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Introduction

Epidemiology
World-wide	 	 lung	 cancer	 is	 the	most	 common	 cause	 of	 cancer	 related-death	 (1/4-	
female,	1/3-	male);	the	global	incidence	is	still	increasing	each	year.	Only	in	males	in	
North	America	and	North-West	Europe	the	incidence	and	mortality	are	decreasing.	
In	females	its	 incidence	is	rising,	except	for	Great-Britain	and	Ireland.	In	the	most	
developed	 countries	 it	 has	 surpassed	 breast	 cancer	 as	 first	 cause	 of	 cancer-related	
death	(1-3).	In	the	Netherlands	6156	males	and	2706	females	died	in	2003	because	of	
lung	cancer.	One	year	after	the	diagnosis	only	40	%	of	all	patients	are	still	alive,	after	
two	years	25%	and	after	5	years	15%.	For	males	it	is	the	first	cause	of	cancer	death	in	
Holland,	for	females	the	second	after	breast	cancer	[www.ikc.nl].	These	data	indicate	
that	the	prognosis	of	 lung	cancer	 is	very	poor	and	urgently	needs	 improvement.	It	
is	estimated	that	in	85	%	of	males	and	in	46	%	of	females	the	disease	is	related	to	
the	use	of	tobacco	(1).	The	mean	age	at	diagnosis	is	around	66	years.	Therefore	lung	
cancer	is	often	found	in	elderly	patients	with	a	variety	of	co-morbidity	(1;3;4).
Lung	cancer	can	be	subdivided	in	two	main	pathological	subtypes:	Small	Cell	Lung	
Cancer	(SCLC)	and	Non	Small	Cell	Lung	Cancer	(NSCLC).	Both	categories	have	a	
different	clinical	behaviour.	Small	cell	lung	cancer	is	a	disease	which	leads	to	a	very	
early	dissemination	and	is	relatively	sensitive	to	chemotherapy	in	contrast	to	NSCLC.	
Therefore	treatment	modalities	are	different	for	small	cell	and	for	non	small	cell	lung	
cancer.	The	majority	(80%)	of	patients	has	Non	Small	Cell	Lung	Cancer	(NSCLC)	
and	75	%	of	them	has	advanced	disease	at	the	time	of	diagnosis	(5).

Diagnostic procedures and staging
According	 to	 the	 clinical	 extent	 and	 spreading	 of	 the	 disease	 non	 small	 cell	 lung	
cancer	can	be	divided	into	several	stages.	Different	stages	cluster	patients	according	
to	prognosis	and	treatment.	Generally	the	TNM-classification	from	2002	is	applied	
(6).	The	T-stage	stands	for	extent	of	the	primary	tumour,		the	N-stage	for	the	clinically	
affected	lymph	nodes	and	the	M-stage	for	the	presence	of	distant	metastases.	Patients	
with	stage	I	cancer	have	only	local	tumour	extension	in	the	lung,	in	stage	II		regional	
lymph	nodes	can	harbour	tumour.	Both	stage	I	and	II	can	be	treated	with	a	surgical	
resection.	In	stage	III	the	tumour	has	extended	into	the	mediastinal	structures	and	
patients	with	this	stage	cannot	be	cured	with	a	primary	resection.	These	patients	have	
locally	 advanced	 disease.	 If	 distant	metastases	 are	 present	 	 patients	 have	 stage	 IV	
disease	and	a	treatment	with	a	curative	intent	is	not	possible.	
Standard	 diagnostic	 procedures	 for	 staging	 include	 physical	 examination,	 long	
function	 tests,	 biochemical	 and	 haematological	 blood	 tests,	 contrast	 enhanced	
spiral	 (multi-slice)	CT-scan	of	the	thorax	and	upper	abdomen,	bronchoscopy		with	
histological	examination	and	mediastinoscopy	if	indicated.	Recently	a	PET	scan	has	
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become	part	of	the	diagnostic	procedure	for	NSCLC	stage	I-III,	in	patients	for	whom	
a	potentially	curative	treatment	might	be	an	option	(7).
Endo-oesophageal	echography	with	cytological	puncture	of	mediastinal	lymph	nodes	
has	replaced	the	mediastinoscopic	staging	partly.	Presence	of	distant	metastases	other	
than	 in	 the	 liver	 or	 in	 the	 supra-renal	 glands	 is	 only	 examined	 if	 suspicion	 exists	
according	to	the	results	of	routine	staging	procedures.	Especially	with	the	PET	scan	
data	more	patients	migrate	to	stage	IV	(9%-18%),	(8).
In	the	region	of	the	IKCA	(Netherlands,	North-Holland	and	Flevoland)	during	the	
period	1999-2001,	of	the	patients	with	NSCLC	18	%	had	stage	I	disease,	7	%	stage	
II,	35	%		stage	III	and	37%	stage	IV	disease.	The	5-yr	survival	for	locally	advanced	
disease	 is	approximately	15	%	for	stage	IIIA	and	5	%	for	stage	IIIB,	according	to	
Mountain	1986	(9).	In	the	region	of	the	IKCA	these	figures	are	9	%	for	stage	IIIA	
and	4	%	for	stage	IIIB	in	the	period	1989-2003.	The	3-	and	5	yr-relative	survival	rates	
have	not	changed	from	1988	until	2003,	despite	all	efforts	in	cancer	research.	Only	
in	 early	 stage	 (TNM)	 I	 and	 II	NSCLC	 improvement	was	 seen,	 3-yr	 survival	 rates	
for	stage	IA,	IB,	and	II	increased	from	66	%,	39%	and	29	%	to	86%,	54%	and	42	%	
respectively.	Visser	concludes	that	this	is	probably	related	to	better	staging	and	stage	
migration	(5).	The	same,	so	called	Will	Rogers,	phenomena,	but	less	impressive,	has	
been	observed	in	NSCLC	stage	IIIA	and	IIIB,	the	main	patient	population	of	this	
thesis.	Three	year	survival	increased	from	13	to	18	%	in	stage	IIIA	and	from	6	to	9	
%	in	stage	IIIB	from	1989-1991	to	1999-2001.	As	the	incidence	of	stage	IV	increased	
from	26	%	to	37	%	in	these	periods	it	 is	clear	that	the	general	survival	figures	are	
dominated	by	the	results	in	stage	IV	(	3-yr	s	2-3	%).		Compared	to	other	European	
countries	 in	 the	 IKA	 region	 5-year	 survival	 rates	 are	 amongst	 the	 highest,	 13	%,	
compared	to	15	%	in	the	SEER	database	of	the	USA	and	10	%	for	Europe	(3;5).

Treatment modalities
Surgery
Radical	resection	is	the	treatment	of	choice	for	patients	with	NSCLC,	early	disease,	
stage	 I-IIB.	 If	 patients	 are	 medically	 inoperable	 because	 of	 age,	 cardio-vascular	
evaluation	or	because	of	poor	lung	function	tests	radiotherapy	or	chemo-radiotherapy	
are	 the	 next	 treatment	 options	 (7).	 Phase	 II	 studies	with	 dose	 escalation	 using	 3-
dimensional	 conformal	 radiotherapy	 showed	 improved	 local	 control	 rates	 of	 at	
least	50	%	at	4-5	years	 (10-12).	Phase	II	 studies	with	 	4-dimensional	 	 stereo-tactic	
radiotherapy	report	excellent	local	control	rates	up	to	90	%	and	minimal	toxicity	(13-
17).	Follow-up	of	these	studies	is	still	 limited.	Being	aware	of	this	restriction,		this	
technique	 yet	 should	be	 considered	 in	patients	with	 early	disease	 stage	 IA	and	 IB	
lesions	up	to	5	cm	diameter	with	a	peripheral	localisation.
Treatment	of	early	disease	is	not	the	subject	of	this	thesis.
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In	locally	advanced	disease	stage	III,	surgery	adjuvant	to	chemotherapy	or	chemo-
radiotherapy	has	failed	so	far	to	improve	significantly	the	survival	(18-20).	It	is	possible	
that	adjuvant	surgery	for	subgroups	of	patients	can	offer	an	advantage	however	(18).

Radiotherapy
Dose
Perez	 et	 al	 found	 that	 higher	 radiation	doses	 given	 to	patients	with	NSCLC	were	
related	to	a	higher	chance	for	local	tumour	control	(21).	In	several	randomized	trials	
higher	doses	result	in	better	survival	in	a		palliative	setting	as	well	(22-24).
Several	other	authors	described	an	increased	possibility	for	loco-regional	control	at	
doses	>	50	Gy	(25-30)	(31;32).	
Escalation	 of	 the	 radiation	 dose	 >	 60	 Gy	 has	 been	 tested	 in	 clinical	 studies.	
Theoretically,	a	dose	of	>	84	Gy	is	necessary	to	obtain	a	chance	for	a	definite	local	
control	 in	small	 tumours	of	50	%	(33).	Using	3-dimensional	conformal	techniques	
escalation	doses	of	77.4	Gy-83.8	Gy	(depending	on	the	irradiated	volume)	are	feasible	
and	result	in	2-yr	local	control	rates	of	50-78%,		and	2-yr	survival	of	60-70%	in	these	
small	tumours	(RTOG	93-11)	(11).	Kong	et	al.	observe	a	2-yr	survival	of	37	%	and	
a	2-yr	local	control	rate	of	40%	in	patients	with	treatment	of	escalating	doses	>	63	
Gy/2.1	Gy.	If	the	dose	was	above	70	Gy	the	2-yr	survival	was	>	45%	(12).			
In	the	Netherland	Cancer	Institute	escalation	of	the	radiation	dose	to	74.3-81.0	Gy	
was	feasible	within	an	overall	treatment	time	of	6	weeks.	This	resulted	in	a	response	
rate	of	80%	(10;34).	

Fractionation
Hyper-fractionation	is	defined	as	the	use	of	a	fraction	size	less	than	180	cGy	given	
generally	 two	 or	 three	 times	 per	 day.	 The	 radiobiological	 background	 for	 hyper-
fractionation	 is	 based	 upon	 differences	 in	 occurrence	 of	 acute	 and	 late	 radiation	
damage.	This	damage	is	characterised	by	the	α/β	ratio	of	tissues.	Acutely	responding	
tissues	express	their	damage	within	a	period	of	days	to	weeks	after	irradiation.	The	
α/β	ratios	of	these	tissues	range	from	7-20	Gy.	Late	responding	tissues	express	their	
damage	months	 to	years	 after	 irradiation.	The	α/β	 ratio	of	 late	 responding	 tissues	
varies	from	0.5-6	Gy	(35).	Theoretically,	in	tissues	with	an	α/β	of	<	10	Gy	improved	
tolerance	 for	 late	 toxicity	 might	 be	 expected	 with	 the	 use	 of	 small	 fractions.	 As	
in	 locally	 advanced	 lung	 cancer	 limiting	 late	 toxicity	 is	 oesophageal,	 (α/β	 3-5	Gy)	
or	 pulmonary,	 α/β	 3-4	 Gy),	 hyper-fractionation	 could	 result	 in	 better	 treatment	
outcome	 because	 higher	 total	 doses	 can	 be	 applied	 and	 are	 better	 tolerated	 (35).	
Hyper-fractionation	with	moderate	increase	of	the	total	radiation	dose	did	not	result	
in	improved	treatment	outcome	however	(36-39).
Accelerated	fractionation	means	by	definition	shortening	the	overall	treatment	time	
by	giving	a	higher	dose	per	week	than	10	Gy	given	in	a	conventional	fractionation	
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scheme	of	2	Gy	per	day.	Often	more	fractions	per	day	are	administered.	Response	
of	normal	and	 tumour	 tissues	 to	 fractionated	radiotherapy	 is	 influenced	by	several	
biological	factors,	the	so-called	“four	R’s”.	Repair	is	defined	as	the	cellular	recovery	
during	the	few	hours	after	exposure.	Repopulation	concerns	the	proliferation	of	cells	
surviving	 radiotherapy	 during	 an	 extended	 course	 of	 treatment.	 Reduction	 of	 the	
overall	treatment	time	can	prevent	tumour	repopulation.	Re-oxygenation	means	the	
phenomena	that	reduction	of	the	number	of	cells	in	a	partially	necrotic	tumour	can	
result	in	an	improved	vascularisation	of	the	remaining	cells.	As	hypoxic	cells	are	less	
radiosensitive,	 this	process	can	 lead	 to	a	higher	 radio-sensitivity	during	 the	course	
of	radiation.	Redistribution	is	a	cell-cycle	progression	effect,	by	which	cells	can	pass	
in	a	more	radiosensitive	phase	of	the	cell	cycle	after	an	administered	fraction	dose.	
After	accelerated	fractionation	better	 results	can	be	expected	 in	 tumours	 in	which	
repopulation	plays	an	important	role.	Early	normal	tissue	reactions	are	expected	to	
occur	earlier	as	they	depend	mainly	upon	the	totally	administered	dose.	If	recovery	
from	sub-lethal	damage	between	fractions	is	complete	no	increase	in	late	reactions	
are	 to	be	 expected	 (compared	 to	 equivalent	 does	 given	 in	 fractions	of	 1.8-2.0Gy).	
Improved	survival	was	observed	in	the	CHART	trial,	where	accelerated	fractionation	
was	 given	 and	 	 the	 overall	 treatment	 time	 was	 reduced	 to	 12	 days(40).	Moderate	
reduction	of	the	OTT	did	not	result	in	significant	improvement	(36;39).	The	CHART	
trial	indicates	that	a	repopulation	plays	a	role	in	outcome	of	radiotherapy	in	NSCLC.	
Jeremic	pointed	out	that	in	his	studies	in	536	patients	an	inter-fraction	interval	<	5.5	
hours		is	an	independent	prognostic	factor	for	overall	survival	and	local-recurrence	
free	 survival,	which	 is	compatible	with	differences	 in	 time	 for	 repair	of	 sub-lethal	
damage	between	normal	 tissue	and	tumour	cells	and	repopulation	of	 tumour	cells	
(41).	 El	 Sharouni	 describes	 a	 mean	 tumour	 doubling	 time	 of	 46	 days	 after	 neo-
adjuvant	chemotherapy	as	compared	to	93-452	days	before	treatment,	in	patients	with	
NSCLC	 (42).	 This	 could	 be	 explained	 by	 accelerated	 repopulation	 after	 induction	
chemotherapy.	Prolonged	treatment	time	of	concurrent	chemo-radiation	in	NSCLC	
patients	was	correlated	with	poorer	survival	 in	the	study	of	Machtay,	also	pointing	
out	the	clinical	importance	of	repopulation	(43).
Finally	in	a	randomised	study	Belani		observes	an	increased	survival	in	patients	treated	
with	sequential	chemo-radiation	if	the	overall	treatment	time	of	the	radiotherapy	was	
reduced	from	5	weeks	to	2.5	weeks	by	hyper-fractionated	accelerated	fractionation,	
although	the	difference	was	not	statistically	significant	(44).	

Planning	Target	Volume	(PTV)
Historically,	the	PTV	encompassed	the	gross	tumour	volume	(GTV)	and	areas	with	
possible	 microscopic	 tumour	 involvement	 (elective	 nodal	 irradiation).	 In	 general	
the	 next	 non-pathologically	 enlarged	 lymph	 node	 station	was	 irradiated	 to	 a	 dose	
of	40-50	Gy.	This	resulted	often	in	very	large	PTV-s.	As	volume	is	a	dose-limiting	
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factor	for	toxicities,	methods	to	reduce	the	PTV	were	analyzed.	Several	publications	
demonstrate	 that	after	 introduction	of	 the	PET	scan	elective	nodal	 irradiation	can	
safely	be	left	out	and	that	delineation	of	the	GTV	by	means	of	PET-CT	scans	leads	
to	reduction	of	the	irradiated	volume	(45-49). If	the	tumour	changes	in	position	due	
to	 respiratory	movement,	 respiratory	 gated	 radiotherapy	might	 further	 reduce	 the	
margins	around	the	GTV	(13;50;51).	In	the	studies,	described	in	this	thesis,	the	large	
majority	of	the	patients	were	not	staged	by	the	PET-scan;	therefore	in	general	elective	
nodal	irradiation	has	been	given.	No	respiratory	gated	techniques	were	used.

