a	diffuse	pattern	due	to	beam	divergence.	These	wounds	demonstrate	progressive,	proliferative	endarteritis,	inflamed	arterial	linings	that	disrupt	the	tissue's	blood	supply.	Such	tissue
ends	up	chronically	hypoxic,	fibrotic,	and	without	an	adequate	nutrient	and	oxygen	supply.	Surgery	of	previously	irradiated	tissue	has	a	very	high	failure	rate,	e.g.	women	who	have	received	radiation	for	breast	cancer	develop	late	effect	chest	wall	tissue	fibrosis	and	hypovascularity,	making	successful	reconstruction	and	healing	difficult,	if	not
impossible.[5]	There	are	rigorous	procedures	in	place	to	minimise	the	risk	of	accidental	overexposure	of	radiation	therapy	to	patients.	However,	mistakes	do	occasionally	occur;	for	example,	the	radiation	therapy	machine	Therac-25	was	responsible	for	at	least	six	accidents	between	1985	and	1987,	where	patients	were	given	up	to	one	hundred	times
the	intended	dose;	two	people	were	killed	directly	by	the	radiation	overdoses.	From	2005	to	2010,	a	hospital	in	Missouri	overexposed	76	patients	(most	with	brain	cancer)	during	a	five-year	period	because	new	radiation	equipment	had	been	set	up	incorrectly.[54]	Although	medical	errors	are	exceptionally	rare,	radiation	oncologists,	medical	physicists
and	other	members	of	the	radiation	therapy	treatment	team	are	working	to	eliminate	them.	In	2010	the	American	Society	for	Radiation	Oncology	(ASTRO)	launched	a	safety	initiative	called	Target	Safely	that,	among	other	things,	aimed	to	record	errors	nationwide	so	that	doctors	can	learn	from	each	and	every	mistake	and	prevent	them	from
recurring.	ASTRO	also	publishes	a	list	of	questions	for	patients	to	ask	their	doctors	about	radiation	safety	to	ensure	every	treatment	is	as	safe	as	possible.[55]	The	beam's	eye	view	of	the	radiotherapy	portal	on	the	hand's	surface	with	the	lead	shield	cut-out	placed	in	the	machine's	gantry	Radiation	therapy	is	used	to	treat	early	stage	Dupuytren's
disease	and	Ledderhose	disease.	When	Dupuytren's	disease	is	at	the	nodules	and	cords	stage	or	fingers	are	at	a	minimal	deformation	stage	of	less	than	10	degrees,	then	radiation	therapy	is	used	to	prevent	further	progress	of	the	disease.	Radiation	therapy	is	also	used	post	surgery	in	some	cases	to	prevent	the	disease	continuing	to	progress.	Low
doses	of	radiation	are	used	typically	three	gray	of	radiation	for	five	days,	with	a	break	of	three	months	followed	by	another	phase	of	three	gray	of	radiation	for	five	days.[56]	Radiation	therapy	works	by	damaging	the	DNA	of	cancer	cells	and	can	cause	them	to	undergo	mitotic	catastrophe.[57]	This	DNA	damage	is	caused	by	one	of	two	types	of	energy,
photon	or	charged	particle.	This	damage	is	either	direct	or	indirect	ionization	of	the	atoms	which	make	up	the	DNA	chain.	Indirect	ionization	happens	as	a	result	of	the	ionization	of	water,	forming	free	radicals,	notably	hydroxyl	radicals,	which	then	damage	the	DNA.	In	photon	therapy,	most	of	the	radiation	effect	is	through	free	radicals.	Cells	have
mechanisms	for	repairing	single-strand	DNA	damage	and	double-stranded	DNA	damage.	However,	double-stranded	DNA	breaks	are	much	more	difficult	to	repair,	and	can	lead	to	dramatic	chromosomal	abnormalities	and	genetic	deletions.	Targeting	double-stranded	breaks	increases	the	probability	that	cells	will	undergo	cell	death.	Cancer	cells	are
generally	less	differentiated	and	more	stem	cell-like;	they	reproduce	more	than	most	healthy	differentiated	cells,	and	have	a	diminished	ability	to	repair	sub-lethal	damage.	Single-strand	DNA	damage	is	then	passed	on	through	cell	division;	damage	to	the	cancer	cells'	DNA	accumulates,	causing	them	to	die	or	reproduce	more	slowly.	One	of	the	major
limitations	of	photon	radiation	therapy	is	that	the	cells	of	solid	tumors	become	deficient	in	oxygen.	Solid	tumors	can	outgrow	their	blood	supply,	causing	a	low-oxygen	state	known	as	hypoxia.	Oxygen	is	a	potent	radiosensitizer,	increasing	the	effectiveness	of	a	given	dose	of	radiation	by	forming	DNA-damaging	free	radicals.	Tumor	cells	in	a	hypoxic