Chemotherapy
Patients	with	non	small	cell	lung	cancer,	especially	patients	with	stage	IV	disease,	are	
frequently	 treated	with	cytostatic	drugs.	These	are	drugs	with	a	cell	killing	effect,	
mainly	active	upon	cells	 in	mitosis.	They	have	a	 systemic	activity,	 this	means	 that	
they	can	reach	the	primary	tumour	cells	but	also	tumour	cells	disseminated	in	lymph	
nodes	metastases	and	in	organs.	They	can	be	classified,	according	to	their	point	of	
action,	 as	 alkylating	 agents	 and	 platinum	 compounds,	 topo-isomerase	 inhibitors,	
anti-metabolites	and	anti-mitotic	drugs.	The	first	cytostatic	drugs	are	of	the	so-called	
first	generation	[1],	newer	drugs	are	of	the	second	[2]	and	more	recently	developed	
drugs	of	the	third	generation	[3].
Cisplatin.	
The	mode	of	action	consists	on	the	formation	of	intra-	and	inter-strand	cross	links	
between	 the	DNA	 strings	 and	 cisplatin,	 thus	 forming	DNA-adducts.	 This	 results	
in	single	and	double	strand-DNA	breaks.	It	is	active	in	the	S	phase	of	the	cell	cycle.	
Toxicity	 is	mainly	 renal,	 but	 can	 be	 prevented	 by	 pre-	 and	 post-treatment	 hyper-
hydration.
Carboplatin.	
This	is	another	platinum	compound,	with	a	comparable	mode	of	action,	it	 inhibits	
the	DNA-synthesis.	The	toxicity	is	haematological.
Etoposide	and	teniposide
These	 drugs	 are	 topo-isomerase	 II	 inhibitors.	 Topo-isomerase	 II	 has	 an	 activity	
in	 the	cleavage	of	 the	double	strand-DNA.	With	etoposide	or	 teniposide	 its	action	
is	disturbed	 and	 therefore	 the	normal	process	of	 cleavage	 is	prevented	 and	finally	
it	 results	 in	DNA	double	 strand	breaks	 of	 the	DNA-strings.	Etoposide	 is	 a	 semi-
synthetic	derivate	of	podofyllotoxine.	Point	 if	 action	 is	 the	mitose.	The	 toxicity	 is	
haematological.
Vinca-alcaloids.	
Vincristin	 [1],	 vinblastin,	 vindesin	 [2]	 and	 vinorelbine	 [3].	 The	 point	 of	 action	 is	
the	mitosis.	They	bind	on	 the	 tubulin,	 and	prevent	polymerisation	of	 the	 tubulin.	
Therefore	the	formation	of	microtubuli	from	the	tubulin	is	disturbed.	Microtubuli	
are	necessary	for	the	mitotic	action.	Thus	the	cell	is	arrested	in	mitosis	and	apoptosis	

C
hapter 1

13

Introduction



will	follow.	Main	toxicity	is	neurological	as	micro-tubuli	also	plays	a	role	in	transport	
of	molecules	in	the	axons.	Vincristin	is	very	neurotoxic	and	is	not	used	in	NSCLC.	
Vinblastin	and	Vinorelbin	are	less	neurotoxic,	but	more	myelotoxic.	Vinorelbin	and	
vindesine	are	frequently	used	in	NSCLC.	Vinorelbin	is	a	third	generation	drug.
Other	cytostatic	drugs	of	the	third	generation	used	in	NSCLC	are:
-Gemcitabin	
This	 is	 an	 anti-metabolite	 and	 interacts	 with	 the	 formation	 of	 the	 nucleosides.	
Mode	 of	 action	 is	 the	 inhibition	 of	 ribo-nucleotidase	 (which	 stimulates	 formation	
of	de-oxyribonucleoside-triphosphate).	Besides	it	is	competitive	with	cytidine	in	the	
formation	 of	 cellular	DNA	 and	 inhibits	 normal	DNA-synthesis.	 Its	 activity	 takes	
place	in	the	S-phase	of	the	cell	cycle.	Main	toxicity	is	myelotoxicity	and	pulmonary.
-Paclitaxel	and	docetaxel	
These	drugs	bind	to	the	tubulin	and	therefore	prevent	depolymerisation	of	the	micro-
tubuli.	
Therefore	the	cell	cannot	finish	the	normal	process	of	mitosis.		So	its	point	of	action	
is	 the	 end	 of	 the	 mitosis.	 Toxicity:	 myelotoxicity,	 hand-foot	 syndrome,	 neuropathy	
(52;53).	
In	 1995	 the	 Non-Small	 Cell	 Lung	 Cancer	 Cooperative	 Group	 published	 the	
results	 of	 meta-analyses	 in	 which	 cisplatin	 based	 combinations	 offered	 a	 better	
survival	 avantage	 than	single	agent	 treatment	 in	 stage	 IIIB/IV	disease	 (54;55)).	 In	
2004	Hotta	emphasized	in	a	meta-analysis	a	possible	reduction	in	risk	of	death	for	
cisplatin	based	combinations	compared	with	carboplatin-based	regimens	(55).	Pujol	
concluded	that	platinum-based	combinations	with	a	third	generation	drug	induced	a	
statistically	significant	reduction	in	the	risk	of	death	when	compared	with	platinum-
free	combinations	containing	at	least	one	third	generation	anti-cancer	drug.	Platinum	
combinations	 showed	 a	 increased	 risk	 of	 haematological	 and	 gastro-intestinal	
toxicity,	 without	 a	 significant	 increase	 of	 toxic	 death	 (56).	 Platinum	 combinations	
with	gemcitabin	provided	more	benefit	than	other	platinum	containing	regimens	in	
a	meta-analysis	of	Le	Chevalier	in	2005	(57).	In	Europe	gemcitabin	and	cisplatin	has	
become	a	common	doublet	combination	for	the	treatment	of	advanced	NSCLC.

Combined modality
Combination	of	radiotherapy	and	chemotherapy	is	useful	if	this	results	in	a	therapeutic	
gain.	This	means	that	a	combined	modality	regimen	results	in	an	improved	tumour	
response,	when	compared	to	each	treatment	modality	alone	with	an	acceptable,	less	
than	additive,	increase	in	toxicity.	If	both	modalities	are	independent,	a	therapeutic	
gain	may	be	present	in	terms	of	increased	total	cell	kill,	killing	sub-populations	resistant	
to	the	other	treatment	modality,	different	targets	(local	or	distant	disease),	reduced	
tumour	volume	with	 improved	oxygenation	in	case	of	neo-adjuvant	chemotherapy.	
In	NSCLC	patients	 the	 log10	 post-chemotherapy	GTV	was	predictive	 for	 survival	
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in	 patients	 treated	 with	 sequential	 chemo-radiation	 (58).	 If	 	 both	 modalities	 are	
interactive,	combined	modality	may	result	 in	enhanced	tumour	response	(35).	This	
may	 be	 due	 to	 inhibition	 of	 radiation	 damage	 repair,	 or	 selective	 cell	 killing	 in	 a	
radio-resistant	phase	of	the	cell	cycle	(late	G1	and	S).
Radiobiological	 data	 point	 out	 that	 best	 results	 are	 achieved	 if	 chemotherapy	 and	
radiation	are	given	in	close	sequence	(which	means	separated	by	days	in	pre-clinical	
or	by	weeks	 in	clinical	situation).	Theoretically	concurrent	chemo-radiation	should	
result	 in	 better	 tumour	 cell	 kill,	 but	 also	 in	 increased	 toxicity.	 Sequential	 chemo-
radiation	is	less	toxic,	but	might	be	less	effective.	Besides,	(accelerated)	repopulation	
after	chemotherapy	or	radiation	might	counterbalance	the	reduced	total	cell	kill	(35).
Interaction	between	chemotherapy	and	radiation	has	been	demonstrated	for	cisplatin,	
adriamycin,	bleiomycin,	gemcitabin,	taxanes	and	hydroxyurea.
Cisplatin	inhibits	repair	of	radiation	induced	single-strand	or	double-strand	breaks.	
In	vitro	an	enhanced	effect	of	cisplatin	and	radiation	has	been	demonstrated	 (59).	
Animal	data	showed	an	enhanced	effect	if	cisplatin	was	given	4	hours	to	30	minutes	
before	irradiation(60-62).	Both	homologous	recombination	and	non-homologous	end	
joining	are	affected	(63-65).	Enhanced	effects	are	also	demonstrated	for	combination	
of	 carboplatin	 and	 radiation	 in	 in	 vitro	 studies,	 although	 Skov	 decribes	 a	 better	
interaction	 for	 cisplatin	 than	 for	 other	 platinum	 compounds	 (66;67).	 Indication	
for	 enhancement	 of	 tumour	 cell	 apoptosis	 after	 combined	 treatment	 of	 platinum	
analogues	and	radiation	are	shown	in	vitro	(68).	Experiments	in	mice	indicated	that	
late	damage	of	normal	organs	was	less	enhanced		(69).
Gemcitabin	is	also	a	potent	radio-sensitizer	in	vitro	and	in	vivo,	also	in	a	NSCLC	cell	
line	(70-73).	Normal	tissue	reactions	are	also	increased;	as	gemcitabin	is	toxic	for	lung	
tissue	concurrent	administration	has	led	to	high	pulmonary	toxicity.	This	seems	to	
be	dependent	of	the	irradiated	volume	and	dose	of	gemcitabin	(74;75).	Low	dose	of	
gemcitabin	given	concurrently	with	radiotherapy	can	be	tolerated	(76;76;77;77;78).	If	
high	doses	are	given	an	interval	of	3-4	weeks	between	chemotherapy	and	radiation	
seems	safe	in	clinical	practice	(75;79).

Neo-adjuvant chemotherapy followed by radiation (sequential chemo-radiation)
Neo-adjuvant	chemotherapy	showed	an	improvement	of	median	survival	and	overall	
survival	 in	 several	 randomised	 studies	 (38;80;81).	 Interpretation	 of	 these	 studies	
suggested	that	this	effect	was	mainly	due	to	elimination	of	micro-metastases.	In	1995	
a	meta-analysis	showed	improved	survival	of	combined	platinum	containing	chemo-
radiation	compared	to	radiotherapy	alone	in	NSCLC	patients,	with	a	hazard	ratio	of	
0.87	and	a	gain	in	5	yr	survival	of	2%	(54).	The	majority	of	the	studies	in	this	meta-
analysis	concerned		neo-adjuvant	sequential	chemo-radiation.	
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Concurrent chemo-radiation
In	 2005	 a	 large	 meta-analysis	 confirmed	 the	 benefit	 of	 concurrent	 platinum-
containing	combined	modality	 treatment	wit	 a	HR	of	0.93,	 compared	 to	 radiation	
alone	(2	yr	survival	13-43%)	(82).	This	effect	was	independent	of	the	radiation	dose	
(>	50	Gy/2Gy),	only	valid	for	fractionation	of	1	x	per	day,	and	only	valid	for	standard	
doses	 of	 platinum-containing	 chemotherapy	 (cisplatin>150	 mg/m2, carboplatin	
> 700mg/m2).	 For	 low,	 sensitizing	 doses	 only	 trials	 using	 cisplatin	 were	 positive	
(Schaake:	 HR	 0.89,	 95%	 CI:0.81-0.99,	 Soresi:	 HR	 0.78,	 95%CI:0.59-1.03,	 Blanke:	
HR0.94,	95%CI:0.83-1.05)	(83-85).	For	2-yr	loco-regional	progression-free	survival	a	
HR	of	0.84	(CI	0.72-0.98)	was	found.	Another	trial	using	daily	cisplatin	which	is	not	
included	in	the	meta-analyses	also	demonstrated	an	increased	loco-regional	control	
and	survival	in	the	cisplatin-arm	(86).	In	patients	with	non-small	cell	lung	cancer	and	
in	 patients	with	 head	 and	 neck	 cancer,	 treated	with	 concurrent	 cisplatin-radiation	
a	 significant	 correlation	 has	 been	 observed	 between	 the	 survival	 and	 presence	 of	
DNA-adducts	in	the	cells	of	the	buccal	mucosa	(87;88).	
Aupérin	 published	 a	 more	 recent	 meta-analysis,	 based	 on	 individual	 patient	 data	
and	observed	a	HR	of	0.89	(0.81-0.98)	for	survival	 if	radiation	was	combined	with	
concurrent	cisplatin	(89).	Again	an	absolute	gain	in	5-yr	survival	was	seen	of	2.2%	(6-
8.2%)	in	favour	of	concurrent	platinum-based	chemo-radiation.	The	2-yr	survival	rates	
were	25.4-21.4	%.	The	effect	was	independent	of	the	radiotherapy	or	chemotherapy	
schedule.	Combination	of	two-drugs	was	better	than	a	one-drug	schedule,	but	this	
is	 only	 seen	 for	 combinations	of	 carboplatin	 and	 another	 drug.	A	better	 effect	 of	
combined	modality	was	seen	in	patients	>	60	yrs.
Four	 randomized	 trials	 have	 been	 published	 concerning	 sequential	 neo-adjuvant	
versus	 concurrent	 chemo-radiation.	 All	 four	 (three	 of	 them	 are	 analysed	 in	 the	
meta-analysis	of	Rowell	 et	 al.)	point	out	 that	 concurrent	 chemo-radiation	 is	better	
than	sequential	administration	HR	0.86	(0.78-0.95	P=.003),	but	at	the	cost	of	more	
toxicity,	mainly	oesophageal	(90-93).	Curran	used	cisplatin	with	vinblastin,	Fournel	
cisplatin	and	vinorelbin,	Zatloukal	cisplatin	and	vinorelbin,	Furuse	vindesin,	cisplatin	
and	mitomycin.	So	in	all	four	trials	cisplatin	was	used	in	combination	with	a	vinca-
alcaloid. 
In	an	overview	Vokes	suggests	that	concomitant	chemo-radiation	with		full	dose	of	
chemotherapy	might	be	too	toxic	for	selected	patient	groups,	especially	elderly	patients	
who	often	 present	with	 a	 variety	 of	 co-morbidity	 (94).	 In	 disseminated,	 advanced	
disease	combination	of		a	platinum-agent	with	another	drug	is	more	effective	than	
single	agent	chemotherapy	or	combinations	without	a	platinum-analogue	for	survival	
without	inducing	an	unacceptable	risk	of	increased	toxicity	(56).	
Combination	 of	 a	 platinum-analogue	with	 gemcitabin	was	 superior	 to	 combination	 of	
platinum	with	another	drug	 for	progression-free	survival	 (HR	0.88,	95%	CI:0.82-0.93),		
for	overall	survival	this	was	significant	for	platinum	combination	with	second	generation	
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drugs	(HR	0.84,	95%	CI:0.76-0.94),	but	only	a	trend	was	seen	for	third-generation	drugs	
combined	with	a	platinum-analogue	(HR	0.93,	95%	CI:0.86-1.01)	(57).
In	 conclusion	 in	 combined	 modality	 with	 concurrent	 application	 a	 two-drug	
combination	is	used	of	a	platinum-analogue	with	a	second	or	third-generation	drug.
In	NSCLC	stage	IIIA	a	combination	of	gemcitabin	and	cisplatin	in	3	cycles	has	been	
tested	 in	EORTC	phase	 II	 study	08955	 (79).	The	 response	 rate	 (RR)	was	70.2	%,	
only	2/38	patients	(5%)	had	progressive	disease.		A	randomised	phase	II	study	which	
analysed	neo-adjuvant	chemotherapy	with	either	gemcitabin,	paclitaxel	or	vinorelbin	
combined	with	cisplatin	prior	 to	concurrent	chemo-radiation	with	 the	 same	drugs	
showed	a	trend	towards	a	better	survival	for	gemcitabin	(CALBG	9431),	(78).	

Neo-adjuvant chemotherapy followed by concurrent chemo-radiation. 
Theoretically	 it	 combines	 an	 optimal	 possibility	 to	 eradicate	 micro-metastases	 by	
systemic	treatment,	tumour-reduction	before	start	of	radiotherapy	and	enhancement	
of	chemotherapy	during	RT.	However,	the	study	of	Vokes	did	not	show	an	advantage	
of	 the	 addition	 of	 neo-adjuvant	 chemotherapy	 prior	 to	 chemo-radiation	 (CALGB	
39-801)(94).		

Concomitant chemo-radiation followed by consolidation chemotherapy
Two	phase	II	trials	studied	the	efficacy	of	addition	of	consolidation	chemotherapy	to	
concurrent	chemo-radiation.	Gandara	added	Docetaxel	after	chemo-radiation	with	
cisplatin-etoposide;	3-yr	survival	was	about	40%	(SWOG	9504)	(95).	In	the	LAMP	
trial	concurrent	chemo-radiation	plus	consolidation	chemotherapy	(carbo/paclitaxel)	
was	superior	to	neo-adjuvant	sequential	chemo-radiation	or	to	neo-adjuvant	sequential	
plus	concurrent	chemo-radiation	(44).

All	the	above	mentioned	data	have	led	to	the	following	conclusions.
1.	 Combined	modality	improves	treatment	outcome	compared	to	radiotherapy	alone,	
independent	of	the	radiation	dose.

2.	 Concurrent	 chemo-radiation	 is	 better	 than	 sequential	 neo-adjuvant	 chemo-
radiation	in	terms	of	survival	and	disease-free	survival.

3.	 If	standard	doses	of	chemotherapy	are	used,	platinum	should	be	combined	with	a	
chemotherapeutic drug of the 3rd	generation,	of	which	gemcitabin	possibly	offers	
the	best	results.

4.	 If	low	dose	chemotherapy	is	used	daily	or	weekly,	cisplatin	only	is	effective.
5.	 It	is	not	proven	that	daily	or	weekly	cisplatin	is	inferior	to		poly-chemotherapy	in	
standard	dose	concurrent	with	a	high	dose	of	radiotherapy	(66Gy).

6.	 Neo-adjuvant	 chemotherapy	 given	 before	 concurrent	 chemo-radiation	 with	
standard	doses	of	poly-chemotherapy	does	not	improve	survival.
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7.	 Adjuvant	 chemotherapy	 given	 after	 concurrent	 chemo-radiation	 with	 standard	
dose of poly-chemotherapy might improve survival.

Patient related prognostic factors.
In	the	literature	the	following	factors	are	described	showing	a	correlation	with	the	
prognosis	of	the	disease:	age,	sex,	TNM	stage,	tumour	volume,	performance	score,	
baseline	haemoglobin	level,	weight	loss	(96-98).

TNM-stage
In	 1997	Mountain	 published	 an	 analysis	 of	 	 5200	 patients	with	NSCLC	 in	whom	
the	anatomical	tumour	extent	showed	a	correlation	with	prognosis	(99).	According	
to	 this	analysis	 the	TNM	stage	system	was	revised	 in	1997.	 In	2006	Kramer	et	al.	
concluded	that	staging	by	a	PET	scan	shows	a	better	correlation	with	prognosis	than	
other	clinical	staging	procedures	in	266	cases,	thus	confirming	outcomes	of	previous	
smaller	studies	(100).
Tumour	size	>	6	cm	was	an	independant	factor	for	a	poor	prognosis	in	the	study	of	
Wigren	(101).	In	the	study	of	Martell	1997	the	prognostic	influence	of	tumour	volume	
(>	200cm3)	disappears	after	multi-variate	analysis	however	(102).	

Age 
In	2000	Werner-Wasik	analysed	the	data	from	1999	patients	with	stage	II	or	III	treated	
in	RTOG-studies.	She	concluded	that	age	<	70	yrs	was	a	favourable	prognostic	factor	
(103).	However,	afterwards	a	study	of	RTOG	94-10,		in	which	patients	with	stage	III	
were	treated	with	combined	modality,	showed	an	improved	survival	for	patients	>70	
yrs	(104).	Socinski	analysed	the	CALGB	data	in	2004	of	694	patients	with	stage	III.	
He	does	not	observe	an	 independant	correlation	between	age	and	prognosis	 (105).	
In	a	meta-analysis	of	1764	patients	Aupérin	describes	a	better	survival	for	patients	
with	stage	III,	older	than	61	yrs	if	concurrent	chemo-radiation	is	given	(89).	Wigren,	
analyzing	502	patients	with	stage	I-III	treated	with	radiotherapy	did	not	find	a	relation	
of	prognosis	with	age	(101).	Jeremic	analysed	prognostic	factors	in	536	patients	treated	
with	radiotherapy	or	chemo-radiation	and	did	not	observe	an	influence	of	age	(41).	So	
in	conclusion	data	about	age	as	a	prognostic	factor	are	conflicting.	Age	as	such	is	not	
a	reason	to	withhold	combined	modality	treatment	to	patients	with	NSCLC	stage	III.	
Co-morbidity	always	has	to	be	taken	into	account.

Performance score 
This	is	an	independent	prognostic	feature	in	all	stages	and	for	all	treatment	modalities.	
For	radical	radiotherapy	or	chemo-radiation	a	Karnofski	performance	score	of	at	least	
70	%	is	generally	wanted.	KPS>	70	is	an	independent	favourable	prognostic	factor	in	
the	analysis	of	Jeremic	(41).	In	patients	with	disease	stage	III	receiving	radiotherapy	or	
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chemo-radiation	several	authors	describe	the	performance	score	being	an	independent	
parameter	 for	 prognosis	 (91;101;103;105).	 However,	 Aupérin	 does	 not	 observe	 a	
correlation	between	performance	status	and	treatment	outcome	(89).	

Sex
In	 the	 SEER	 database	 (any	 histology)	 female	 gender	 was	 a	 favourable	 prognostic	
factor.	 This	 was	 also	 seen	 in	 patients	 treated	with	 advanced	 disease,	 treated	with	
chemotherapy,	of	the	European	Lung	Cancer	Working	Party,	in	a	very	large	Polish	
study,	in		the	MSK	series,	in	the	analysis	of	the	SWOG	database	and	in	the	analysis	
of	 the	ECOG	1594	 trial	 (89;96;106-109). 	 In	patients	 treated	with	 radiotherapy	or	
chemo-radiation	this	is	confirmed	by	Werner-Wasik,	Jeremic	and	Fournel,	but	not	by	
Socinski	or	Aupérin	(41;89;91;103;105).			

Weight loss
Weight	loss	was	described	as	an	important	poor	prognostic	factor	in	1980	by	Stanley	
in	 an	 analysis	 of	 5000	 patients	 (98).	 In	 1997	 Scott	 describes	 that	 a	 dose-response	
relation	is	seen	for	patients	treated	with	radiotherapy	presenting	with	minimal	weight	
loss	(110).	Jeremic	observes	a	poorer	survival	in	patients	presenting	with	weight	loss	
>	5%	 (41).	 In	other	 recent	 analyses	 no	 significant	 influence	of	weight	 loss	 is	 seen	
(89;103;105;111).

Baseline haemoglobin level
A	normal	baseline	haemoglobin	level	is	recognized	as	a	favourable	prognostic	factor	
for	patients	 treated	with	 radiotherapy	or	 chemo-radiation	by	Wigren	 and	Socinski	
(101;105).	In	the	uni-variate	analysis	of	the	RTOG	database	it	is	a	prognostic	factor,	
but	apparently	its	influence	disappears	after	further	analysis	(103).	For	more	advanced	
disease	several	authors	describe	a	significant	correlation	(106;112).	

Outline of this thesis

In	this	thesis	five	studies	are	described	concerning	the	development	of	an	improved	
chemo-radiation	treatment	strategy	in	patients	with	locally	advanced	non-small	cell	
lung	cancer.
Starting	 point	was	 the	 result	 of	EORTC	 study	 08844.	 In	 this	 study	 improvement	
of	 outcome	 was	 seen	 if	 radiotherapy	 was	 combined	 with	 either	 daily	 or	 weekly	
cisplatin.	The	best	results	were	seen	if	radiotherapy	was	combined	with	daily	low	dose	
cisplatin	6	mg/m2.	This	combination	resulted	 in	an	 improved	 local	control	and	so	
in	an	improved	survival	in	patients	with	locally	advanced	non-small	cell	lung	cancer	
without	distant	metastases.	The	2-	and	3-year	overall	 survival	 in	 the	best	arm	was	
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25	 and	 16	%	 respectively,	 the	 local	 recurrence-free	 interval	 at	 2	 years	 55%.	Only	
an	 increase	of	 severe	 gastro-intestinal	 toxicity,	 attributable	 to	 the	 general	 effect	of	
cisplatin	was	observed.	The	effect	was	explained	as	a	radio-sensitization,	possibly	due	
to	an	decreased	repair	of	sub-lethal	damage	in	tumour	cells.
Criticisms	to	this	study	were	the	applied	radiation	dose	of	55Gray	(Gy),	which	was	
relatively	low,	and	the	long	overall	treatment	time	of	7	weeks,	which	was	the	accepted	
way	of	treatment	when	the	study	was	designed.	Thus	studies	were	initiated	to	increase	
the	radiation	dose	as	well	as	to	reduce	the	overall	treatment	time.	
In	chapter	two	the	feasibility	of	reduction	of	the	overall	treatment	time	and	increase	
of	 the	 radiation	 dose	 in	 radiotherapy	 for	 inoperable	 or	 irresectable	 non-small	 cell	
lung	 cancer	 is	 analysed.	 In	 chapter	 three	 reduction	 of	 the	 overall	 treatment	 time	
in	a	chemo-radiation	schedule	 is	studied.	In	chapter	four	result	of	further	 increase	
of	 the	 dose	 of	 radiotherapy	 and	 chemotherapy	 is	 described.	 Chapter	 five	 reports	
the	outcome	of	a	 randomised	EORTC	phase	III	 trial	comparing	sequential	versus	
concurrent	chemo-radiation	in	locally	advanced	non-small	cell	lung	cancer.	Finally	in	
chapter	six	a	retrospective	analysis	of	treatment	outcome	in	patients	with	inoperable	
or	 irresectable	 non-small	 cell	 lung	 cancer	 in	 our	 department	 from	 1995-2004	 is	
presented.	 This	 chapter	 studies	 the	 implementation	 of	 the	 treatment	 modalities	
studied	in	the	EORTC	trials	described	in	chapter	four	and	five.
In	chapter	seven	the	most	important	data	are	discussed.
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Feasibility of curative radiotherapy with a 
concomitant boost technique in 33 patients 
with non-small cell lung cancer (NSCLC)



Abstract

Thirty-three	 patients	 with	 an	 inoperable	 NSCLC	 were	 treated	 with	 a	 dose	 of	 60	
Gy/20	fractions/25	days,	using	a	concomitant	boost	technique.	A	dose	of	40	Gy/2	
Gy/25	days	was	given	 to	 the	 tumor	 area	 and	a	part	 (15	patients)	or	 the	whole	 (18	
patients)	mediastinum.	During	 each	 session	 a	 simultaneous	boost	 to	 the	 tumor	of	
1	Gy	was	administered.	Moderate	acute	oesophageal	 toxicity	was	observed	 in	7/33	
patients	 (22%).	One	out	of	33	patients	developed	serious	 late	oesophageal	 toxicity.	
A	 correlation	 between	 the	 oesophageal	 toxicity,	 absorbed	 oesophageal	 dose	 of	
irradiation	 and	 length	 of	 the	 elective	 field	 was	 observed.	 Five	 out	 of	 33	 patients	
developed	 subacute	 radiation	 pneumonitis	 grade	 2	 or	 3.	 In	 selected	 patients	 with	
inoperable	NSCLC	radiotherapy,	with	a	dose	of	60	Gy/20	fractions/25	days,	using	a	
concomitant	technique	is	feasible.

Key	words:	Lung	cancer;	Concomitant	boost;	Acute	lung	toxicity;	Late	lung	toxicity;	
Oesophageal	toxicity
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1. Introduction

The	prognosis	of	inoperable	non-small	cell	lung	cancer	is	poor	and	has	not	changed	
substantially	during	the	past	30	years.	In	the	favourable	group	of	patients	with	early	
disease	 (T1-T2,	 N0-N1)	 considered	 inoperable	 for	 medical	 reasons,	 radiotherapy	
achieves	a	5-year	survival	rate	of	about	20%	[10,15,22,27].	The	corresponding	local	
control	rate	is	30-40%	[2,10,15].	The	5-year	survival	rate	in	cases	of	locally	advanced	
disease	(T3-T4,	N2-N3)	is	between	5	and	10%	and	the	local	control	rate	varies	from	
10	to	60%	[16,18].	Probably	the	local	control	rate	in	this	last	group	of	patients	would	
be	 lower	 if	 the	patients	 do	not	die	 from	distant	metastases	 before	having	 time	 to	
develop a local relapse.
Several	 factors	 such	 as	 administered	 total	 dose,	 overall	 treatment	 time,	 fraction	
size	and	 interval	can	 influence	 local	control	 rate	and	survival.	 In	general,	by	using	
conventional	fractionation,	the	maximum	tumor	dose	varies	between	60	and	65	Gy	
in	6-7	weeks.	Higher	tumor	doses	seem	to	improve	overall	survival	and	local	tumor	
control	 rate	 only	 in	 small	 tumors	 [7,11,18].	 Hyperfractionation	 with	 a	 high	 total	
dose	was	 tested	 in	a	prospective	phase	II	study	 [4].	A	phase	III	 randomized	study	
comparing	 conventional	 fractionation	 to	 hyperfractionation	 is	 on	 going.	 Recently	
published	 results	 from	 a	 randomized	 study	 in	 oropharynx	 carcinoma	 have	 shown	
better	local	control	rate	and	survival	with	hyperfractionation	than	with	a	conventional	
schedule	[12].
By	using	this	hyperfractionated	radiation	regimes	the	overall	time	did	not	differ	from	
that	used	in	conventional	fractionation.	Because	tumor	repopulation	during	radiation	
treatment	 is	 considered	 to	 be	 an	 important	 factor	 for	 tumor	 control,	 treatment	
schedules	are	now	been	tested	in	order	to	reduce	the	overall	time	as	much	as	possible.	
Accelerated	radiotherapy,	by	using	multiple	fractions/day	and	eventually	not	stopping	
treatment	during	the	weekends,	allows	administration	of	a	relatively	high	radiation	
dose	to	the	tumor	in	a	short	overall	time	[11,17].	In	a	pilot	study,	including	patients	
with	 advanced	 lung	cancer,	 local	 tumor	control	 and	overall	 survival	 seemed	 to	be	
better	 for	 accelerated	 fractionation	 as	 compared	 to	 a	 historical	 control	 group	 of	
patients	 treated	with	 conventional	 fractionation.	 A	 randomized	 study	 is	 on	 going	
under	the	auspices	of	the	MRC.	Because	acute	reactions	in	normal	tissues	are	severe	
with	accelerated	fractionation	the	possible	gain	in	overall	time	is	contrapart	by	the	
necessity	of	reducing	the	total	tumor	dose.
In	1988	Emami	reported	the	results	of	a	phase	I—II	study	using	a	rapid	fractionation	
scheme	 in	which	a	 tumor	dose	of	75	Gy/28	fractions/5.5	weeks	and	a	dose	 to	 the	
node	 bearing	 areas	 of	 50.4	 Gy/28	 fraction/5.5	 weeks	 was	 given	 by	 means	 of	 a	
concomitant	boost	scheme	[5,8].	In	the	present	pilot	study	a	similar	technique	was	
used.	The	overall	treatment	time	was	reduced	to	25	days,	20	fractions	were	given,	the	
tumor	dose	was	60	Gy,	and	the	electively	treated	lymph	node	stations	received	40	Gy.	
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Objectives	of	the	study	were	to	assess	toxicity	and	tumor	response	as	well	as	to	gain	
insight	into	long-term	survival.

2. Material and methods

2.1.  Selection criteria
Between	April	1989	and	April	1991	34	patients	with	a	non-small	cell	lung	cancer	were	
entered	in	the	study.	All	patients	were	staged	by	physical	examination,	hematological	
and	 biochemical	 liver	 tests,	 bronchoscopy,	 lung	 function	 tests	 including	 VC	 and	
FEV1	as	minimal	requirement,	chest	X-ray	standard	films	and	CT-scan	of	the	thorax.	
Liver	ultrasound,	bone	scan	and	CT-scan	of	the	brain	were	performed	if	suspected	of	
distant	metastases.
Eligibility	criteria	for	entering	this	study	were:	 inoperable	non-small	cell	 lung	cancer	
histologically/cytologically	confirmed,	no	age	limit,	Karnofsky	score	above	60,	T1-T4,	
N0-N3	 (UICC	1987)	 and	weight	 loss	 less	 than	15%	during	 the	past	 3	months.	The	
lung	function	test	should	allow	high	dose	radiotherapy.	If	the	FEV1	was	under	1	L	the	
treatment	volume	which	was	to	be	irradiated	to	a	high	dose	had	to	show	an	afunctional	
lung	 parenchyma	 on	 the	 ventilation/perfusion	 xenon-scan.	 One	 patient	 did	 not	
complete	the	treatment	according	to	the	protocol	for	reasons	which	were	not	disease-	
or	treatment-related.	Thus	33	patients	were	evaluated	for	toxicity	and	survival.

2.2.  Acute/late toxicity
Patients	were	followed	once	a	week	during	treatment	and	for	every	2	or	3	months	in	
the	first	and	second	year	after	 treatment,	 respectively.	Acute	and	 late	 toxicity	were	
registered	according	to	the	RTOG/EORTC	morbidity	scoring	schema.	Acute	toxicity	
included	all	reactions	taking	place	from	day	1,	the	commencement	of	radiotherapy,	
through	day	90.	For	the	evaluation	of	lung	damage	and	local	tumor	response,	apart	
from	symptoms	as	dyspnea	and	cough,	chest	X-rays	and	CT-scan	were	performed	6	
and	12	months	after	the	end	of	radiotherapy.	If	possible,	pulmonary	function	test	was	
repeated	at	6	and	12	months	after	start	of	treatment.	Local	control	was	defined	as	a	
condition	in	which	no	clinical	signs	of	a	local	tumor	recurrence	were	present	and	in	
which a decrease of >50%	in	the	product	of	the	two	largest	perpendicular	diameter	of	
radiologically	measurable	disease	was	documented.	Due	to	the	appearance	of	fibrotic	
changes	in	the	irradiated	area,	complete	disappearance	of	all	objective	tumors	on	the	
chest	X-ray	was	often	 impossible	 to	evaluate.	Persistent	radiographic	abnormalities	
consisting	of	patchy	and	dense	radiographic	appearances	and	lung	retraction	which	
were	stable	after	12	months	were	attributed	to	benign	changes	of	the	lung	tissue	due	
to	the	irradiation.
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2.3.  Patient/tumor characteristics
There	were	5	female	and	28	male	patients.	The	age	varied	between	42	and	84	years,	
mean	68	years.	Twenty-six	patients	presented	with	a	performance	(Karnofsky	scale)	
of	80-100	and	7	with	a	performance	of	70.	Weight	loss	of	more	than	5%	was	registered	
in	4	patients.
The	VC	varied	between	4.4	and	1.1	L	mean	3.5	L	FEV1	values	varied	between	3.3	and	
0.9	L	mean	2	L.
The	 tumor	 stage	 according	 to	 the	 UICC	 1987	 classification	 and	 tumor	 location	
are	 shown	 in	Table	 1.	Histological	 confirmation	of	 the	 diagnosis	was	 obtained	by	
bronchoscopically	taken	biopsies	or	washings	in	31	patients.	In	two	patients	cytology	
was	 compatible	with	malignancy	 and	 the	 chest	X-rays	films	 showed	 a	progressing	
tumor.	 There	 were	 21	 squamous	 cell	 carcinoma,	 5	 adenocarcinoma,	 1	 large	 cell	
undifferentiated	 carcinoma	 and	 4	 non-small	 cell	 carcinomas	 without	 further	
specification.
Reasons	for	inoperability	were	advanced	stage	in	22	patients	(13	III	A	and	9	IIIB)	and	
medical	contraindications	for	surgery	in	11	patients.

2.4.  Treatment
All	 patients	 were	 treated	 with	 mega	 voltage	 photons	 5-10	 MV	 energy.	 Radiation	
fields	were	defined	at	 the	simulator	with	 the	patient	 in	a	 supine	position	and	with	
the	arms	elevated.	The	primary	site	plus	elective	treatment	volume	encompassed	the	
primary	tumor,	the	ipsilateral	hilar	region	and	only	a	part	of	the	mediastinum	in	15	
patients.	The	other	18	patients	received	irradiation	on	the	whole	mediastinum	plus	
the	primary	site.	To	this	target	volume,	a	dose	of	40	Gy,	2	Gy/fraction,	5	fractions/
week	was	given.	The	overall	time	was	25	days.	In	general,	two	opposite	AP-PA	fields	
were	 used.	The	 reference	 dose	was	 calculated	 on	 the	midline	 taking	 into	 account	

Table 1	Patients	characteristics
Median	age	(years) 68
TNM	stage	
T1/T2	N0/N1	 11
T3	N0/N1 4	
T4N0 6
T2	N2 6
T3N2 3
T4N2 2
T4N3 1

Tumor	localisation	
Upper	lobe 27
Lower	lobe 3
Combination 3
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lung	correction.	If	necessary,	a	compensating	wedge	filter	was	used	for	variations	in	
thickness	through	the	length	of	the	anterior	field.	Customed	cerrobend	blocks	were	
introduced	 in	 the	 beams	 to	 preserve	 lung	 areas	 not	 involved	by	 tumor.	 In	 all	 the	
patients	CT-scan	assisted	planning	dosimetry	was	performed.	The	mean	width	of	the	
primary	plus	elective	 treatment	volume	was	14	cm	(range	10-19	cm)	and	the	mean	
length	16	cm	(range	9-21	cm).
The	 treatment	 volume	 of	 the	 boost	 encompassed	 the	 known	 tumor	 volume	with	
a	margin	 of	 normal	 lung	 tissue	 of	 at	 least	 1.5	 cm.	 In	 7	 patients	 only	 the	 primary	
tumor	was	boosted,	the	primary	tumor	and	the	ipsilateral	hilar	region	was	boosted	
in	12	patients	 and	 in	 the	other	14	patients	 the	primary,	 the	 ipsilateral	hilar	 region	
and	 the	 involved	part	of	 the	mediastinum	were	 included	 into	 the	boost	 treatment	
volume.	 This	 part	 of	 the	 treatment	was	 given	 by	 using	 a	multiple	 field	 technique	
with	lung	correction.	The	dose	in	the	boost	volume	was	specified	at	the	95%	isodose	
line	encompassing	the	involved	areas.	The	daily	dose	to	the	booster	field	was	1.0	Gy	
given	immediately	after	the	treatment	of	the	primary/elective	field,	during	the	same	
treatment	session.	Therefore,	a	daily	 tumor	dose	of	3	Gy	was	given	 in	the	booster	
field	up	 to	a	 total	dose	of	60	Gy,	given	 in	20	 fractions	during	25	days.	The	mean	
length	of	the	booster	field	was	9.5	cm	(range	7-16	cm).
The	spinal	cord	was	excluded	from	the	boost	fields,	with	the	exception	of	two	patients	
where	the	spinal	cord	received	a	dose	of	25%	and	40%	of	the	booster	dose,	which	
means	45	Gy,	2.25	Gy/fraction	and	48	Gy,	2.4	Gy/fraction	in	25	days	(is	biological	
equivalent	to,	respectively	48	Gy	and	53	Gy,	2	Gy/fraction	assuming	an	a/b	of	2	Gy	
for	 the	 spinal	 cord).	The	absorbed	dose	 in	 the	esophagus	varied	 from	40	Gy	 in	8	
patients	to	45-54	Gy	in	13	patients	and	60	Gy	in	10	patients.