environment	may	be	as	much	as	2	to	3	times	more	resistant	to	radiation	damage	than	those	in	a	normal	oxygen	environment.[58]	Much	research	has	been	devoted	to	overcoming	hypoxia	including	the	use	of	high	pressure	oxygen	tanks,	hyperthermia	therapy	(heat	therapy	which	dilates	blood	vessels	to	the	tumor	site),	blood	substitutes	that	carry
increased	oxygen,	hypoxic	cell	radiosensitizer	drugs	such	as	misonidazole	and	metronidazole,	and	hypoxic	cytotoxins	(tissue	poisons),	such	as	tirapazamine.	Newer	research	approaches	are	currently	being	studied,	including	preclinical	and	clinical	investigations	into	the	use	of	an	oxygen	diffusion-enhancing	compound	such	as	trans	sodium	crocetinate
as	a	radiosensitizer.[59]	Charged	particles	such	as	protons	and	boron,	carbon,	and	neon	ions	can	cause	direct	damage	to	cancer	cell	DNA	through	high-LET	(linear	energy	transfer)	and	have	an	antitumor	effect	independent	of	tumor	oxygen	supply	because	these	particles	act	mostly	via	direct	energy	transfer	usually	causing	double-stranded	DNA
breaks.	Due	to	their	relatively	large	mass,	protons	and	other	charged	particles	have	little	lateral	side	scatter	in	the	tissue	–	the	beam	does	not	broaden	much,	stays	focused	on	the	tumor	shape,	and	delivers	small	dose	side-effects	to	surrounding	tissue.	They	also	more	precisely	target	the	tumor	using	the	Bragg	peak	effect.	See	proton	therapy	for	a
good	example	of	the	different	effects	of	intensity-modulated	radiation	therapy	(IMRT)	vs.	charged	particle	therapy.	This	procedure	reduces	damage	to	healthy	tissue	between	the	charged	particle	radiation	source	and	the	tumor	and	sets	a	finite	range	for	tissue	damage	after	the	tumor	has	been	reached.	In	contrast,	IMRT's	use	of	uncharged	particles
causes	its	energy	to	damage	healthy	cells	when	it	exits	the	body.	This	exiting	damage	is	not	therapeutic,	can	increase	treatment	side	effects,	and	increases	the	probability	of	secondary	cancer	induction.[60]	This	difference	is	very	important	in	cases	where	the	close	proximity	of	other	organs	makes	any	stray	ionization	very	damaging	(example:	head
and	neck	cancers).	This	X-ray	exposure	is	especially	bad	for	children,	due	to	their	growing	bodies,	and	while	depending	on	a	multitude	of	factors,	they	are	around	10	times	more	sensitive	to	developing	secondary	malignancies	after	radiotherapy	as	compared	to	adults.[61]	The	amount	of	radiation	used	in	photon	radiation	therapy	is	measured	in	grays
(Gy),	and	varies	depending	on	the	type	and	stage	of	cancer	being	treated.	For	curative	cases,	the	typical	dose	for	a	solid	epithelial	tumor	ranges	from	60	to	80	Gy,	while	lymphomas	are	treated	with	20	to	40	Gy.	Preventive	(adjuvant)	doses	are	typically	around	45–60	Gy	in	1.8–2	Gy	fractions	(for	breast,	head,	and	neck	cancers.)	Many	other	factors	are
considered	by	radiation	oncologists	when	selecting	a	dose,	including	whether	the	patient	is	receiving	chemotherapy,	patient	comorbidities,	whether	radiation	therapy	is	being	administered	before	or	after	surgery,	and	the	degree	of	success	of	surgery.	Delivery	parameters	of	a	prescribed	dose	are	determined	during	treatment	planning	(part	of
dosimetry).	Treatment	planning	is	generally	performed	on	dedicated	computers	using	specialized	treatment	planning	software.	Depending	on	the	radiation	delivery	method,	several	angles	or	sources	may	be	used	to	sum	to	the	total	necessary	dose.	The	planner	will	try	to	design	a	plan	that	delivers	a	uniform	prescription	dose	to	the	tumor	and
minimizes	dose	to	surrounding	healthy	tissues.	In	radiation	therapy,	three-dimensional	dose	distributions	may	be	evaluated	using	the	dosimetry	technique	known	as	gel	dosimetry.[62]	This	section	only	applies	to	photon	radiotherapy	although	other	types	of	radiation	therapy	may	be	fractionated	Main	article:	Dose	fractionation	The	total	dose	is
fractionated	(spread	out	over	time)	for	several	important	reasons.	Fractionation	allows	normal	cells	time	to	recover,	while	tumor	cells	are	generally	less	efficient	in	repair	between	fractions.	Fractionation	also	allows	tumor	cells	that	were	in	a	relatively	radio-resistant	phase	of	the	cell	cycle	during	one	treatment	to	cycle	into	a	sensitive	phase	of	the