3. Results

The	mean	weight	loss	was	2.4	kg	(range	2-5	kg).	Nausea/vomiting	and	hematological	
toxicity	were	never	above	score	1	of	the	RTOG/EORTC	scoring	system.	The	most	
frequent	observed	acute	toxicity	was	esophagitis,	29	of	the	patients	(88%)	complaining	
of	different	grades	of	dysphagia.	Twenty-two	patients	exhibited	grade	1,	and	7	patients	
exhibited	grade	2	esophagitis.	Patients	with	esophageal	toxicity	grade	2	had	a	higher	
mean	absorbed	dose	 in	 the	esophagus	 (57	Gy	 together	 from	primary/elective	plus	
boost	fields)	than	patients	exhibiting	toxicity	grades	0-1	(48.5	Gy).	The	mean	length	of	
the	primary/elective	field	was	larger	in	patients	with	grade	2	oesophageal	toxicity	(18	
cm)	than	in	patients	with	lower	scores	(16.5	cm).	The	length	of	the	booster	field	did	
not	seem	to	influence	the	esophageal	toxicity.	Moderate	esophageal	toxicity	requiring	
liquid	diet	was	observed	in	7	of	33	patients	(21%).	In	five	of	these	patients	complaints	
disappeared	within	6	weeks	after	the	end	of	treatment	and	the	normal	food	passage	

32



was	completely	restored.	In	one	patient	the	esophagitis	healed	after	10	weeks	(60	Gy	
esophageal	dose,	17	cm	length	elective	fields,	12	cm	length	boost	fields).	One	patient	
developed	a	permanent	esophageal-stenosis	which	caused	retrosternal	pain	allowing	
only	 liquid	diet	 (60	Gy	esophageal	dose,	20	cm	 length	elective	fields,	9	cm	 length	
boost	fields).
Seven	 patients	 had	 severe	 dyspnea	 at	 rest	 after	 treatment.	 However,	 6	 of	 these	
patients	had	already	dyspnea	grade	3	before	radiotherapy.	In	8	patients	pulmonary	
function	test	were	repeated	6	months	after	the	end	of	radiotherapy.	The	VC	remained	
unchanged	in	5	cases,	improved	in	one	(14%)	and	decreased	in	two	patients	(15	and	
19%,	respectively).	The	FEV1	improved	in	4	patients	(mean	28%),	decreased	in	two	
cases	(20%	and	23%,	respectively)	and	remained	unchanged	in	2	patients.
Subacute	 (within	 3	 months)	 symptomatic	 grade	 2	 radiation	 pneumonitis	 with	
dyspnea	at	minimal	efforts	and	dry	cough	was	observed	in	3	patients.	The	other	two	
patients	developed	grade	3	pneumonitis	with	dyspnea	at	rest,	cough	and	medication	
with	antibiotics	and	steroids	were	given.	In	28	patients	(85%)	no	signs	of	radiation	
pneumonitis	were	observed.
Lung	fibrosis,	consisting	of	chest	X-ray	changes	within	the	irradiated	areas	consisting	
in	patchy	and	dense	radiographic	appearances	and	lung	retraction	in	asymptomatic	
patients	were	observed	 in	50%	of	 the	patients	6	months	after	 radiotherapy	and	 in	
practically	all	the	patients	at	12	months.
After	a	mean	follow-up	of	14	months	(range	7-30	months)	17	patients	(52%)	remain	
with	 local	 control,	 13	patients	 (39%)	have	developed	a	 confirmed	 local	 recurrence	
within	 the	 treated	 area	 and	 in	 3	 patients	 (9%)	 local	 tumor	 regrowth	 is	 suspected.	
With	one	exception,	all	the	recurrences	were	located	in	the	boost	field.	Seven	out	of	
eight	 patients	with	 stages	 I—II	have	been	 locally	 controlled	 as	 compared	 to	 9	 out	
of	22	patients	with	stage	III.	As	 it	was	noted	above,	 in	3	patients	(stage	I—II)	 it	 is	
not	completely	clear	if	local	tumor	relapse	has	taken	place.	There	was	no	correlation	
between	local	failure	rate	and	the	length	of	the	boost	field,	elective	field	and	T	category.	
Distant	metastases	were	observed	in	10	patients,	in	5	without	signs	of	local	recurrence.	
In	the	whole	group	19	patients	are	alive,	13	without	evidence	of	disease	and	6	with	a	
chest	recurrence.	The	median	survival	is	18	months,	the	1-	and	2-year	survival	is	60	and	
36%,	respectively.	For	patients	with	stage	I—II	disease	the	1-	and	2-year	survival	is	70	
and	40%,	in	stage	III	57	and	30%.	A	local	control	rate	of	45%	and	a	median	survival	
of	18	months	is	at	least	comparable	to	the	results	of	treatment	schemes	in	patients	with	
NSCLC	using	a	high	dose	and	a	longer	overall	treatment	time	reported	by	different	
European	centers	[2,18,20,21].	Fourteen	patients	died,	7	with	local	tumor	progression,	
one	patient	had	a	suspected	local	recurrence	and	6	patients	died	with	controlled	local	
disease.	Four	of	these	last	patients	died	of	distant	metastases,	1	patient	died	due	to	
inter-current	disease	and	in	one	patient	the	cause	of	death	was	unknown,	but	at	the	
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last	follow-up	no	evidence	of	local	tumor	was	observed.	No	patient	died	of	treatment	
related	complications.

4. Discussion

The	 local	 control	 rate	 of	 unresectable	 non-small	 cell	 carcinoma	 treated	with	 high	
dose,	 conventional	 administered,	 radiotherapy	 is	 still	 relatively	 low.	Depending	on	
prognostic	factors	and	radiation	dose	it	varies	between	35	and	62%	[15,16,18,19,22,27].	
Shortening	 the	overall	 treatment	 time	 for	 several	weeks	might	prevent	 accelerated	
repopulation	of	tumor	cells	during	fractionated	radiation	therapy	and	thus	increasing	
the	chance	for	local	cure	[23,26].	In	the	present	study	the	overall	treatment	time	was	
25	days,	considering	day	0	as	the	day	of	the	first	fraction	as	proposed	by	Kallman	
[13]	and	Fowler	[9].	As	compared	with	a	conventional	fractionated	regime	of	60	Gy,	
2	Gy/fraction,	5	days/week,	overall	time	39	days	(supposed	the	first	fraction	is	given	
on	Monday),	the	treatment	time	was	reduced	by	14	days.
The	main	observed	acute	toxicity	was	esophagitis,	7	of	33	patients	complained	from	
grade	2	acute	toxicity.	In	6	of	7	of	these	patients	symptoms	disappeared	within	10	
weeks	after	the	end	of	treatment.
Assuming	an	a/b	ratio	of	8	Gy	for	the	esophageal	mucosa,	[23]	within	the	boosted	
volume,	the	radiation	schedule	used	in	the	present	study	is	isoeffective	with	66	Gy	
in	fractions	of	2	Gy	(without	correction	by	the	shortening	in	overall	time).	Clinical	
experience	 gained	 in	 the	 treatment	 of	 head	 and	 neck	 cancer,	 lung	 cancer	 and	
esophageal	cancer	has	taught	that	this	dose	is	the	limit	of	the	esophageal	tolerance	
(acute	 and	 late).	From	our	 results	 it	was	 clear	 that	moderate	 acute	 esophagitis	was	
correlated	to	a	high	absorbed	radiation	dose	in	the	esophagus	and	to	the	length	of	
the	esophagus	 involved	 in	the	elective	treated	volume.	Emami	reports	an	 identical	
experience	 concerning	 esophagitis	 in	 his	 report	 of	 rapid	 fractionation	 [9].	 Late	
esophageal	 damage	 (stenosis)	was	 observed	 in	 one	 patient	who	 received	 60	Gy	 in	
the	esophagus	and	the	length	of	the	elective	fields	was	17	cm.	In	order	to	avoid	as	
much	as	possible	acute	and	late	esophageal	damage	efforts	must	be	done	to	exclude	
the	esophagus	from	the	boost	fields.	If	it	is	not	possible	because	the	proximity	of	the	
primary	tumor	to	the	esophagus,	the	elective	fields,	must	not	exceed	16	cm.
Severe	 dyspnea	 was	 already	 present	 in	 6	 patients	 before	 starting	 treatment	 and	
remained	thereafter.	In	one	patient	dyspnea	grade	3	appeared	shortly	after	treatment.	
Four	 patients	 developed	 a	 moderate	 or	 severe	 subacute	 symptomatic	 radiation	
pneumonitis.	 Assuming	 an	a/b	 ratio	 of	 5-3.3	Gy	 for	 acute	 lung	 damage	 [25]	 the	
treatment	used	in	the	present	study	 is	 isoeffective	with	a	total	dose	of	68-72	Gy,	2	
Gy/fraction.	If	a	time	factor	g/b	of	2.4	is	considered	as	proposed	by	Van	Dyk	et	al.	
[25]	then	the	concomitant	boost	schedule	is	isoeffective	with	a	dose	as	high	as	78	Gy	
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administered	in	fractions	of	2	Gy.	At	this	dose	level,	the	incidence	of	acute	lung	damage	
has	been	estimated	to	be	100%	[25].	On	the	chest	X-ray	films,	late	pulmonary	fibrosis	
at	the	site	of	the	primary	and	margins	of	normal	tissue	was	observed	in	practically	
all	the	patients	surviving	more	than	6	months.	Probably	due	to	the	relatively	small	
volume	receiving	a	high	radiation	dose	severe	acute	radiation	pneumonitis	was	only	
observed	in	12%	of	the	patients.	Unfortunately,	in	only	8	patients	lung	function	tests	
were	repeated	6	months	after	the	end	of	radiotherapy.	In	these	patients	no	important	
deterioration	of	either	the	VC	or	FEV1	seems	to	occur.	Other	authors	have	found	
similar	 results	 [1,3,6,14].	 In	patients	with	marginal	 lung	function	 it	 is	 important	 to	
evaluate	the	perfusion	of	the	area	going	to	receive	a	high	radiation	dose.	In	this	group	
of	patients	it	is	recommended	to	administer	the	radiation	treatment	used	in	this	study	
only	if	the	perfusion	in	the	high	risk	area	is	less	than	35%,	as	proposed	by	Abratt	et	al.	
[1].	Further,	meticulous	CT-scan-based	computer	planning	dosimetry	with	multiple	
field	 arrangements	 and	 lung	 corrections	 are	 also	 important	 in	order	 to	 reduce	 the	
amount	of	normal	lung	tissue	involved	in	the	radiation	fields.
For	inoperable	non-small	cell	lung	cancer	hyperfractionated	accelerated	radiotherapy	
appears	 to	 be	 feasible	 and	 gives	 better	 results	 than	 conventional	 fractionation	
[4,5,11,17].	These	radiation	schemes	are	now	being	tested	in	randomized	trials.	The	
concomitant	boost	regime	used	in	the	present	study	differs	from	these	other	studies	
in	the	fact	that	only	one	fraction/day	is	given,	3	Gy	to	the	tumor	and	2	Gy	to	the	
elective	areas.	In	this	way	it	has	been	possible	to	reduce	the	overall	time	by	2	weeks	
without	observing	excessive	toxicity.
Several	studies	have	been	reported	in	which	radiotherapy	was	combined	with	daily	
administration	of	a	low	dose	of	cDDP	in	patients	with	inoperable	NSCLC,	however,	
results	are	conflicting	 [27,24].	The	 treatment	scheme	reported	 in	 this	study	 is	now	
being	tested	in	combination	with	cDDP.	When	more	patients	are	evaluable	for	survival	
data,	the	need	for	prospective	randomized	studies	will	be	discussed	to	establish	the	
definitive	value	of	this	radiation	schedule	which	could	take	advantage	of	a	diminished	
tumor	repopulation	as	a	consequence	of	shortening	the	overall	treatment	time.
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Abstract

The	aim	of	this	study	was	to	determine	whether	 it	 is	feasible	to	reduce	the	overall	
treatment	time	from	7	to	4	weeks	in	patients	with	non-small	cell	lung	cancer	(NSCLC)	
receiving	radiotherapy	with	cisplatin.	This	follows	an	EORTC	phase	III	randomised	
trial	(08844)	in	which	cisplatin	given	before	each	radiation	dose	resulted	in	improved	
local	control	and	survival,	but	which	had	a	relatively	long	treatment	period	of	7	weeks	
[Schaake-Koning	et	al.,	N	Engl	J	Med	1992,326,524-530].	38	patients	with	confirmed	
NSCLC	(2	stage	I,	1	stage	II,	18	stage	IIIA,	17	stage	IIIB)	received	a	total	tumour	
dose	of	55	Gy/20	fractions/26	days,	from	January	1992	to	March	1994.	Daily	fractions	
of	2	Gy	(5	times/week)	were	given	to	the	macroscopic	tumour	and	the	non-involved	
adjacent	lymph	node	areas.	During	the	same	session,	a	dose	of	0.75	Gy	was	given	to	
the	macroscopic	tumour	(simultaneous	boost).	Cisplatin	6	mg/m2	was	administered	
l-2	h	before	each	fraction,	 in	an	escalating	total	dose,	during	week	1	 in	3	patients,	
during	weeks	1	and	2	in	6	patients,	during	weeks	1,	2	and	3	in	5	patients	and	during	
the	whole	treatment	in	24	patients.	38	patients	were	evaluable	for	acute	side-effects	
(WHO).	Maximal	therapy-related	toxicity	(WHO)	was	grade	3	(nausea/vomiting	in	
2	 patients,	 oesophagitis	 in	 3	 patients,	 dyspnoea	 in	 3	 patients,	 cough	 in	 1	 patient).	
Late	side-effects	were	evaluated	in	34	patients.	There	was	grade	2	oesophagitis	in	2	
patients;	grade	3	toxicity	in	8	patients	(tiredness	in	3	patients,	dyspnoea	in	3	patients,	
oesophagitis	in	2	patients);	grade	4	toxicity	in	4	patients	(dyspnoea	in	3	patients,	cough	
in	 1	patient).	Pulmonary	fibrosis	 grade	3	occurred	 in	 4	 and	 grade	4	 in	 6	patients.	
One	patient	developed	a	severe	(grade	3)	radiation	pneumonitis.	The	low	incidence	
of	 acute	 and	 late	 side-effects	with	 this	 treatment,	 combining	 daily	 administration	
of	 6	mg	 cisplatin	with	 radical	 radiotherapy	 using	 a	 simultaneous	boost	 technique,	
indicates	 that	 escalation	 of	 the	 radiation	 dose	 seems	 feasible.	 Copyright	 ©	 1996	
Elsevier	Science	Ltd
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Introduction 

NON-SMALL	CELL	LUNG	CANCER	(NSCLC)	is	a	common	tumour	type	with	
a	 poor	 prognosis.	 A	 large	 proportion	 of	 the	 patients	 is	 inoperable	 at	 the	 time	 of	
diagnosis	[1,	2].	
In	locally	advanced	disease	TNM	stage	II,	IIIA	and	IIIB,	the	5	year	survival	rate	is	
less	than	10%	after	radical	radiotherapy	and	the	local	control	rate	varies	from	30-60%	
[1,	3,	4,	6].	
Local	 cure	 is	 a	 prerequisite	 for	 long-term	 survival.	 Improvement	 of	 the	 local	 cure	
rate	is	correlated	with	a	longer	survival	[4,	5].	The	probability	of	local	cure	increases	
with	increasing	doses	of	radiation	[4,	6].	Several	new	ways	have	recently	been	tried	to	
enhance	selectively	the	biological	effect	of	radiation	on	tumour	cells	[7].	One	of	these	
possibilities	is	the	combination	of	low	doses	of	cisplatin	(cDDP)	used	as	a	radiosensitiser	
[8,	9].	This	combination	has	been	investigated	in	several	phase	III	studies	in	NSCLC	
[10-12].	In	1993,	Schaake-Koning	and	colleagues	published	the	results	of	the	EORTC	
trial	08844,	a	randomised	phase	III	study,	in	which	a	sensitizing	effect	was	observed	
of cDDP at a dose of 6 mg/m2	 given	 l-2	 h	 before	 each	 radiation	 dose	 resulting	 in	
significantly	improved	local	control	and	survival	[5].	A	recent	update,	after	a	minimal	
follow-up	period	of	4	years,	confirmed	the	superiority	of	local	disease-free	survival	and	
overall	survival	for	the	daily	combined	treatment	arm	[13].
One	of	the	main	criticisms	of	this	trial	is	the	relatively	long	overall	treatment	time	(7	
weeks)	due	to	a	split	period	of	3-4	weeks	during	the	radiotherapy	[14].	Prolongation	
of	overall	 treatment	 time	 is	known	 to	 result	 in	a	 loss	of	 local	 control	 in	head	and	
neck	and	cervical	cancer	[15,	16].	Recently,	Cox	and	co-workers	have	demonstrated	
an	 adverse	 effect	 of	 treatment	 interruption	 in	 patients	 with	 unresectable	NSCLC	
presenting	with	favourable	prognostic	factors	[17].	The	results	of	current	phase	III	
studies	using	treatment	schemes	with	short	overall	times	such	as	CHART	(continuous,	
hyperfractionated,	 accelerated	 radiotherapy)	 or	 other	 hyperfractionated	 regimens	
used	by	the	RTOG	(Radiation	Therapy	Oncology	Group)	are	to	be	awaited	[7,	18].	
Two	phase	II	studies	using	a	simultaneous	boost	technique	indicate	that	it	is	possible	
to	administer	a	radical	dose	of	radiation	in	a	relatively	short	overall	treatment	time	
with	acceptable	toxicity	[19,	20].
We	 were	 interested	 to	 know	 if	 the	 same	 dose	 of	 radiotherapy	 as	 used	 in	 the	
aforementioned	EORTC	trial,	combined	with	cDDP,	administered	as	in	the	best	arm	
of	this	trial,	could	be	given	safely	without	intercalating	a	split-period,	thus	reducing	
the	overall	treatment	time	from	7	to	4	weeks.
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Patients and methods

Selection criteria
Between	 January	1992	and	December	1993,	 39	patients	were	 entered	 in	 the	 study.	
All	 patients	were	 staged	 by	 physical	 examination,	 haematological	 and	 biochemical	
liver	function	tests	as	well	as	creatinine	clearance,	bronchoscopy,	lung	function	tests	
with	vital	capacity	(VC)	and	forced	expiratory	volume	in	1	second	(FeVl)	as	minimal	
requirement,	ECG,	chest	X-ray	standard	films	and	computed	tomography	(CT)	scan	
of	the	thorax.	Liver	ultrasound,	bone	scan	and	CT	scan	of	the	brain	were	performed	
if	metastases	were	suspected.	1	patient	was	not	eligible	because	of	distant	metastases,	
leaving	38	patients	evaluable.
Eligibility	criteria	for	entering	the	study	were:	inoperable	NSCLC	T	l-4,	N	0-2	(UICC,	
1987),	histologically	or	cytologically	confirmed,	age	<	70	years,	performance	status	
0	or	1	(ECOG/ZUBROD-WHO),	weight	loss	<	5%	during	the	previous	3	months,	
creatinine	 clearance	>	 70	ml/min,	 FeVl	>	 1L	maximal	 length	 of	 the	 oesophagus	
receiving	55	Gy	11	cm,	maximal	length	of	the	oesophagus	receiving	40	Gy	16	cm.	
Excluded	were	patients	who	received	previous	chemo	or	radiotherapy,	patients	with	
recent	myocardial	infarction	(<	6	months)	or	evidence	of	heart	failure,	and	patients	
with	any	form	of	bone	marrow	hypoplasia	(haemoglobin	(Hb)	<	6.8	mmol/L	white	
blood	cell	(WBC)	count	<	4	x	10	9/L	platelets	<	100	x	10	9/L).	Patients	in	whom	it	
was	technically	impossible	to	exclude	>	l/2-1/3	of	the	heart	from	the	large	fields	or	in	
whom	it	was	impossible	to	limit	the	spinal	cord	dose	to	44	Gy	were	also	excluded.