cycle	before	the	next	fraction	is	given.	Similarly,	tumor	cells	that	were	chronically	or	acutely	hypoxic	(and	therefore	more	radioresistant)	may	reoxygenate	between	fractions,	improving	the	tumor	cell	kill.[63]	Fractionation	regimens	are	individualised	between	different	radiation	therapy	centers	and	even	between	individual	doctors.	In	North	America,
Australia,	and	Europe,	the	typical	fractionation	schedule	for	adults	is	1.8	to	2	Gy	per	day,	five	days	a	week.	In	some	cancer	types,	prolongation	of	the	fraction	schedule	over	too	long	can	allow	for	the	tumor	to	begin	repopulating,	and	for	these	tumor	types,	including	head-and-neck	and	cervical	squamous	cell	cancers,	radiation	treatment	is	preferably
completed	within	a	certain	amount	of	time.	For	children,	a	typical	fraction	size	may	be	1.5	to	1.8	Gy	per	day,	as	smaller	fraction	sizes	are	associated	with	reduced	incidence	and	severity	of	late-onset	side	effects	in	normal	tissues.	In	some	cases,	two	fractions	per	day	are	used	near	the	end	of	a	course	of	treatment.	This	schedule,	known	as	a
concomitant	boost	regimen	or	hyperfractionation,	is	used	on	tumors	that	regenerate	more	quickly	when	they	are	smaller.	In	particular,	tumors	in	the	head-and-neck	demonstrate	this	behavior.	Patients	receiving	palliative	radiation	to	treat	uncomplicated	painful	bone	metastasis	should	not	receive	more	than	a	single	fraction	of	radiation.[64]	A	single
treatment	gives	comparable	pain	relief	and	morbidity	outcomes	to	multiple-fraction	treatments,	and	for	patients	with	limited	life	expectancy,	a	single	treatment	is	best	to	improve	patient	comfort.[64]	One	fractionation	schedule	that	is	increasingly	being	used	and	continues	to	be	studied	is	hypofractionation.	This	is	a	radiation	treatment	in	which	the
total	dose	of	radiation	is	divided	into	large	doses.	Typical	doses	vary	significantly	by	cancer	type,	from	2.2	Gy/fraction	to	20	Gy/fraction,	the	latter	being	typical	of	stereotactic	treatments	(stereotactic	ablative	body	radiotherapy,	or	SABR	–	also	known	as	SBRT,	or	stereotactic	body	radiotherapy)	for	subcranial	lesions,	or	SRS	(stereotactic	radiosurgery)
for	intracranial	lesions.	The	rationale	of	hypofractionation	is	to	reduce	the	probability	of	local	recurrence	by	denying	clonogenic	cells	the	time	they	require	to	reproduce	and	also	to	exploit	the	radiosensitivity	of	some	tumors.[65]	In	particular,	stereotactic	treatments	are	intended	to	destroy	clonogenic	cells	by	a	process	of	ablation,	i.e.,	the	delivery	of	a
dose	intended	to	destroy	clonogenic	cells	directly,	rather	than	to	interrupt	the	process	of	clonogenic	cell	division	repeatedly	(apoptosis),	as	in	routine	radiotherapy.	Different	cancer	types	have	different	radiation	sensitivity.	While	predicting	the	sensitivity	based	on	genomic	or	proteomic	analyses	of	biopsy	samples	has	proven	challenging,[66][67]	the
predictions	of	radiation	effect	on	individual	patients	from	genomic	signatures	of	intrinsic	cellular	radiosensitivity	have	been	shown	to	associate	with	clinical	outcome.[68]	An	alternative	approach	to	genomics	and	proteomics	was	offered	by	the	discovery	that	radiation	protection	in	microbes	is	offered	by	non-enzymatic	complexes	of	manganese	and
small	organic	metabolites.[69]	The	content	and	variation	of	manganese	(measurable	by	electron	paramagnetic	resonance)	were	found	to	be	good	predictors	of	radiosensitivity,	and	this	finding	extends	also	to	human	cells.[70]	An	association	was	confirmed	between	total	cellular	manganese	contents	and	their	variation,	and	clinically	inferred
radioresponsiveness	in	different	tumor	cells,	a	finding	that	may	be	useful	for	more	precise	radiodosages	and	improved	treatment	of	cancer	patients.[71]	Historically,	the	three	main	divisions	of	radiation	therapy	are:	external	beam	radiation	therapy	(EBRT	or	XRT)	or	teletherapy;	brachytherapy	or	sealed	source	radiation	therapy;	and	systemic
radioisotope	therapy	or	unsealed	source	radiotherapy.	The	differences	relate	to	the	position	of	the	radiation	source;	external	is	outside	the	body,	brachytherapy	uses	sealed	radioactive	sources	placed	precisely	in	the	area	under	treatment,	and	systemic	radioisotopes	are	given	by	infusion	or	oral	ingestion.	Brachytherapy	can	use	temporary	or