Acute and late side-effects
Patients	 were	 followed	 once	 a	 week	 during	 and	 up	 to	 4	 weeks	 after	 the	 end	 of	
treatment,	and	every	8	weeks	thereafter.
For	reasons	of	comparison,	the	same	parameters	for	acute	and	late	toxicity	were	used	
as	in	EORTC	study	08844.
Acute	and	late	side-effects	were	scored	for	weight	loss,	nausea/vomiting,	oesophagitis,	
dyspnoea,	 cough	 and	 haematological	 toxicity	 and	 registered	 according	 to	 WHO	
criteria.	Acute	side-effects	 included	all	reactions	occurring	from	day	1,	 the	start	of	
radiotherapy	until	day	70.	Late	side-effects	were	expressed	as	tiredness	not	attributed	
to	tumour	progression,	dyspnoea,	cough,	changes	on	the	chest	X-rays,	oesophagitis	
and	 radiation	 pneumonitis.	 For	 the	 evaluation	 of	 lung	 damage,	 chest	X-rays	were	
repeated every 8 weeks after radiotherapy.
Late	 lung	 damage	was	 listed	 as	 grade	 1	 if	 faint	 shadowing	was	 seen	 on	 the	 chest	
X-ray,	 as	grade	2	 for	moderate	 shadowing,	both	without	distortion	of	anatomy;	 as	
grade	3	for	faint	and	as	grade	4	for	moderate	or	dense	shadowing	with	distortion	of	
anatomy.	If	possible,	lung	function	tests	were	conducted	6	and	12	months	after	end	
of	treatment.
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Evaluation of response
Local	 control	 was	 defined	 as	 a	 condition	 in	 which	 no	 clinical	 signs	 of	 a	 local	
recurrence	was	 present	 and	 in	which	 at	 least	 a	 decrease	 of	≥	 50%	 in	 the	 product	
of	 the	 two	 largest	 perpendicular	 diameters	 of	 a	 radiologically	 measurable	 disease	
was	documented.	Due	to	the	occurrence	of	fibrotic	changes	in	the	irradiated	area,	a	
final	complete	disappearance	of	all	tumours	on	the	chest	X-ray	was	often	impossible	
to	 evaluate.	 Persistent	 radiographic	 abnormalities	 consisting	 of	 patchy	 and	 dense	
radiographic	appearances	and	lung	retraction	which	were	still	stable	after	12	months	
were	attributed	to	changes	of	the	lung	tissue	due	to	irradiation.

Radiotherapy
All	 patients	 were	 treated	 with	 megavoltage	 photon	 beams	 ≥	 5	 MV	 energy.	 The	
Elective	Planning	Target	Volume	(EPTV)	encompassed	the	known	tumour	and	the	
first	lymph	node	drainage	group	not	considered	pathological	with	a	margin	of	1.5	cm	
at	the	90%	isodose	in	the	central	plane	or	with	a	margin	of	2	cm	to	the	light	beams.	
Two	 opposite	 AP-PA	 fields	 or	 a	 multiple	 beam	 arrangement	 was	 used.	 The	 dose	
was	defined	according	to	the	ICRU	50	report.	The	Boost	Planning	Target	Volume	
(BPTV)	included	in	the	90%	isodose	the	known	tumour	volume	with	a	1	cm	margin	
of	normal	tissue.	Suspicious	lymph	nodes	with	a	size	of	≥	1	cm	were	included.
The	BPTV	was	defined	and	calculated	by	CT	assisted	dosimetry,	using	 a	multiple	
field	arrangement	and	the	lung	correction	factor.	The	EPTV	received	a	dose	of	40	
Gy	administered	in	20	daily	fractions	of	2	Gy,	5	times	per	week,	overall	treatment	
time	being	26	days.	The	daily	dose	to	the	BPTV	was	0.75	Gy	given	immediately	after	
the	treatment	of	the	EPTV	during	the	same	session.	Thus,	the	total	daily	dose	to	the	
BPTV	was	2.75	Gy,	the	total	overall	dose	55	Gy,	administered	in	20	fractions,	overall	
treatment	time	26	days.

Chemotherapy
cDDP 6 mg/m2	 in	 an	escalating	number	of	doses	was	 administered	 intravenously	
(i.v.)	 l-2	hours	before	each	fraction	of	radiotherapy.	A	daily	fluid	 intake	of	2	L	was	
obligatory.	 3	patients	 received	cDDP	 the	first	 treatment	week	 (5	 times	or	30	mg/
m2),	6	patients	had	cDDP	during	fraction	l-10	(10	times	or	60	mg/m2),	in	5	patients	
cDDP	was	administered	for	fraction	1-15	(90	mg/m2)	and	the	remaining	24	patients	
received	cDDP	before	each	treatment	fraction	(120	mg/m2).
The	treatment	could	be	given	on	an	outpatient	basis,	but	generally	the	patients	were	
hospitalised	for	the	first	week	of	treatment.	Due	to	hospital	facilities,	a	minority	of	
the	patients	was	hospitalised	for	the	whole	treatment.	If	the	patient	had	oesophagitis	
grade	1	or	higher,	the	cDDP	administration	was	combined	with	infusion	of	an	extra	
1	litre	of	fluid.	
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2	patients	received	one	day	less	cDDP	than	planned,	in	1	patient	because	of	fever	and	
in	the	other	because	of	an	incorrect	serum	creatinine	test.	In	one	patient,	the	cDDP	
administration	was	stopped	after	12	days	because	of	an	allergic	reaction.

Results

Patient characteristics
1	patient	was	not	eligible	because	distant	metastases	were	present,	leaving	38	patients	
for	 evaluation.	 The	 mean	 age	 of	 the	 patients	 was	 57	 years,	 range	 32-71	 years.	 6	
patients	presented	with	weight	loss	of	≥	5%	(Table	1).	This	could	be	attributed	to	a	
thoracotomy	in	1	and	a	candida	oesophagitis	in	2	patients.	
The	vital	capacity	varied	between	6.0	and	2.2	 litres	with	a	mean	of	4.0	 litres.	FeVl	
values	 had	 a	 range	 of	 4.1	 and	 1	 .0	 litres	 with	 a	mean	 of	 2.4	 litres.	 In	 4	 patients,	
an	 additional	 ventilation-perfusion	 scintigraphy	 was	 performed	 to	 ascertain	 that	
adequate	tolerance	for	high	dose	irradiation	was	present.	36	patients	had	upper	lobe	
laesions,	in	2	patients	the	tumour	was	located	in	the	middle	lobe.

Table 1.	Patient	characteristics
Number	of	patients

Sex	(male/female) 33/5
Histology
Squamous 15
Adenocarcinoma 11
Large cell 9
NSCLC 3

Performance	status	ECOG
0 24
1 14

Weight	loss	%
0 25
l-4 7
5-9 6

Stage
I 2
II 1
IIIA 18
IIIB 17

Treatment characteristics
Details	about	the	radiation	portals	are	shown	in	Table	2.	The	overall	time	was	26	days	
in	19	patients,	and	28-31	days	in	18	patients	(due	to	holidays	and	start	of	treatment	
on	Tuesday-Thursday).	In	1	patient,	the	overall	time	was	38	days	due	to	holidays	and	
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intercurrent	disease.	The	maximum	dose	to	the	spinal	cord	varied	between	41	and	44	
Gy	in	14	patients,	and	was	40	Gy	or	less	in	22	patients.	In	2	patients,	the	spinal	cord	
dose	exceeded	44	Gy	(45	and	47	Gy).	The	absorbed	dose	in	the	oesophagus	was	40	
Gy	or	less	in	2	patients,	41-45	in	7,	46-50	Gy in	11	and	51-55	Gy	in	18	patients.

Acute side-effects
38 patients	were	evaluable	 for	acute	side-effects.	Weight	 loss	during	 treatment	was	
observed	 in	 35	 patients,	 with	 a	 mean	 of	 5%	 (l-12%).	 3	 patients	 exhibited	 severe	
nausea/vomiting	grade	3/4	(Table	3).	In	1	patient,	this	was	not	treatment	related	but	
attributed	to	an	atria1	flutter.	In	the	other	2	patients	the	toxicity	returned	to	grade	1	
after	5-HT3-	antagonist	medication.
3	patients	experienced	severe	oesophagitis	grade	3	(1	in	week	3,	1	in	weeks	4	and	5	
and	1	in	week	5).	2	of	these	patients	received	cDDP	treatment	only	during	week	1,	the	
other	patient	had	2	weeks	of	combined	treatment.	The	oesophageal	dose	was	43	Gy	
in	one	and	55	Gy	in	other	other	cases.

Table 2.	Treatment	characteristics
No.	of	patients	EPTV No.	of	patients	BPTV

Primary	tumour	only 0 9
Primary	tumour	and	ipsilateral	hilum 0 7
Primary	tumour	and	part	mediastinum 10 22
Primary	tumour	and	entire	mediastinum 28 0

Length	(cm)
7-10 0 13
11-14 2 22
16 21 2
17-20 15 1

EPTV:	Elective	Planning	Target	Volume;	BPTV:	Boost	Planning	Target	Volume.

Table 3. Acute side-effects
Grade	(WHO) Nausea/Vomiting	 Oesophagitis Tiredness	 Dyspnoea	 Cough

0 12 3 12 6 14
1 17 23 13 17 21
2 6 9 12 12 2
3 2* 3‡ 1 3§ 1
4 1† 0 0 0 0

38 38 38 38 38
*	After	5-HT3	antagonist:	grade	1;	†Non-treatment-related	(atria1	flutter);	‡	1	patient:	week	3	only	
(1	week	cisplatin,	dose	oesophagus	55	Gy,	10	cm	length),	1	patient:	week	5	only	(1	week	cisplatin,	
dose	oesophagus	43	Gy,	9	cm),	1	patient:	weeks	4	and	5	(2	weeks	cisplatin,	dose	oesophagus	55	
Gy,	10	cm,	candida).	Oesophagoscopy	week	4:	slight	mucosal	reaction,	healed	after	week	12;	§	1	
patient:	weeks	1	and	2:	returned	to	grade	1	in	week	7,	1	patient:	weeks	1,	2	and	5:	grade	2	week	7,	1	
patient:	weeks	3,	4	and	10:	grade	1	in	week	13.
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The	irradiated	length	of	the	oesophagus	in	the	BPTV	was	9	cm	in	1	patient	and	10	
cm	in	2	patients.	In	1	patient,	an	accompanying	candida	infection	was	suspected	at	
oesophagoscopy,	and	8	weeks	after	end	of	treatment	the	complaints	disappeared.	In	
the	other	patients,	 the	complaints	resolved	completely	within	4	weeks	after	end	of	
treatment.
Severe	grade	3	dyspnoea	was	observed	in	3	patients,	but	they	 improved	3,	3	and	7	
weeks	after	the	end	of	treatment.	1	patient	exhibited	a	severe	urticaria	in	the	second	
week	of	treatment.	The	cDDP	was	stopped	after	the	12th	fraction	and	the	symptoms	
disappeared,	 suggesting	 an	 allergic	 reaction.	 35	 patients	 completed	 the	 treatment	
according	to	the	protocol.	2	patients	received	one	day	less	of	cDDP	than	scheduled,	
1	because	of	an	incorrect	creatinine	blood	test,	1	because	of	fever.	1	aforementioned	
patient	received	12	days	of	cDDP	instead	of	20	because	of	an	allergic	reaction	to	the	
cisplatin.

Late side-effects
In	 4	 patients,	 the	 follow-up	 was	 less	 than	 3	 months;	 therefore	 34	 patients	 were	
evaluated	 for	 late	 side-effects.	 3	 patients	 exhibited	 severe	 tiredness,	 but	 all	 had	
progressive	disease	at	that	time	(Table	4).	Dyspnoea	in	rest	was	observed	in	3	patients,	
these	patients	appeared	to	have	progressive	local	disease.	Intake	of	soft	food	only	was	
mentioned	 for	2	patients,	but	 a	 stenosis	of	 the	oesophagus	was	not	demonstrated,	
and	 both	 died	 soon	 afterwards	 of	 progressive	 distant	metastases.	 2	 other	 patients	
exhibited	 late	 oesophageal	 toxicity	 which	 could	 be	 attributed	 to	 the	 treatment.	 1	
patient	with	acute	oesophageal	toxicity	grade	2,	with	increasing	complaints	in	week	
17,	had,	 at	oesophagoscopy,	 a	 superficial	ulceration;	with	 sucralfate	 the	complaints	
disappeared	in	week	24.	

Table 4.	Late	side-effects
Grade	(WHO) Tiredness Dyspnoea Cough Chest X-ray Oesophagitis Radiation	

pneumonitis
0 14 16 13 1 30 33
1 10 11 9 4  -  - 
2 7 1 11 11 2‡  - 
3 3* 3 - 6 2§ 1║
4 - 3† 1 12 -  -

34 34 34 34 34 34
*	2	patients:	recurrent	tumour,	1	patient:	pneumonitis	and	recurrent	tumour;	†	2	patients:	recurrent	
tumour,	1	patient	radiation	pneumonitis	and	recurrent	tumour;	‡	1	patient:	subacute	oesophagitis,	
week	17,	oesophagoscopy:	superficial	ulceration	in	RT	area,	treated	with	sucralfate.	No	complaints	
after	 week	 24,	 1	 patient:	 subacute	 oesophagitis,	 resolved	 week	 12	 with	 sucralfate;	 §	 1	 patient:	
week	11,	soft	food	only.	Died	week	22	with	bone	metastases,	1	patient:	week	14,	soft	food		only.	
Died	week	20	of 	progressive	tumour,	║	1	patient:	radiation	pneumonitis,	week	17	(cough,	pain,	
haemoptysis)	treated	with	prednisone	and	antibiotics	(until	week	48),	week	58	local	recurrence.
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1	 patient	 developed	 chest	 pain,	
cough	 and	 dyspnoea	 in	 week	 17,	
which	was	interpreted	as	a	radiation	
pneumonitis.	 Despite	 treatment	
with	corticosteroids	and	antibiotics,	
complaints	were	maintained	and	the	
chest	X-rays	remained	abnormal.	In	
week	 58,	 local	 tumour	 recurrence	
finally	was	histologically	confirmed.	
The	actuarial	analysis	of	 the	risk	of	
developing	late	side	effects	grade	3/4	
for	 cough,	 dyspnoea,	 oesophagitis	
and	radiation	pneumonitis	is	shown	
in	Figure	1.	Data	concerning	the	lung	
function	6	months	after	radiotherapy	
are	 known	 in	 4	 patients.	 Both	 VC	
and	the	FeVl	decreased	with	a	mean	
of	15	and	7%,	respectively.	The	CO	
diffusion	capacity	was	unchanged	in	
1	 patient	 and	 decreased	 by	 14%	 in	
another.	 One	 year	 after	 treatment,	
a	 decrease	 in	VC	and	 the	FeVl	was	
seen	 in	 3	 patients	 (mean	 21%	 and	
17%,	 respectively);	 an	 increase	
was	 observed	 for	 the	 vital	 capacity	
in	 2	 patients	 (3	 and	 48%)	 and	 in	
1	 patient.	 the	 FeVl	 increased	 by	
22%.	 The	 CO	 diffusion	 remained	
unchanged	in	2	patients,	increased	in	
1	 (15%)	and	decreased	 in	2	patients	
(5	and	16%).	Actuarial	crude	overall	
survival	 is	 shown	 in	 Figure	 2.	 The	
median	 survival	 is	 16	months	 (95%	
confidence	interval:	12.2-21.6).
At	the	moment	of	analysis	17	patients	
are	 alive	 and	 21	 have	 died.	 Local	
recurrence-free	 interval	 is	 shown	 in	
Figure	3.	At	the	moment	of	analysis,	
15	 patients	 had	 developed	 a	 local	
recurrence.

Figure 1. Actuarial	incidence	of 	late	complications	
grade	 ¾	 for	 cough,	 dyspnoea,	 oesophagitis	 and	
radiation	pneumonitis.

Figure 2. Crude	 actuarial	 survival	 of 	 38	 patients	
with	 non-small	 cell	 lung	 cancer	 treated	 with	
escalating	daily	doses	of 	cisplatin	up	to	6mg/m2	in	
combination	with	radiotherapy
55	Gy/20	fractions.