permanent	placement	of	radioactive	sources.	The	temporary	sources	are	usually	placed	by	a	technique	called	afterloading.	In	afterloading	a	hollow	tube	or	applicator	is	placed	surgically	in	the	organ	to	be	treated,	and	the	sources	are	loaded	into	the	applicator	after	the	applicator	is	implanted.	This	minimizes	radiation	exposure	to	health	care
personnel.	Particle	therapy	is	a	special	case	of	external	beam	radiation	therapy	where	the	particles	are	protons	or	heavier	ions.	A	review	of	radiation	therapy	randomised	clinical	trials	from	2018	to	2021	found	many	practice-changing	data	and	new	concepts	that	emerge	from	RCTs,	identifying	techniques	that	improve	the	therapeutic	ratio,	techniques
that	lead	to	more	tailored	treatments,	stressing	the	importance	of	patient	satisfaction,	and	identifying	areas	that	require	further	study.[72][73]	Main	article:	External	beam	radiation	therapy	The	following	three	sections	refer	to	treatment	using	X-rays.	A	teletherapy	radiation	capsule	composed	of	the	following:	an	international	standard	source	holder
(usually	lead),a	retaining	ring,	anda	teletherapy	"source"	composed	oftwo	nested	stainless	steel	canisters	welded	totwo	stainless	steel	lids	surroundinga	protective	internal	shield	(usually	uranium	metal	or	a	tungsten	alloy)	anda	cylinder	of	radioactive	source	material,	often	but	not	always	cobalt-60.	The	diameter	of	the	"source"	is	30	mm.	Historically
conventional	external	beam	radiation	therapy	(2DXRT)	was	delivered	via	two-dimensional	beams	using	kilovoltage	therapy	X-ray	units,	medical	linear	accelerators	that	generate	high-energy	X-rays,	or	with	machines	that	were	similar	to	a	linear	accelerator	in	appearance,	but	used	a	sealed	radioactive	source	like	the	one	shown	above.[74][75]	2DXRT
mainly	consists	of	a	single	beam	of	radiation	delivered	to	the	patient	from	several	directions:	often	front	or	back,	and	both	sides.	Conventional	refers	to	the	way	the	treatment	is	planned	or	simulated	on	a	specially	calibrated	diagnostic	X-ray	machine	known	as	a	simulator	because	it	recreates	the	linear	accelerator	actions	(or	sometimes	by	eye),	and	to
the	usually	well-established	arrangements	of	the	radiation	beams	to	achieve	a	desired	plan.	The	aim	of	simulation	is	to	accurately	target	or	localize	the	volume	which	is	to	be	treated.	This	technique	is	well	established	and	is	generally	quick	and	reliable.	The	worry	is	that	some	high-dose	treatments	may	be	limited	by	the	radiation	toxicity	capacity	of
healthy	tissues	which	lie	close	to	the	target	tumor	volume.	An	example	of	this	problem	is	seen	in	radiation	of	the	prostate	gland,	where	the	sensitivity	of	the	adjacent	rectum	limited	the	dose	which	could	be	safely	prescribed	using	2DXRT	planning	to	such	an	extent	that	tumor	control	may	not	be	easily	achievable.	Prior	to	the	invention	of	the	CT,
physicians	and	physicists	had	limited	knowledge	about	the	true	radiation	dosage	delivered	to	both	cancerous	and	healthy	tissue.	For	this	reason,	3-dimensional	conformal	radiation	therapy	has	become	the	standard	treatment	for	almost	all	tumor	sites.	More	recently	other	forms	of	imaging	are	used	including	MRI,	PET,	SPECT	and	Ultrasound.[76]
Main	article:	Radiosurgery	Stereotactic	radiation	is	a	specialized	type	of	external	beam	radiation	therapy.	It	uses	focused	radiation	beams	targeting	a	well-defined	tumor	using	extremely	detailed	imaging	scans.	Radiation	oncologists	perform	stereotactic	treatments,	often	with	the	help	of	a	neurosurgeon	for	tumors	in	the	brain	or	spine.	There	are	two
types	of	stereotactic	radiation.	Stereotactic	radiosurgery	(SRS)	is	when	doctors	use	a	single	or	several	stereotactic	radiation	treatments	of	the	brain	or	spine.	Stereotactic	body	radiation	therapy	(SBRT)	refers	to	one	or	several	stereotactic	radiation	treatments	with	the	body,	such	as	the	lungs.[77]	Some	doctors	say	an	advantage	to	stereotactic