Figure 3. Local	 recurrence-free	 interval	 of 	 38	
patients	with	non-small	cell	lung	cancer	treated	with	
escalating	daily	doses	of 	cisplatin	up	to	6	mg/m2	in	
combination	with	radiotherapy	55	Gy/20	fractions.
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Discussion

In	the	majority	of	the	patients	treated	with	55	Gy/20	fractions	combined	with	daily	
administration	of	cDDP	6	mg/m2 the acute oesophageal side-effects were mild. Severe 
oesophagitis	was	observed	in	3	cases	(8%),	and	none	of	these	had	received	cDDP	for	
the	complete	treatment	time.	In	1	patient,	a	candida	 infection	partly	explained	the	
complaint,	in	the	other	2	cases	the	duration	of	severe	oesophagitis	was	restricted	to	
only	1	week.	Assuming	an	α/β	of	8	Gy	for	acute	oesophagitis,	this	treatment	scheme	
equals	59	Gy/2	Gy	[21].	This	dose	is	generally	well	tolerated	for	the	oesophagus.	In	the	
EORTC	08844	trial	the	addition	of	cDDP	did	not	increase	acute	oesophageal	toxicity.	
Two	other	studies,	combining	high-dose	radiotherapy	with	low-dose	daily	cDDP,	have	
reported	an	incidence	of	severe	oesophagitis	of	5	and	16,	respectively	[	12,	23].	Hazuka	
and	 associates	observed	16%	 incidence	of	 grade	3	oesophagitis	 in	 a	phase	 II	 study	
combining	daily	 administration	of	 cDDP	5	mg/m2	with	 radiotherapy	 61	Gy/33	 fx	
/6½	wks.	In	their	study	the	total	dose	of	cDDP	and	the	radiation	dose	were	higher,	
and	the	treatment	portals	might	have	been	larger	than	in	our	study.
Treatment-related	 late	 oesophageal	 side-effects	 were	 mild	 and	 only	 seen	 in	 2/38	
patients	(5%)	in	our	study.	In	2	other	patients,	the	indicated	late	oesophageal	toxicity	
was	probably	not	treatment-	but	disease-related,	and	thus	it	is	doubtful	if	it	should	be	
reported	as	an	oesophageal	side-effect.	Due	to	the	eligibility	criteria,	the	length	of	the	
oesophagus	receiving	40	or	55	Gy	was	limited	to	16	and	11	cm,	respectively,	and	this	
might	explain	the	low	incidence	of	late	oesophageal	toxicity.
Severe	 nausea/vomiting,	 not	 responding	 to	 5-HT3	 antagonist	 treatment	 was	 not	
observed.	 This	 means	 a	 considerable	 improvement	 compared	 to	 the	 observed	
incidence	of	nausea/vomiting	in	the	EORTC	08844	trial	in	which	24/87	(28%)	of	the	
patients	who	received	daily	cDDP	had	grade	¾	nausea/vomiting.	In	our	opinion,	this	
can	be	attributed	to	the	systemic	treatment	of	patients	presenting	nausea/vomiting	
not	responding	to	conventional	anti-emetics.
No	 severe	 haematological	 side-effects	 were	 observed;	 the	 field	 size	 of	 the	 EPTV	
and	 the	 BPTV	 was	 limited	 in	 the	 majority	 of	 the	 patients.	 This	 is	 in	 agreement	
with	 the	data	of	 the	EORTC	08844	 trial	 in	which	only	 3/87	patients	 in	 the	daily	
cDDP	arm	showed	severe	haematological	toxicity.	Hazuka	and	associates	observed	
haematological	toxicity	in	17%	of	the	patients,	but	the	total	dose	of	cDDP	was	higher,	
the	radiation	dose	was	higher	and	the	fields	might	have	been	larger	in	his	study	[23].
The	 observed	 late	 side-effects	 for	 tiredness	 and	 dyspnoea	 did	 not	 appear	 to	 be	
treatment-related,	as	the	majority	of	the	patients	had	progressive	disease	at	the	time	
the	toxicity	was	assessed.	This	holds	true	for	the	only	patient	 in	whom	a	radiation	
pneumonitis	was	suspected.
Thus	 far,	 clinical	 studies	 have	 not	 demonstrated	 an	 enhancement	 of	 pulmonary	
toxicity	 with	 the	 combined	 treatment	 of	 radiotherapy	 and	 cDDP	 [5,	 12,	 22-24].	
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Assuming	 an	 α/β	 of	 3.3	 to	 5	 Gy	 for	 acute	 lung	 damage	 (up	 to	 6	 months),	 this	
treatment	 is	 isoeffective	with	 63-61	Gy/2	Gy.	At	 this	 dose	 level,	 the	 incidence	 of	
acute	lung	damage	would	be	expected	to	be	≥	90%	within	the	irradiated	volume	[21].	
The	volume	receiving	55	Gy	was	limited,	however,	as,	due	to	the	eligibility	criteria,	all	
tumours	but	one	were	situated	in	the	upper	lobe.	As	the	irradiated	lung	volume	might	
play	a	role	in	the	occurrence	of	pulmonary	damage,	this	might	explain	the	observed	
low	incidence	of	radiation	pneumonitis	[25].
The	observed	local	recurrence	rate	in	this	small	series	and	with	a	restricted	follow-up	
is	in	agreement	with	other	studies	using	radiotherapy	only	and	the	data	of	Trovo	and	
colleagues,	but	higher	than	in	the	EORTC	08844	study	[5,	6,	12].	The	survival	data	of	
this	study	are	limited.	The	median	survival	of	16	months,	based	on	a	small	number	of	
patients,	is	comparable	to	several	large	studies	using	curative	radiotherapy	in	advanced	
stages	and	comparable	with	the	data	of	other	series	using	radiotherapy	and	cDDP	[5,	
12].	As	only	some	of	the	patients	with	a	follow-up	>	1	year	had	received	cDDP	for	
the	whole	 treatment	period,	 the	data	 concerning	 local	 recurrence	 and	 survival	 are	
preliminary	and	must	be	interpreted	with	caution.
Our	main	conclusion	 from	 this	 study	 is	 that	 a	 radiotherapy	 schedule	of	55	Gy/20	
fractions/26	 days	 using	 a	 simultaneous	 boost	 technique	 combined	 with	 daily	
administration	of	 cDDP	6	mg/m2	 is	 tolerated	 and	 thus	 a	 reduction	of	 the	overall	
treatment	time	from	7	weeks	in	EORTC	trial	08844	to	4	weeks	is	feasible	in	this	patient	
category.	The	incidence	of	serious	side-effects	is	minimal	and	mainly	oesophageal.
The	low	toxicity	observed	in	this	study	indicates	that	an	escalation	of	the	radiotherapy	
dose	might	be	feasible.	Because	a	dose-effect	relationship	for	local	control	is	observed	
in	non-small	cell	 lung	cancer	up	to	a	dose	of	70	Gy,	we	feel	 that	a	dose	escalation	
should	 be	 tested	 before	 going	 into	 a	 phase	 III	 study.	 Thus,	 our	 next	 step	will	 be	
an	 evaluation	 of	 the	 side	 effects	 of	 a	 higher	 radiation	 dose	 up	 to	 66	Gy	 given	 in	
combination	with	 daily	 administration	 of	 cDDP	 in	 the	 same	 patient	 group	 using	
three-dimensional	treatment	planning	and	conformal	radiotherapy.

Reference List
 1.  Kjaer	M.	Radiotherapy	of 	squamous,	adeno-	and	large	cell	carcinoma	of 	the	lung.		Cancer Treat  Rev 1992, 

9, l-20.
 2.  Thaupsa	PT.	Conservative	resection	in	surgery	for	bronchogenic	carcinoma.	J Thorac Cardiovasc Surg 1967, 

53, 159-162.
	 3.		 Perez	CA,	Stanley	K,	Grundy	G,	et	al.	Impact	of 	irradiated	technique	and	tumour	extent	in					tumour	

control	and	survival	of 	patients	with	unresectable	oat	cell	carcinoma	of 	the	lung.		Cancer 1982, 50, 1059-
1091.

	 4.		 Schaake-Koning	 C,	 Schuster-Uitterhoeve	 L,	 Hart	 G,	 Gonzalez	 Gonzalez	 D.	 Prognostic	 factors	 of 	
inoperable	 localized	 lung	cancer	 treated	by	high-dose	 radiotherapy.	 Int J Radiat Oncol Biol Phys 1983, 9, 
1023-1028.

C
hapter 3

4�

Feasibility of curative radiotherapy w
ith a concom

itant boost 



	 5.		 Schaake-Koning	C,	Van	den	Bogaert	W,	Dalesio	0,	et	al.	Effects	of 	concomitant	cisplatin	and	radiotherapy	
in	inoperable	non	small-cell	lung	cancer.	A	randomized	phase	III	study	of 	the	EORTC	Radiotherapy	and	
Lung	Cancer	Cooperative	Group.	N Eng J Med 1992, 326,	524-530.

 6.  Perez	CA,	Pajak	TF,	Rubin	P,	 er	 al.	Long-term	observations	of 	 the	pattern	of 	 failure	 in	patients	with	
unresectable	 non-oat	 cell	 carcinoma	 of 	 the	 lung	 treated	with	 definitive	 radiotherapy.	Cancer 1987, 59, 
1874-1881.

	 7.		 Cox	 JD,	 Azamia	 N,	 Byhardt	 RW,	 Shin	 KH,	 Emami	 B,	 PajakTF.	 A	 randomized	 phase	 I/II	 trial	 of 	
hyperfractionated	radiation	therapy	with	total	doses	of 	60,0	Gy	to	79,2	Gy:	possible	survival	benefit	with	
≥	 69.6	Gy	 in	 favourable	 patients	with	 radiation	 therapy	 oncology	 group	 stage	 III	 non-small-cell	 lung	
carcinoma:	report	of 	Radiation	Therapy	Oncology	Group	83-l	1.		J Clin Oncol 1990, 8,	1543-1555.

	 8.		 Begg	AC,	Stewart	FA,	Dewit	L,	Bartelink	H.	Interactions	between	cisplatin	and	radiation	in	experimental	
rodent	 tumours	 and	normal	 tissues.	 In	Hill	B,	Bellamy	A,	 eds.	Antitumor	Drug-radiation	 Interactions,	
Chapter	9.	CRC	Press	Inc.,	Boca	Raton,	Florida,	USA,	1989,	154-170.

	 9.		 Dewit	 L.	 Combined	 treatment	 of 	 radiation	 and	 cis-diamminedichloro-platinum	 (II):	 a	 review	 of 	
experimental	and	clinical	data.	IntJ Rad Oncol Biol Phys 1987, 13,	403-426.

	 10.		 Ansari	R,	Tokara	R,	Fisher	W,	et	al.	A	phase	III	study	of 	thoracic	irradiation	with	and	without	concomitant	
cisplatin	in	locally	advanced	unresectable	non	small	cell	lung	cancer;	a	hoosier	oncology	group	study.	Proc 
Am Soc Clin Onc 1991, 10,	241.	

	 11.		 Soresi	E,	Clerici	M,	Grilli	R,	et	al.	A	randomized	clinical	trial	comparing	radiation	therapy	versus	radiation	
therapy	 plus	 cisdichlorodiammine	 platinum	 in	 the	 treatment	 of 	 locally	 advanced	 non	 small	 cell	 lung	
cancer.	Semin Oncol 1988, 15	(suppl.	7),	20-25.

	 12.		 Trovó	MG,	Minatel	E,	Franchin	G,	et	al.	Radiotherapy	versus	radiotherapy	enhanced	by	cisplatin	in	stage	
III	non-small	cell	lung	cancer.	Int J Radiat Oncol Biol Phvs 1992, 24, 11-15.

	 13.		 Schaake-Koning	C.	Combination	of 	radio-	and	chemotherapy	in	patients	with	non-small	cell	lung	cancer	
(NSCLC).	Radiother Oncol 1994,	32	(Suppl.	l),	71.

	 14.		 Würschmidt	F,	Bünemann	H,	Heilmann	H-P.	Treatment	of 	nonsmall-cell	lung	cancer	with	cisplatin	and	
radiotherapy. N Eng J Med 1992, 327,	432.

	 15.		 Harari	PM,	Fowler	J.	Idealized	versus	realized	overall	treatment	times.Int J Rad Oncol Biol Phys 1994, 29, 
209-211.

	 16.		 Thames	HD,	Bentzen	SM,	Turesson	J,	Overgaard	J,	Van	den	Bogaert	W.	Time-dose	factors	in	radiotherapy:	
a	review	of 	human	data.	Radiother Oncol l990, 19, 219-235.

	 17.		 Cox	JD,	Pajak	TF,	Asbell	S,	et	al.	Interruptions	of 	high-dose	radiation	therapy	decrease	long-term	survival	
of 	favorable	patients	with	unresectable	non-small	cell	carcinoma	of 	the	lung:	analysis	of 	1244	cases	from	
3	Radiation	Therapy	Oncology	Group	(RTOG)	trials.	Int J Rad Oncol Biol Phys 1993, 27,	493-498.

	 18.		 Saunders	MI,	Dische	S.	Continuous,	hyperfractionated,	accelerated	radiotherapy	(CHART)	in	non-small	
cell	carcinoma	of 	the	bronchus.	Int J Radiat Oncol Biol Phys 1990, 19, 1211-1215.

	 19.		 Byhardt	RW,	Pajak	TF,	Emami	B,	Herscovic	A,	Doggett	RS,	Olsen	LA.	A	phase	I/II	study	to	evaluate	
accelerated	 fractionation	via	 concomitant	boost	 for	 squamous,	 adeno,	 and	 large	 cell	 carcinoma	of 	 the	
lung:	report	of 	the	Radiation	Therapy	Oncology	Group	84-07.	Int J Rad Oncol Biol Phys 1993, 26,	459-
468.

	 20.		 Schuster-Uitterhoeve	ALJ,	Hulshof 	MCCM,	Gonzalez	Gonzalez	D,	Koolen	M,	Sminia	P.	Feasibility	of 	
curative	radiotherapy	with	a	concomitant	boost	technique	in	33	patients	with	non-small	cell	lung	cancer.	
Radiother Oncol l993, 28, 247-251.

	 21.		 Van	Dyk	J,	Mah	K,	Keane	TJ.	Radiation-induced	 lung	damage:	dose-time-fractionation	considerations.	
Radiother Oncol l989, 14, 55-69.

	 22.		 Van	Harskamp	G,	Boven	E,	Vermorken	JB,	er	al.	Phase	II	trial	of 	combined	radiotherapy	and	daily	low	
dose	cisplatin	for	inoperable	locally	advanced	non	small	cell	lung	cancer.	

Int J Radiat Oncol Biol Phys 1987, 13, 1735-1738.
	 23.		 Hazuka	 M,	 Crowly	 J,	 Bunn	 P,	 O’Rourke	 M,	 Braun	 Th,	 Livingston	 R.	 Daily	 low	 dose	 cisplatin	 plus	

concurrent	high-dose	thoracic	irradiation	in	locally	advanced	unresectable	Non-Small-	Cell	Lung	Cancer:	
result	of 	a	phase	II	Southwest	Oncology	Group	Study.	J Clin Oncol	l994,	12,	1814-1820.

50



	 24.		 Tobias	 JS,	 Smith	 BJ,	 Blackman	 G,	 Finn	 G.	 Concurrent	 daily	 cisplatin	 and	 radiotherapy	 in	 localized	
squamous	carcinoma	of 	the	head-and-neck	and	bronchus.	Radiother Oncol l987, 9, 263-268.

	 25.		 Byhardt	RW,	Martin	L,	Pajak	TF,	Shin	KI-I,	Emami	B,	Cox	 JD.	The	 influence	of 	field	 size	 and	other	
treatment	factors	on	pulmonary	toxicity	following	hyperfractionated	irradiation	for	inoperable	non-small	
cell	 lung	cancer	 (NSCLC)	 -Analysis	of 	 a	Radiation	Therapy	Oncology	Group	 (RTOG)	protocol. Int J 
Radiat Oncol Biol Phys 1993, 22,	537-544.

C
hapter 3

51

Feasibility of curative radiotherapy w
ith a concom

itant boost 





A.L.J.	Uitterhoeve
J.S.A.	Belderbos
M.G.J.	Koolen

P.J.M.	van	der	Vaart
P.T.R.	Rodrigus

J.	Benraadt
C.C.E	Koning

D.	González	González
H.G.M.	Bartelink

European	Journal	of	Cancer	2000;36:592-600

4Chapter

Toxicity of high dose radiotherapy combined 
with daily cisplatin in non-small cell lung cancer: 
results of the EORTC 08912 phase I/II study



Abstract

The	purpose	of	this	work	was	to	study	the	feasibility	of	concurrent	chemoradiation	in	
patients	with	inoperable	Non-Small	Cell	Lung	Cancer	(NSCLC).	Forty	patients	with	
inoperable	NSCLC	were	treated	with	escalating	doses	of	radiotherapy	and	cisplatin	
(cDDP).	The	radiation	dose	was	increased	step	by	step	from	60.5	to	66	Gy	in	daily	
fractions	of	2.75	Gy.	Chemotherapy	was	also	increased	from	20	to	24	daily	doses	of	
cDDP	6	mg/m²	and	given	concurrently	with	radiotherapy.
A	dose	of	40	Gy/20	fraction	(fx)	was	given	to	the	EPTV	(elective	planning	target	volume)	
which	included	the	gross	tumor	volume	with	a	margin	of	2	cm	and	part	of	,	or	the	entire	
mediastinum.	During	each	session	a	boost	dose	of	0.75	Gy	was	given	simultaneously	to	
the	BPTV	(boost	planning	target	volume),	which	encompassed	the	GTV	(gross	tumor	
volume)	with	a	margin	of	1	cm,	for	the	first	20	fx,	so	the	total	dose	to	the	tumor	was	
55	Gy.	Cisplatin	6	mg/m²	was	given	1	h	prior	to	radiotherapy	at	each	fraction.	From	
then	on	the	dose	of	radiation	to	the	BPTV	and	the	dose	of	cDDP	were	increased	step	
by	step.
In	group	I	the	BPTV	was	irradiated	with	two	extra	fractions	of	2.75	Gy	to	a	total	dose	
of	60.5	Gy	without	cDDP.	In	group	II	the	same	total	dose	of	60.5	Gy	was	given	but	
the	last	2	fractions	were	combined	with	cDDP.	In	group	III	four	extra	fractions	of	
2.75	Gy	were	given	to	the	BPTV	to	a	total	dose	of	66	Gy,	only	two	of	these	fractions	
combined	with	cDDP.	Finally,	 in	group	IV	a	 total	dose	of	66	Gy	was	given	 in	24	
fractions,	all	fractions	combined	with	cDDP.	All	patients	were	planned	by	means	of	
a	CT-	based	conformal	 treatment	planning.	The	maximal	 length	of	 the	esophagus	
receiving	≥	60.5	Gy	was	11	cm.	
Forty	 patients	 were	 evaluable	 for	 acute	 and	 late	 toxicity	 and	 for	 survival.	 Acute	
toxicity	 grade	≥	 3	 (Common	Toxicity	Criteria,	CTC)	was	 rarely	observed;	nausea/
vomiting	 in	 3	 patients	 (8%),	 leucopenia	 in	 2	 patients	 (5%),	 thrombocytopenia	 in	
2	patients	 (5%),	whilst	 2	patients	 (5%)	 suffered	 from	 severe	weight	 loss.	Late	 side	
effects	(EORTC/RTOG)	were:	esophageal	toxicity	≥	grade	3	in	2	patients	(5%)	and	
radiation	pneumonitis	grades	1	(3%)	and	2	(3%)	in	one	patient	each.	Overall	actuarial	
1-	and	2-year	survival	was	53%	and	40%,	respectively.	The	1-	and	2	year	local	disease-
free	interval	was	65%	and	58%	respectively.	
Conclusion:	Radiotherapy	 at	 a	 dose	 of	 66	Gy/2.75	Gy/24	 fx	 combined	with	 daily	
cDDP	6	mg/m²	given	in	5	weeks	was	feasible	and	results	in	a	good	local	disease-free	
interval	and	a	good	survival	rate.	This	treatment	schedule	is	at	present	being	tested	as	
one	of	the	two	treatment	arms	of	EORTC	phase	III	study	protocol	08972/22973.	
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Introduction