treatments	is	that	they	deliver	the	right	amount	of	radiation	to	the	cancer	in	a	shorter	amount	of	time	than	traditional	treatments,	which	can	often	take	6	to	11	weeks.	Plus	treatments	are	given	with	extreme	accuracy,	which	should	limit	the	effect	of	the	radiation	on	healthy	tissues.	One	problem	with	stereotactic	treatments	is	that	they	are	only
suitable	for	certain	small	tumors.	Stereotactic	treatments	can	be	confusing	because	many	hospitals	call	the	treatments	by	the	name	of	the	manufacturer	rather	than	calling	it	SRS	or	SBRT.	Brand	names	for	these	treatments	include	Axesse,	Cyberknife,	Gamma	Knife,	Novalis,	Primatom,	Synergy,	X-Knife,	TomoTherapy,	Trilogy	and	Truebeam.[78]	This
list	changes	as	equipment	manufacturers	continue	to	develop	new,	specialized	technologies	to	treat	cancers.	The	planning	of	radiation	therapy	treatment	has	been	revolutionized	by	the	ability	to	delineate	tumors	and	adjacent	normal	structures	in	three	dimensions	using	specialized	CT	and/or	MRI	scanners	and	planning	software.[79]	Virtual
simulation,	the	most	basic	form	of	planning,	allows	more	accurate	placement	of	radiation	beams	than	is	possible	using	conventional	X-rays,	where	soft-tissue	structures	are	often	difficult	to	assess	and	normal	tissues	difficult	to	protect.	An	enhancement	of	virtual	simulation	is	3-dimensional	conformal	radiation	therapy	(3DCRT),	in	which	the	profile	of



each	radiation	beam	is	shaped	to	fit	the	profile	of	the	target	from	a	beam's	eye	view	(BEV)	using	a	multileaf	collimator	(MLC)	and	a	variable	number	of	beams.	When	the	treatment	volume	conforms	to	the	shape	of	the	tumor,	the	relative	toxicity	of	radiation	to	the	surrounding	normal	tissues	is	reduced,	allowing	a	higher	dose	of	radiation	to	be
delivered	to	the	tumor	than	conventional	techniques	would	allow.[10]	Varian	TrueBeam	Linear	Accelerator,	used	for	delivering	IMRT	Intensity-modulated	radiation	therapy	(IMRT)	is	an	advanced	type	of	high-precision	radiation	that	is	the	next	generation	of	3DCRT.[80]	IMRT	also	improves	the	ability	to	conform	the	treatment	volume	to	concave	tumor
shapes,[10]	for	example	when	the	tumor	is	wrapped	around	a	vulnerable	structure	such	as	the	spinal	cord	or	a	major	organ	or	blood	vessel.[81]	Computer-controlled	X-ray	accelerators	distribute	precise	radiation	doses	to	malignant	tumors	or	specific	areas	within	the	tumor.	The	pattern	of	radiation	delivery	is	determined	using	highly	tailored
computing	applications	to	perform	optimization	and	treatment	simulation	(Treatment	Planning).	The	radiation	dose	is	consistent	with	the	3-D	shape	of	the	tumor	by	controlling,	or	modulating,	the	radiation	beam's	intensity.	The	radiation	dose	intensity	is	elevated	near	the	gross	tumor	volume	while	radiation	among	the	neighboring	normal	tissues	is
decreased	or	avoided	completely.	This	results	in	better	tumor	targeting,	lessened	side	effects,	and	improved	treatment	outcomes	than	even	3DCRT.	3DCRT	is	still	used	extensively	for	many	body	sites	but	the	use	of	IMRT	is	growing	in	more	complicated	body	sites	such	as	CNS,	head	and	neck,	prostate,	breast,	and	lung.	Unfortunately,	IMRT	is	limited
by	its	need	for	additional	time	from	experienced	medical	personnel.	This	is	because	physicians	must	manually	delineate	the	tumors	one	CT	image	at	a	time	through	the	entire	disease	site	which	can	take	much	longer	than	3DCRT	preparation.	Then,	medical	physicists	and	dosimetrists	must	be	engaged	to	create	a	viable	treatment	plan.	Also,	the	IMRT
technology	has	only	been	used	commercially	since	the	late	1990s	even	at	the	most	advanced	cancer	centers,	so	radiation	oncologists	who	did	not	learn	it	as	part	of	their	residency	programs	must	find	additional	sources	of	education	before	implementing	IMRT.	Proof	of	improved	survival	benefit	from	either	of	these	two	techniques	over	conventional
radiation	therapy	(2DXRT)	is	growing	for	many	tumor	sites,	but	the	ability	to	reduce	toxicity	is	generally	accepted.	This	is	particularly	the	case	for	head	and	neck	cancers	in	a	series	of	pivotal	trials	performed	by	Professor	Christopher	Nutting	of	the	Royal	Marsden	Hospital.	Both	techniques	enable	dose	escalation,	potentially	increasing	usefulness.
There	has	been	some	concern,	particularly	with	IMRT,[82]	about	increased	exposure	of	normal	tissue	to	radiation	and	the	consequent	potential	for	secondary	malignancy.	Overconfidence	in	the	accuracy	of	imaging	may	increase	the	chance	of	missing	lesions	that	are	invisible	on	the	planning	scans	(and	therefore	not	included	in	the	treatment	plan)	or
that	move	between	or	during	a	treatment	(for	example,	due	to	respiration	or	inadequate	patient	immobilization).	New	techniques	are	being	developed	to	better	control	this	uncertainty	–	for	example,	real-time	imaging	combined	with	real-time	adjustment	of	the	therapeutic	beams.	This	new	technology	is	called	image-guided	radiation	therapy	or	four-
dimensional	radiation	therapy.	Another	technique	is	the	real-time	tracking	and	localization	of	one	or	more	small	implantable	electric	devices	implanted	inside	or	close	to	the	tumor.	There	are	various	types	of	medical	implantable	devices	that	are	used	for	this	purpose.	It	can	be	a	magnetic	transponder	which	senses	the	magnetic	field	generated	by
several	transmitting	coils,	and	then	transmits	the	measurements	back	to	the	positioning	system	to	determine	the	location.[83]	The	implantable	device	can	also	be	a	small	wireless	transmitter	sending	out	an	RF	signal	which	then	will	be	received	by	a	sensor	array	and	used	for	localization	and	real-time	tracking	of	the	tumor	position.[84][85]	A	well-
studied	issue	with	IMRT	is	the	"tongue	and	groove	effect"	which	results	in	unwanted	underdosing,	due	to	irradiating	through	extended	tongues	and	grooves	of	overlapping	MLC	(multileaf	collimator)	leaves.[86]	While	solutions	to	this	issue	have	been	developed,	which	either	reduce	the	TG	effect	to	negligible	amounts	or	remove	it	completely,	they
depend	upon	the	method	of	IMRT	being	used	and	some	of	them	carry	costs	of	their	own.[86]	Some	texts	distinguish	"tongue	and	groove	error"	from	"tongue	or	groove	error",	according	as	both	or	one	side	of	the	aperture	is	occluded.[87]	Volumetric	modulated	arc	therapy	(VMAT)	is	a	radiation	technique	introduced	in	2007[88]	which	can	achieve
highly	conformal	dose	distributions	on	target	volume	coverage	and	sparing	of	normal	tissues.	The	specificity	of	this	technique	is	to	modify	three	parameters	during	the	treatment.	VMAT	delivers	radiation	by	rotating	gantry	(usually	360°	rotating	fields	with	one	or	more	arcs),	changing	speed	and	shape	of	the	beam	with	a	multileaf	collimator	(MLC)
("sliding	window"	system	of	moving)	and	fluence	output	rate	(dose	rate)	of	the	medical	linear	accelerator.	VMAT	has	an	advantage	in	patient	treatment,	compared	with	conventional	static	field	intensity	modulated	radiotherapy	(IMRT),	of	reduced	radiation	delivery	times.[89][90]	Comparisons	between	VMAT	and	conventional	IMRT	for	their	sparing	of
healthy	tissues	and	Organs	at	Risk	(OAR)	depends	upon	the	cancer	type.	In	the	treatment	of	nasopharyngeal,	oropharyngeal	and	hypopharyngeal	carcinomas	VMAT	provides	equivalent	or	better	protection	of	the	organ	at	risk	(OAR).[88][89][90]	In	the	treatment	of	prostate	cancer	the	OAR	protection	result	is	mixed[88]	with	some	studies	favoring
VMAT,	others	favoring	IMRT.[91]	Temporally	feathered	radiation	therapy	(TFRT)	is	a	radiation	technique	introduced	in	2018[92]	which	aims	to	use	the	inherent	non-linearities	in	normal	tissue	repair	to	allow	for	sparing	of	these	tissues	without	affecting	the	dose	delivered	to	the	tumor.	The	application	of	this	technique,	which	has	yet	to	be	automated,
has	been	described	carefully	to	enhance	the	ability	of	departments	to	perform	it,	and	in	2021	it	was	reported	as	feasible	in	a	small	clinical	trial,[93]	though	its	efficacy	has	yet	to	be	formally	studied.	Automated	treatment	planning	has	become	an	integrated	part	of	radiotherapy	treatment	planning.	There	are	in	general	two	approaches	of	automated
planning.	1)	Knowledge	based	planning	where	the	treatment	planning	system	has	a	library	of	high	quality	plans,	from	which	it	can	predict	the	target	and	dose-volume	histogram	of	the	organ	at	risk.[94]	2)	The	other	approach	is	commonly	called	protocol	based	planning,	where	the	treatment	planning	system	tried	to	mimic	an	experienced	treatment
planner	and	through	an	iterative	process	evaluates	the	plan	quality	from	on	the	basis	of	the	protocol.[95][96][97][98]	Main	article:	Particle	therapy	In	particle	therapy	(proton	therapy	being	one	example),	energetic	ionizing	particles	(protons	or	carbon	ions)	are	directed	at	the	target	tumor.[99]	The	dose	increases	while	the	particle	penetrates	the
tissue,	up	to	a	maximum	(the	Bragg	peak)	that	occurs	near	the	end	of	the	particle's	range,	and	it	then	drops	to	(almost)	zero.	The	advantage	of	this	energy	deposition	profile	is	that	less	energy	is	deposited	into	the	healthy	tissue	surrounding	the	target	tissue.	Main	article:	Auger	therapy	Auger	therapy	(AT)	makes	use	of	a	very	high	dose[100]	of