Inoperable	non-small	cell	lung	cancer	(NSCLC)	is	the	most	common	cause	of	cancer	
mortality	 in	males	 in	 the	Western	world.	As	 the	 percentage	 of	 smokers	 since	 the	
1980s	has	been	steady	no	major	decrease	of	the	incidence	in	men	is	expected.	Female	
incidence	is	rising	[1,2].	Overall	the	5-year	survival	is	less	than	13%,	and	in	patients	
with	irresectable	disease	it	is	less	than	5%	[3].
Large	studies	have	shown	that	a	small	percentage	of	the	patients	with	irresectable,	
localized	disease	can	be	cured	with	radiotherapy	[4].	However,	even	after	using	the	
best	available	radiation	schedules	recurrences	in	the	radiation	field	are	observed	in	a	
substantial	percentage	of	the	patients	[5,6,7,8].
Patients	with	localized	NSCLC	presenting	with	good	prognostic	factors	have	a	better	
local-disease	 free	 and	 overall	 survival	 [4,9].	 Known	 treatment	 factors	 influencing	
local	disease-free	survival	in	localized	NSCLC	are	total	dose,	overall	treatment	time	
and	combined	administration	of	chemotherapy	[10,11,12,13,14,15,16].	
A	radiation	dose	of	60-66	Gy	with	conventional	fractionation	appears	to	be	the	maximal	
tolerated	dose	if	large	radiation	fields	are	used	[6].	As	a	dose-response	relationship	for	
NSCLC	has	 already	been	 established,	phase	 II	 studies	 actually	 focus	 to	 administer	
higher	doses	by	conformal	radiotherapy	techniques,	and	have	so	far	shown	promising	
results	[17,18,19],	which	still	are	to	be	confirmed	by	phase	III	study	data.
There	is	evidence	that	in	NSCLC	reduction	of	the	overall	treatment	time	might	lead	
to	a	better	local	control.	Saunders	and	Dische	prospectively	randomized	Continuous	
Hyperfractionated	Accelerated	Radiotherapy	 54	Gy/in	 36	 fractions	 (fx)	 in	 12	days	
(CHART)	 versus	 conventional	 radiotherapy	 (60	Gy/30	 fx/6	 weeks).	 A	 significant	
improvement	in	2-year	survival	was	seen	in	the	CHART	regimen	(29%)	compared	
to	 the	conventional	 arm	 (20%).	 In	addition,	 a	 significant	 reduction	 in	 local	 tumor	
progression	was	seen	in	the	CHART	arm	[10].	A	phase	II	study	with	hyperfractionated	
accelerated	radiotherapy	of	74,3	Gy/66-69	fx/33	days	has	also	shown	a	favorable	2-	
and	3-year	survival	[20].	After	retrospective	analysis	of	data	from	RTOG	studies	Cox	
found	that	prolongation	of	the	overall	treatment	time	in	patients	presenting	NSCLC	
with	good	prognostic	factors	might	result	in	decreased	survival	[21].

In	an	EORTC	phase	III	study	08844	Schaake-Koning	and	colleagues	demonstrated	
that	 radiotherapy	 combined	with	 daily	 administration	of	 6	mg/m²	 cDDP	 resulted	
in	 an	 improved	 local	 control	 and	 actuarial	 survival	 in	 patients	 with	 inoperable	
NSCLC	[12].	In	this	study	a	dose	of	55	Gy	was	administered	in	an	overall	treatment	
time	of	7-8	weeks	(3-4	weeks	split).	 	A	subsequent	phase	II	study	(EORTC	08912)	
demonstrated	 that	 the	 same	dose	of	55	Gy	could	be	given	 in	an	overall	 time	of	4	
instead	of	7-8	weeks	without	 increasing	toxicity	[22].	As	the	toxicity	of	55	Gy	in	4	
weeks	combined	with	daily	cDDP	6	mg/m²	was	considered	acceptable	in	the	previous	

C
hapter 4

55

EO
R

T
C

 08�12 2000



study,	a	new	feasibility	prospective	phase	II	study	was	undertaken	which	aimed	to	
increase	 the	dose	of	 radiation	 from	55	Gy/2.75	Gy/20	 fx	 to	66	Gy/2.75	Gy/24	 fx	
and	of	cDDP	doses	from	20	to	24	times	6	mg/m²	(120	to	144	mg/m²		total	dose).	
This	study	was	performed	under	the	auspices	of	the	EORTC	Radiotherapy	and	Lung	
Cancer	Cooperative	Groups.	Primary	endpoints	were	acute	toxicity	and	late	effects.	
Secondary	endpoints	were	survival	and	local	disease-free	interval.

Patients and methods

Between	October	1994	and	January	1997	44	patients	were	registered.	All	patients	were	
staged	by	physical	examination,	hematological	counts	and	biochemical	liver	function	
tests	as	well	as	creatinin	clearance,	bronchoscopy,	lung	function	tests	including	Vital	
Capacity	(VC),	Forced	Expiratory	Volume	(FeV1)	and	Carbon	Monoxide	Diffusion	
Capacity	 (DLCO),	 ECG,	 chest	 X-ray	 standard	 films	 and	 computed	 tomography	
(CT)	scan	of	the	thorax.	Liver	ultrasound,	bone	scan	and	CT	scan	of	the	brain	were	
performed	if	metastases	in	these	sites	were	suspected.
To	enter	the	study	patients	had	to	fulfill	the	following	criteria:	inoperable	NSCLC	T	
1-4,	N0-2,	M0	(UICC	1987),	histologically	or	cytologically	proven	NSCLC,	≤ 70 years 
of	age,	performance	status	0-1	(ECOG/	ZUBROD-WHO).
Excluded	were	patients	with	a	weight	loss	of	more		than	5%	during	the	last	3	months,	
patients	 with	 a	 creatinin	 clearance	 <	 70	ml/min,	 FeV1	 <	 1	 L,	 patients	 who	 had	
received	previous	chemo-	or	radiotherapy,	patients	with	any	history	of	cancer,	recent	
myocardial	 infarction,	 (<	6	months)	or	 evidence	of	heart	 failure	and	patients	with	
any	form	of	bone	marrow	hypoplasia	(haemoglobin	(Hb)	<	6.8	mmol/L,	W.B.C.	<	4	
x	10	9/L,	platelets	<	11	x	10	9/L).	Technical	exclusion	criteria	were:	impossibility	to	
limit	the	spinal	cord	dose	to	44	Gy,	impossibility	to	limit	the	maximal	length	of	the	
esophagus	receiving	66	Gy	or	40	Gy	to	11	cm	or	16	cm	respectively.

Acute and late side effects
Patients	were	 followed	 once	 a	week	 during	 treatment	 and	 until	 4	weeks	 after	 the	
treatment	was	concluded,	and	after	 that	at	 intervals	of	8	weeks.	Acute	 side	effects	
were	scored	for	weight	 loss,	nausea/vomiting,	esophagitis,	 renal	and	hematological	
toxicity.	 These	were	 registered	 according	 to	 the	Common	Toxicity	Criteria	 (CTC)	
(1998).	 Late	 toxicity	was	 expressed	 according	 to	 the	RTOG/EORTC	 scale.	Acute	
side	 effects	 included	 all	 reactions	 taking	place	 from	 the	 start	 of	 radiotherapy	 (day	
1)	through	day	84.	According	to	the	protocol	lung	function	tests	should	have	been	
repeated	6	and	12	months	after	end	of	treatment,	however	these	data	were	available	
only	in	a	number	of	the	patients	because	of	inadherence	to	the	follow-up	protocol.
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Evaluation of response
The	 first	 evaluation	 of	 response	 was	 done	 12	 weeks	 after	 start	 of	 treatment.	 For	
reasons	of	comparison	the	same	definition	was	used	as	in	EORTC	study	08844	and	
08912:	a	condition	in	which	no	clinical	signs	of	a	local	recurrence	were	present	and	
in	which	at	least	a	decrease	of	≥	50%	in	the	product	of	the	two	largest	perpendicular	
diameters	of	a	radiologically	measurable	disease	was	documented	[12,	22].	Due	to	the	
development	of	fibrotic	changes	in	the	irradiated	areas,	a	final	complete	disappearance	
of	all	tumors	on	the	chest	X-rays	was	often	impossible	to	evaluate.	Persistent	patchy	
or	dense	radiographic	abnormalities	or	lung	retraction,	stable	after	12	months,	were	
attributed	to	lung	fibrosis	due	to	irradiation.

Radiotherapy
All	 patients	 were	 treated	 with	 megavoltage	 photon	 beams	 ≥	 5	 MV	 energy.	 The	
Gross	Tumor	Volume	 (GTV)	was	defined	as	 the	primary	 tumor	and	 lymph	nodes	
with	a	short	axis	of	≥	1	cm	on	the	CT	scan.	The	Elective	Planning	Target	Volume	
(EPTV)	encompassed	GTV	and	the	first	lymph	node	drainage	group	not	considered	
as	pathological	plus	a	margin	of	1.5	cm	The	Boost	Planning	Target	Volume	(BPTV)	
included		the	GTV	with	a	1	cm	margin	of	normal	tissue.
To	 irradiate	 the	 EPTV	 two	 opposite	 anterior-posterior-posterior-anterior	 (AP-PA	
fields)	or	a	multiple	beam	arrangement	were	used.	The	prescribed	dose	was	40	Gy	in	
20	fractions	of	2	Gy	given	five	times	per	week.	The	dose	was	defined	according	to	the	
ICRU	50	report.	The	BPTV	was	irradiated	with	conformal	radiotherapy.	The	daily	
dose	to	the	BPTV	was	0.75	Gy	given	concurrently	with	the	treatment	of	the	EPTV	
during	the	first	20	fractions.	
After	a	total	dose	of	55	Gy,	the	dose	to	the	BPTV	was	step	by	step	increased	to	66	Gy.	
In	groups	I	and	II	two	additional	fractions	of	2.75	Gy	were	given	to	the	BPTV,	whilst	
in	groups	III	and	IV	four	additional	fractions	of	2.75	Gy	were	given.	So	the	total	dose	
to	the	BPTV	in	groups	I	and	II	was	60.5	Gy,	in	groups	III	and	IV	66	Gy.	The	overall	
treatment	time	in	groups	I	and	II	was	30	days,	in	groups	III	and	IV	32	days.	

Chemotherapy
Cisplatin	6	mg/m²	 i.v.(intravenously)	was	 administered	1-2	h	before	 irradiation.	The	
total	dose	of	cDDP	was	step-wise	increased	from	20	to	24	administrations	of	6	mg/m²	
cDDP	(total	dose	120-144	mg/m²).	Patients	included	in	group	I	received	cDDP	for	20	
fractions,	patients	in	group	II	and	III	for	22	fractions	and	patients	in	group	IV	for	24	
fractions.	A	daily	fluid	 intake	of	2	L	was	obligatory.	The	treatment	could	be	applied	
on	an	outpatient	basis,	but	generally	the	patients	were	hospitalized	for	the	first	week	
of	treatment.	A	minority	of	the	patients	was	admitted	for	the	entire	treatment.	If	the	
patient	had	esophagitis	grade	1	or	higher,	a	combination	of	the	cDDP	administration	
with	infusion	of	1	L	extra	fluid	was	considered.	In	case	of	a	decrease	in	the	creatinin	
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clearance	<	70	mL/min	or	 if	esophageal	 toxicity	grade	4	occurred,	administration	
of	cDDP	was	withheld.	The	treatment	was	interrupted	when	hematological	toxicity	
≥	 grade	3	was	observed.	Routine	use	of	5-HT3	antagonists	 to	 control	nausea	 and	
vomiting	was	advised.

Study design
In	treatment	group	I,	3	patients	were	to	be	included;	if	no	severe	acute	toxicity	was	
observed	the	next	3	patients	were	treated	according	to	treatment	schemes	II,	and	III	
respectively.	As	soon	as	grade	3	toxicity	was	seen	3	more	patients	were	to	be	treated	
in	that	treatment	group.	
At	 least	20	patients	were	to	be	 included	in	group	IV.	Survival	was	calculated	from	
the	date	of	diagnosis	 to	 the	 time	of	death	or	 last	 follow-up.	Local	 recurrence-free	
interval	was	calculated	from	the	first	day	of	radiotherapy.	Kaplan-Meyer	curves	were	
generated	for	local	recurrence-free	interval	and	overall	survival.	

Results 

Patient characteristics
Forty-four	patients	were	registered	for	the	study.	Four	patients	were	not	eligible,	3	
patients	had	N3	disease	and	1	patient	developed	a	lymphangitis	carcinomatosa	shortly	
before	start	of	treatment.	Forty	patients	were	evaluable	for	acute	and	late	toxicity,	and	
for	survival.	A	summary	of	 the	patient	characteristics	 is	presented	 in	Table	1.	The	
mean	 age	was	60	 years	 (range	39-70).	 Six	patients	presented	weight	 loss	>	5%.	 In	
1	patient	this	could	be	attributed	to	an	explorative	thoracotomy	and	in	the	other	5	
patients	to	a	recent	pulmonary	infection.		
The	vital	capacity	varied	between	64%	and	114%	of	the	normal	value	with	a	mean	
value	of	91%.	The	mean	FeV1	value	was	73%	with	a	range	of		42-102%.	The	DLCO	
diffusion	 varied	 between	 29%	 and	 100%	 with	 a	 mean	 of	 64%.	 In	 9	 patients	 a	
ventilation-perfusion	scintigraphy	was	performed	prior	to	radiotherapy	to	ascertain	
that	high	dose	radiotherapy	was	within	the	tolerance	limits.
In	34	patients	the	primary	tumor	was	located	in	the	upper	lobes,	in	three	patients	the	
tumor	originated	in	the	middle	lobe,	and	three	patients	had	a	tumor	in	the	lower	lobe	
or	in	a	combination	of	lobes.

Feasibility
In	treatment	groups	I,	II,	III	and	IV	4,	5,	6,	and	25	patients	were	entered	respectively.	
Group	 I-III	 encompassed	 more	 than	 3	 patients	 to	 compensate	 for	 unforeseen	
inevaluability.		Details	of	the	radiation	portals	are	presented	in	Table	2.
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The	dose	in	the	spinal	cord	exceeded	44	Gy/1.8	Gy	in	7	patients.	In	3	patients	the	dose	
was	45	Gy,	the	other	4	patients	received	a	dose	of	46,	47,	49	and	50	Gy	respectively.	In	
these	4	patients	the	localization	of	the	GTV	was	close	to	the	spinal	cord.	Despite	this	
protocol	violation	these	7	patients	were	judged	to	be	evaluable	for	toxicity	and	(local	
disease-free)	survival	as	the	administered	dose	to	the	GTV	was	correct.	
The	esophageal	dose	ranged	from	38-66	Gy	in	fractions	of	2.0	to	2.75	Gy.	Seventeen	
patients	had	an	esophageal	dose	>	60	Gy	(mean	length	11.4	cm,	range:	6-17),	in	13	
patients	the	dose	varied	between	51-60	Gy	(mean	length	11.4	cm,	range:	8-16),	 the	
remaining	10	patients	received	a	dose	≤	50	Gy	(mean	length	10	cm,	range:	8-13).	In	
several	patients	the	irradiated	length	of	the	esophagus	exceeded	the	limit	described	in	
the	technical	exclusion	criteria.	
These	patients	were	 included	 in	 the	 toxicity	analysis,	with	special	 attention	 to	 this	
parameter.	 The	 overall	 treatment	 time	was	 30-32	 days	 in	 33	 patients	 and,	 due	 to	
holidays,	33-35	days	in	5	patients.	In	1	patient	an	interruption	was	introduced	because	
of	subjective	toxicity	(overall	time	37	days)	and	in	another	patient	due	to	an	infectious	
pneumonia	(overall	time	47	days).	
Cisplatin	was	given	according	to	the	protocol	in	36	patients.	In	4	patients	a	protocol	
violation	was	noted	for	 the	following	reasons:	subjective	 toxicity	 in	1	patient	 (17	x	
cDDP),	logistic	reason	in	1	patient	(23	x	cDDP),	1	patient	received	20	x	cDDP	instead	
of	22	and	1	patient	received	22	fractions	of	cDDP	instead	of	20.	In	6	patients	cDDP	
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Table 1	Patient	characteristics
Number	of 	patients	(n=40)

N	(%)
Sex	(male/female) 31/9
Mean	age	(range) 60	(39-70)	years
Histology
Squamous 14	(35)
Adenocarcinoma 6	(15)
Large cell 14	(35)
NSCLC 6	(15)

Performance	status	
ECOG
0 16	(40)
1 24	(60)

Weight	loss	%
0 26	(65)
1-5 8	(20)
> 5 6	(15)

Stage 
T	1,2		N	0 2	(5)
T	3	N	0 1	(3)
T	1-3	N	2 16	(40)
T	4	N	0-2 21	(53)



was	withheld	prematurely	 because	of	 toxicity.	 In	 3	patients	 a	 decreased	 creatinine	
clearance	 was	 the	 reason	 to	 stop	 cDDP	 administration	 on	 days	 9,	 13	 and	 19	 of	
treatment	respectively.	Three	patients	developed	gastro-intestinal	side-effects	grade	2	
(2)	or	grade	3	(1);	therefore,	cDDP	was	withheld	after	days	12,	18	and	22.	
Three	patients	have	been	treated	surgically	with	a	pneumonectomy	12,	14	and	30	weeks	
after	 radiotherapy	 because	 evaluation	 showed	 a	 partial	 but	 not	 complete	 response	
and	the	patients	had	become	technically	operable.	At	pathological	examination	vital	
tumor	cells	were	found	at	the	primary	site	of	disease	 in	2	patients,	 in	1	patient	no	
tumor	residue	was	seen.	