ionizing	radiation	in	situ	that	provides	molecular	modifications	at	an	atomic	scale.	AT	differs	from	conventional	radiation	therapy	in	several	aspects;	it	neither	relies	upon	radioactive	nuclei	to	cause	cellular	radiation	damage	at	a	cellular	dimension,	nor	engages	multiple	external	pencil-beams	from	different	directions	to	zero-in	to	deliver	a	dose	to	the
targeted	area	with	reduced	dose	outside	the	targeted	tissue/organ	locations.	Instead,	the	in	situ	delivery	of	a	very	high	dose	at	the	molecular	level	using	AT	aims	for	in	situ	molecular	modifications	involving	molecular	breakages	and	molecular	re-arrangements	such	as	a	change	of	stacking	structures	as	well	as	cellular	metabolic	functions	related	to	the
said	molecule	structures.	In	many	types	of	external	beam	radiotherapy,	motion	can	negatively	impact	the	treatment	delivery	by	moving	target	tissue	out	of,	or	other	healthy	tissue	into,	the	intended	beam	path.	Some	form	of	patient	immobilisation	is	common,	to	prevent	the	large	movements	of	the	body	during	treatment,	however	this	cannot	prevent
all	motion,	for	example	as	a	result	of	breathing.	Several	techniques	have	been	developed	to	account	for	motion	like	this.[101][102]	Deep	inspiration	breath-hold	(DIBH)	is	commonly	used	for	breast	treatments	where	it	is	important	to	avoid	irradiating	the	heart.	In	DIBH	the	patient	holds	their	breath	after	breathing	in	to	provide	a	stable	position	for	the
treatment	beam	to	be	turned	on.	This	can	be	done	automatically	using	an	external	monitoring	system	such	as	a	spirometer	or	a	camera	and	markers.[103]	The	same	monitoring	techniques,	as	well	as	4DCT	imaging,	can	also	be	for	respiratory	gated	treatment,	where	the	patient	breathes	freely	and	the	beam	is	only	engaged	at	certain	points	in	the
breathing	cycle.[104]	Other	techniques	include	using	4DCT	imaging	to	plan	treatments	with	margins	that	account	for	motion,	and	active	movement	of	the	treatment	couch,	or	beam,	to	follow	motion.[105]	Contact	X-ray	brachytherapy	(also	called	"CXB",	"electronic	brachytherapy"	or	the	"Papillon	Technique")	is	a	type	of	radiation	therapy	using	low
energy	(50	kVp)	kilovoltage	X-rays	applied	directly	to	the	tumor	to	treat	rectal	cancer.	The	process	involves	endoscopic	examination	first	to	identify	the	tumor	in	the	rectum	and	then	inserting	treatment	applicator	on	the	tumor	through	the	anus	into	the	rectum	and	placing	it	against	the	cancerous	tissue.	Finally,	treatment	tube	is	inserted	into	the
applicator	to	deliver	high	doses	of	X-rays	(30Gy)	emitted	directly	onto	the	tumor	at	two	weekly	intervals	for	three	times	over	four	weeks	period.	It	is	typically	used	for	treating	early	rectal	cancer	in	patients	who	may	not	be	candidates	for	surgery.[106][107][108]	A	2015	NICE	review	found	the	main	side	effect	to	be	bleeding	that	occurred	in	about	38%
of	cases,	and	radiation-induced	ulcer	which	occurred	in	27%	of	cases.[106]	Main	article:	Brachytherapy	A	SAVI	brachytherapy	device	Brachytherapy	is	delivered	by	placing	radiation	source(s)	inside	or	next	to	the	area	requiring	treatment.	Brachytherapy	is	commonly	used	as	an	effective	treatment	for	cervical,[109]	prostate,[110]	breast,[111]	and	skin
cancer[112]	and	can	also	be	used	to	treat	tumors	in	many	other	body	sites.[113]	In	brachytherapy,	radiation	sources	are	precisely	placed	directly	at	the	site	of	the	cancerous	tumor.	This	means	that	the	irradiation	only	affects	a	very	localized	area	–	exposure	to	radiation	of	healthy	tissues	further	away	from	the	sources	is	reduced.	These	characteristics
of	brachytherapy	provide	advantages	over	external	beam	radiation	therapy	–	the	tumor	can	be	treated	with	very	high	doses	of	localized	radiation,	whilst	reducing	the	probability	of	unnecessary	damage	to	surrounding	healthy	tissues.[113][114]	A	course	of	brachytherapy	can	often	be	completed	in	less	time	than	other	radiation	therapy	techniques.	This
can	help	reduce	the	chance	of	surviving	cancer	cells	dividing	and	growing	in	the	intervals	between	each	radiation	therapy	dose.[114]	As	one	example	of	the	localized	nature	of	breast	brachytherapy,	the	SAVI	device	delivers	the	radiation	dose	through	multiple	catheters,	each	of	which	can	be	individually	controlled.	This	approach	decreases	the
exposure	of	healthy	tissue	and	resulting	side	effects,	compared	both	to	external	beam	radiation	therapy	and	older	methods	of	breast	brachytherapy.[115]	Main	article:	Radionuclide	therapy	Radionuclide	therapy	(also	known	as	systemic	radioisotope	therapy,	radiopharmaceutical	therapy,	or	molecular	radiotherapy),	is	a	form	of	targeted	therapy.
Targeting	can	be	due	to	the	chemical	properties	of	the	isotope	such	as	radioiodine	which	is	specifically	absorbed	by	the	thyroid	gland	a	thousandfold	better	than	other	bodily	organs.	Targeting	can	also	be	achieved	by	attaching	the	radioisotope	to	another	molecule	or	antibody	to	guide	it	to	the	target	tissue.	The	radioisotopes	are	delivered	through
infusion	(into	the	bloodstream)	or	ingestion.	Examples	are	the	infusion	of	metaiodobenzylguanidine	(MIBG)	to	treat	neuroblastoma,	of	oral	iodine-131	to	treat	thyroid	cancer	or	thyrotoxicosis,	and	of	hormone-bound	lutetium-177	and	yttrium-90	to	treat	neuroendocrine	tumors	(peptide	receptor	radionuclide	therapy).	Another	example	is	the	injection	of
radioactive	yttrium-90	or	holmium-166	microspheres	into	the	hepatic	artery	to	radioembolize	liver	tumors	or	liver	metastases.	These	microspheres	are	used	for	the	treatment	approach	known	as	selective	internal	radiation	therapy.	The	microspheres	are	approximately	30	μm	in	diameter	(about	one-third	of	a	human	hair)	and	are	delivered	directly	into
the	artery	supplying	blood	to	the	tumors.	These	treatments	begin	by	guiding	a	catheter	up	through	the	femoral	artery	in	the	leg,	navigating	to	the	desired	target	site	and	administering	treatment.	The	blood	feeding	the	tumor	will	carry	the	microspheres	directly	to	the	tumor	enabling	a	more	selective	approach	than	traditional	systemic	chemotherapy.
There	are	currently	three	different	kinds	of	microspheres:	SIR-Spheres,	TheraSphere	and	QuiremSpheres.	A	major	use	of	systemic	radioisotope	therapy	is	in	the	treatment	of	bone	metastasis	from	cancer.	The	radioisotopes	travel	selectively	to	areas	of	damaged	bone,	and	spare	normal	undamaged	bone.	Isotopes	commonly	used	in	the	treatment	of
bone	metastasis	are	radium-223,[116]	strontium-89	and	samarium	(153Sm)	lexidronam.[117]	In	2002,	the	United	States	Food	and	Drug	Administration	(FDA)	approved	ibritumomab	tiuxetan	(Zevalin),	which	is	an	anti-CD20	monoclonal	antibody	conjugated	to	yttrium-90.[118]	In	2003,	the	FDA	approved	the	tositumomab/iodine	(131I)	tositumomab
regimen	(Bexxar),	which	is	a	combination	of	an	iodine-131	labelled	and	an	unlabelled	anti-CD20	monoclonal	antibody.[119]	These	medications	were	the	first	agents	of	what	is	known	as	radioimmunotherapy,	and	they	were	approved	for	the	treatment	of	refractory	non-Hodgkin's	lymphoma.	Main	article:	Intraoperative	radiation	therapy	Intraoperative
radiation	therapy	(IORT)	is	applying	therapeutic	levels	of	radiation	to	a	target	area,	such	as	a	cancer	tumor,	while	the	area	is	exposed	during	surgery.[120]	The	rationale	for	IORT	is	to	deliver	a	high	dose	of	radiation	precisely	to	the	targeted	area	with	minimal	exposure	of	surrounding	tissues	which	are	displaced	or	shielded	during	the	IORT.
Conventional	radiation	techniques	such	as	external	beam	radiotherapy	(EBRT)	following	surgical	removal	of	the	tumor	have	several	drawbacks:	The	tumor	bed	where	the	highest	dose	should	be	applied	is	frequently	missed	due	to	the	complex	localization	of	the	wound	cavity	even	when	modern	radiotherapy	planning	is	used.	Additionally,	the	usual
delay	between	the	surgical	removal	of	the	tumor	and	EBRT	may	allow	a	repopulation	of	the	tumor	cells.	These	potentially	harmful	effects	can	be	avoided	by	delivering	the	radiation	more	precisely	to	the	targeted	tissues	leading	to	immediate	sterilization	of	residual	tumor	cells.	Another	aspect	is	that	wound	fluid	has	a	stimulating	effect	on	tumor	cells.
IORT	was	found	to	inhibit	the	stimulating	effects	of	wound	fluid.[121]	X-ray	treatment	of	tuberculosis	in	1910.	Before	the	1920s,	the	hazards	of	radiation	were	not	understood,	and	it	was	used	to	treat	a	wide	range	of	diseases.	Main	article:	History	of	radiation	therapy	Medicine	has	used	radiation	therapy	as	a	treatment	for	cancer	for	more	than	100
years,	with	its	earliest	roots	traced	from	the	discovery	of	X-rays	in	1895	by	Wilhelm	Röntgen.[122]	Emil	Grubbe	of	Chicago	was	possibly	the	first	American	physician	to	use	X-rays	to	treat	cancer,	beginning	in	1896.[123]	The	field	of	radiation	therapy	began	to	grow	in	the	early	1900s	largely	due	to	the	groundbreaking	work	of	Nobel	Prize–winning
scientist	Marie	Curie	(1867–1934),	who	discovered	the	radioactive	elements	polonium	and	radium	in	1898.	This	began	a	new	era	in	medical	treatment	and	research.[122]	Through	the	1920s	the	hazards	of	radiation	exposure	were	not	understood,	and	little	protection	was	used.	Radium	was	believed	to	have	wide	curative	powers	and	radiotherapy	was
applied	to	many	diseases.	Prior	to	World	War	2,	the	only	practical	sources	of	radiation	for	radiotherapy	were	radium,	its	"emanation",	radon	gas,	and	the	X-ray	tube.	External	beam	radiotherapy	(teletherapy)	began	at	the	turn	of	the	century	with	relatively	low	voltage	(