Acute toxicity
Acute	toxicity	according	to	the	CTC	criteria	is	reported	in	Table	3.	In	6	patients	cDDP	
could	not	be	given	completely	according	to	the	protocol	because	of	acute,	reversible	
toxicity.	No	 interruption	of	 the	radiotherapy	scheme	due	 to	 toxicity	was	observed.	
Severe	acute	non-hematological	toxicity	grade	3-4	was	seen	in	6	patients	(15%).	Three	
patients	experienced	severe	nausea/vomiting	grade	3.	Severe	esophagitis	grade	3	was	
present	in	2	patients,	in	one	of	them	severe	weight	loss	was	present	as	well.	In	another	
patient	severe	weight	loss	(grade	3)	without	esophageal	toxicity	was	present.	In	these	

60

Table 2	Planned	target	volume	(PTV)	characteristics
No.	of		patients	EPTV No.	of 	patients	BPTV

Field	including:
Primary	tumor	only 1 13
Primary	tumor	and	ipsilateral	hilum - 5
Primary	tumor	and	part	mediastinum 18 22
Primary	tumor	and	entire	mediastinum 21 -
Length	of	the	field	(cm)

7-10 - 19
11-14 7 17
15-20 30 4
> 20 3 -

EPTV,	elective	planning	target	volume;	BPTV,	boost	planning	target	volume

Table 3	Acute	side-	effects	following	the	Common	Toxicity	Criteria	(CTC)	score
Grade	(CTC) N/V E WBC Pl Cr W

0 8 4 16 35 36 22
1 13 13 18 2 		4* 9
2 16 21 4 1 - 2
3 3 2 1 2 - 1
4 - - 1 - - 1
unknown - - - - - 1

total 40 40 40 40 40 40
*	excluded	2	x	decreased	creatinin	clearance,	no	CTC	toxicity	N/V:	nausea,	vomiting;	E:	esophagitis;	
WBC:	white	blood	count;	Pl:	platelets;	Cr:	creatinin;	W:	weight	loss.



patients	the	absorbed	esophageal	dose	was	65	and	66	Gy,	over	a	length	of	9	and	13	
cm	respectively.	No	dose	relationship	could	be	demonstrated	for	any	grade	of	acute	
esophageal	 toxicity.	At	 an	 absorbed	 esophageal	 dose	>	60	Gy,	 patients	presenting	
toxicity	grade	1-3	had	a	mean	irradiated	length	of	12	cm,	whilst	absence	of	toxicity	
was	correlated	with	a	mean	irradiated	length	of	9.5	cm.	Severe	hematological	toxicity	
was	observed	in	2	patients.	The	mean	field	area	of	the	EPTV	in	these	patients	was	
377	cm²;	patients	with	toxicity	grade	0	or	1-2	had	a	mean	field	area	of	236-244	cm²	
respectively.	The	mean	score	for	acute	toxicity	was	equal	for	patients	in	group	I-III	
and	for	patients	in	group	IV.	

Late toxicity 
Overall,	 late	 toxicity	 was	 observed	 in	 12	 patients.	 The	 actuarial	 late	 toxicity-free	
probability	 rate	 is	 presented	 in	 Figure	 1.	 The	median	 length	 of	 follow	 up	was	 21	
months	(range	of	2-44).	A	radiation	pneumonitis	was	seen	twice,	once	in	a	patient	
during	week	22	with	a	primary	tumour	in	the	upper	lobe	(grade	1),	the	other	patient	
had	a	lower	lobe	lesion	and	developed	pulmonary	toxicity	grade	2	in	week	25.	Both	
were	patients	treated	in	the	highest	dose	level	group	(IV).	No	severe	late	pulmonary	
toxicity	was	observed.
Late	esophageal	toxicity	occurred	in	10	patients	(25%)	(Table	4).	Six	patients	(15%)	
had	a	mild	esophagitis	grade	1;	another	2	patients	needed	a	liquid	diet	and	improved	
after	medication	(grade	2).	In	1	patient	severe	esophagitis	with	a	stenosis	at	week	25	
developed	for	which	dilatation	was	needed	(grade	3).	In	another	patient	haematemesis	
and	ulcera	were	observed	 in	week	13;	medication	and	a	 liquid	diet	were	continued	
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Figure 1	Actuarial	 late	 toxicity-free	 probability	 of 	 40	 patients	 treated	with	 escalating	 doses	 of 	
radiotherapy	60.5-66	Gy	combined	with	daily	cisplatin	6	mg/m².



for	6	months	(grade	4).	Thus,	severe	late	esophageal	toxicity	was	seen	in	2	patients	
(5%)	only.	The	mean	score	of	late	esophageal	toxicity	was	equal	in	patients	of	group	
I-II	and	for	patients	 in	group	IV.	Late	esophageal	 toxicity	was	correlated	with	 the	
administered	esophageal	radiation	dose.	
Late	esophageal	toxicity	(grade	2)	occurred	in	only	one	out	of	17	patients	(6%)	who	
received	 an	 esophageal	 dose	 of	 55	Gy,	whilst	 9	 out	 of	 23	 patients	 (39%)	with	 an	
absorbed	dose	>	55	Gy	had	late	toxicity.	No	other	severe	late	toxicity	was	reported.	
So	the	only	severe	late	toxicity	reported	was	in	the	esophagus,	in	2/40	patients	(5%).	
There	were	no	toxic	deaths.

Table 4	Late	side	effects,	according	to	the	EORTC/RTOG	scoring	system
Grade	(RTOG/EORTC) Esophagus	n	(%) Lung	n	(%)

0 30	(75) 38	(95)
1 6	(15) 1	(3)
2 2	(5) 1	(3)
3 1	(3) -
4 1	(3) -  

40 40

Figure 2 Crude survival of  
40	 patients	 with	 non-small	
cell	lung	cancer	treated	with		
escalating	 doses	 of 	 radio-
therapy	60.5-66	Gy,	combined	
with	daily	cisplatin	6	mg/m²	
20-	24	fractions.	

Figure 3 Local	 recurrence-
free	 interval	 of 	 40	 patients	
with	 non-small	 cell	 lung	
cancer	treated	with	escalating	
doses of  radiotherapy 60.5-
66	 Gy,	 combined	 with	 daily	
cisplatin	 6	 mg/m²	 in	 20-24	
fractions.
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Data	concerning	lung	function	tests	6	months	after	radiotherapy	were	available	for	
9	patients	(23%)	and	were	compared	to	the	pretreatment	values.	Vital	capacity	had	
remained	 unchanged	 in	 2	 patients,	 had	 improved	 in	 2	 (increase	 of	 10%	 and	 17%	
respectively)	and	decreased	in	another	5	patients	(mean	decrease	of	12%,	range:	5-
18).	 FeV1	 remained	 unchanged	 in	 3	 patients,	 increased	 in	 3	 (mean	 increase	 21%,	
range:	6-38)	and	decreased	in	3	patients	(mean	decreae	29%,	range:	5-24).	The	DLCO	
diffusion	capacity	decreased	in	5	patients	(mean	29%,	range:	11-42),	had	improved	in	
1	(100%)	and	had	remained	unchanged	in	1	patient.	
Overall	survival	data	are	presented	in	Figure	2.	At	the	moment	of	analysis	16	patients	
were	 alive.	 The	 median	 follow-up	 was	 21	 months	 (range:	 2-44).	 Median	 survival	
was	13.5	months.	The	overall	actuarial	1	and	2	year	local	recurrence	rates	were	53%	
and	40%	respectively.	Fourteen	out	of	40	patients	had	a	local	recurrence	(35%).	The	
actuarial	one	and	two	year	local	recurrence	rate	was	35%	and	42%	respectively,	the	
actuarial	local	recurrence-free	interval	is	shown	in	Figure	3.	Two	patients	treated	with	
surgery	had	residual	tumor	on	the	location	of	the	primary,	in	one	patient	no	tumor	
cells	were	found	at	microscopical	examination.

Discussion

In	 conclusion	 this	 study	 shows	 that	 it	 is	 feasible	 to	 treat	 selected	 patients	 having	
inoperable	 loco-regional	NSCLC	with	66	Gy	in	24	fractions	of	2.75	Gy,	combined	
with	daily	administration	of	6	mg/m2	cDDP	within	a	relatively	short	overall	treatment	
time	of	32	days.	 Severe	 acute	 toxicity	 is	 acceptable	 and	 severe	 late	 toxicity	 is	 rare.	

Table 5	Esophageal	 toxicity	 in	patients	with	NSCLC	 treated	with	 concurrent	 radiotherapy	 and	
platinum	containing	chemotherapy*.	
Author Radiotherapy

Gy/nr	fx/time
Chemo-therapy %	Acute	

grade	3/4
%	Late Remarks

Schaake	[12] 55/20	fx/7w CDDP 6 mg/m², daily 9 0
Jeremic	[11] 69.6/58	fx/6w Carbo	50mg

Vds 50 mg daily
8 5 No diff ± Chemo

Kelly	[33]														 60/40	fx/4w Carbo	25	mg/m²	daily 34 NR Post	RT	4	x	carbo	
350 mg/m²

Bardet	[34] 66/33	fx/6.6	w Carbo	15	mg/m²	daily 16 NR Induction	2	x	carbo/
VP16	=	post	RT	idem

Le	Pechoux	[31] 60/30	fx/6	w CDDP 6 mg/m² daily
Vds 2.5 mg/m² wkly

9 NR -

Byhardt	[13]			 60/30	fx/6	w CDDP/Vbl 6 4 Chemo	not	daily	given
Byhardt	[13] 69.6/58	fx/6	w CDDP/Vbl

or Etoposide
34 8 Chemo	not	daily	given

Present	study 66/24	fx/4.8	w CDDP 6 mg/m² daily 5 5
*Carbo:	Carboplatin,	Vds:	Vindesine,	Vbl:	Vinblastine,	Chemo:	chemotherapy,	NR:	not	reported
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Survival	and	local	control	are	promising.	Data	from	randomized	trials	in	squamous	
cell	carcinoma	of	the	head	and	neck	and	cervical	carcinoma	confirm	the	outcome	of	
EORTC	trial	08844:	namely	concurrent	radiotherapy	and	low	doses	of	cDDP	result	in	
an	improved	local	control	and	survival	[23,24,25,26,27,28].	The	present	study	offers	
the	possibility	of	applying	a	more	optimal	treatment	scheme	than	used	in	EORTC	
trial	08844,	where	55	Gy	in	20	fractions	of	2	Gy	were	given	in	an	overall	time	of	7-8	
weeks.
In	the	present	study,	the	observed	acute	side-effects	of	nausea/vomiting	are	generally	
mild	(29	out	of	40	patients),	only	3	patients	had	severe	toxicity.	In	this	protocol	the	
routine	use	of	5-HT3	antagonists	 to	 control	nausea	 and	vomiting	was	 advised.	 In	
three	patients	(one	patient	with	grade	3	and	2	patients	with	grade	2	toxicity)	nausea/
vomiting	was	 the	 reason	 to	 stop	 administration	 of	 cDDP.	 Side-effects	 of	 nausea/
vomiting	 appear	 to	be	more	 frequent	 in	 the	present	 study,	when	compared	 to	 the	
former	pilot	study	of	55	Gy/26	days/20	fx	with	cDDP	and	the	EORTC	randomized	
study.	This	could	be	attributed	to	the	higher	total	dose	of	cDDP	used	in	the	present	
study,	 namely	 144	 mg/m²	 versus	 120	 mg/m²	 [12,22].	 Hematological	 toxicity	 was	
reported,	but	was	generally	mild	(25/80	times	or	31	%).	Severe	hematological	toxicity	
was	observed	 four	 times	 in	2	patients	 (5%)	and	might	have	a	correlation	with	 the	
irradiated volume. 
Acute	renal	toxicity	is	infrequent	(4/40	patients,	10%)	and	reversible,	but	in	3	patients	
a	 decreased	 clearance	 led	 to	 early	 discontinuation	 of	 cDDP	 administration.	 The	
supplemental	i.v.	fluid	administration	in	case	of	insufficient	oral	intake	probably	has	
contributed	to	the	low	renal	toxicity	profile	of	this	treatment	scheme.	Other	authors	
who	combined	high-dose	radiotherapy	with	6	mg/m²	cDDP	daily,	did	not	observe	
either	renal	or	severe	hematological	toxicity	[23,29,30,31].	
The	majority	of	the	patients	develop	mild	or	moderate	esophagitis,	whilst	severe	acute	
esophageal	 toxicity	 is	 rare.	Graham	 reported	 a	 low	 incidence	 of	 acute	 esophageal	
toxicity	 (2/59	patients,	 3%)	 in	 a	 comparable	 treatment	 schedule	 of	 75	Gy	without	
cDDP	 [7].	 Armstrong	 and	 collegues	 also	 observed	 minimal	 acute	 toxicity	 in	 the	
same	 patient	 population	 with	 NSCLC	 after	 high-dose	 radiotherapy	 (70	 Gy)	 in	
conventional	fractionation	[32].	A	summary	of	esophageal	toxicity	found	in	patients	
receiving	concurrent	platinum	containing	chemotherapy	and	high-dose	radiotherapy	
is	presented	in	Table	5.	In	five	out	of	eight	studies	late	toxicity	remained	below	10%.	
However	 three	 series	 reported	 higher	 toxicity;	 Jeremic	 did	 not	 observe	 increased	
esophageal	 toxicity	 when	 combining	 radiotherapy	 69.6	 Gy	 /2	 x	 1.2	 Gy	 daily	 in	
NSCLC	or	70	Gy/2	Gy	in	head	and	neck	tumors	with	daily	cDDP	or	carboplatin	[23].	
Kelly	and	Byhardt	also	report	a	somewhat	higher	toxicity	but	both	used	high-dose	
hyperfractionated	radiotherapy	[13,33].	Bardet	and	collegues	reported	an	incidence	of	
severe	esophageal	toxicity	of	16%	after	combination	of	high-dose	radiotherapy	and	
concomitant	carboplatin	in	patients	with	NSCLC,	but	this	treatment	was	preceded	
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by	polychemotherapy	[34].	Le	Pechoux	observed	a	rate	of	9%	severe	acute	toxicity	
when	combining	cDDP	6	mg/m²	daily	and	vindesine	weekly	with	hyperfractionated	
radiotherapy	 60	Gy/6	weeks,	 followed	 by	 two	 cycles	 of	 chemotherapy	 in	 patients	
with	inoperable	NSCLC.	She	also	mentioned	a	non-significant	relationship	between	
the	 tumor	 size	 and	 late	 esophageal	 toxicity	 [31].	 In	 the	present	 study	 the	 fact	 that	
no	more	 than	 25	 and	 33%	of	 the	 total	 length	 of	 the	 esophagus	was	 irradiated	 to	
a	 high	 dose	might	 have	 contributed	 to	 the	 acceptable	 tolerance;	 the	 length	 of	 the	
esophagus	 receiving	 a	 dose	≥	 60	Gy	 seemed	 to	 be	 correlated	 with	 acute	 toxicity.	
Radiation	pneumonitis	does	not	seem	to	be	a	dose-limiting	factor	for	this	treatment	
scheme,	despite	the	high	fraction	size	[35].	Assuming	an	a/b	of	3	Gy	for	radiation	
pneumonitis,	the	prescribed	dose	is	comparable	to	76	Gy/2	Gy	(a/b is the ratio of the 
coefficients	for	single	and	multiple	hit	killing).	Late	responding	tissues	have	low	a/b 
ratios,	early	reacting	tissues	have	high	values.	As	no	dose	volume	histograms	(DVH’s)	
or	mean	radiation	dose	to	the	lungs	were	available,	we	could	not	estimate	the	expected	
probability	for	radiation	pneumonitis,	based	on	the	total	lung	volume	receiving	>	20	
Gy,	the	Veff	or	the	mean	lung	dose	[36,37,38].	The	addition	of	cDDP	does	not	seem	
to	increase	the	risk	of	a	radiation	pneumonitis	[12,15,29,31,39].	The	location	of	the	
primary	tumor	in	the	upper	lobe,	restriction	of	the	field	sizes	and	conformal	shaped	
boost	fields	might	be	factors	contributing	to	the	low	risk	of	radiation	pneumonitis	in	
this	study	[36,37,39].	It	must	be	emphasized	that	one	of	the	patients	with	a	radiation	
pneumonitis	had	a	lower	lobe	tumor.	

Late	esophageal	toxicity	was	observed	in	10	out	of	40	patients	(25%)	but	appeared	to	
be	transient	in	most	patients.	Severe	late	morbidity	was	infrequent	and	only	seen	in	2	
out	of	the	21	patients	(10%)	who	received	≥	60	Gy	to	the	esophagus.	This	is	less	than	
expected	from	the	data	of	Emami	and	collegues,	but	in	agreement	with	other	reports	
in	 the	 literature	 [40].	A	toxicity	analysis	of	five	studies	performed	by	the	RTOG	in	
which radiotherapy ≥	60	Gy	was	combined	with	platinum-containing	chemotherapy	
regimens	 showed	 	 that	 conventional	 radiotherapy	 combined	 with	 concurrent	 or	
sequential	 chemotherapy	 yielded	 an	 incidence	 of	 late	 esophageal	 toxicity	 of	 1-6%.	
However,	if	concurrent	chemotherapy	was	combined	with	69.9	Gy	hyperfractionated	
radiotherapy	 a	 significantly	 higher	 incidence	 of	 34%	 was	 seen.	 In	 these	 studies	
multimodality	chemotherapy	was	applied	and	the	doses	were	higher	than	in	our	pilot	
study	[13].
Data	of	 2-year	 overall	 survival	 and	 local	 recurrence-free	 interval	 of	 this	 study	 are	
in	 agreement	 with	 other	 reports	 of	 concurrent	 chemoradiation	 using	 platinum	
containing	regimens	and	high-dose	radiotherapy	≥	60	Gy	in	patients	with	NSCLC	
stage	IIIA-IIIB	[11,13,15,31,33].
Assuming	an	α/β	ratio	of	10	Gy	for	tumor,	this	scheme	equals	a	dose	of	70	Gy	in	
conventional	fractions	of	2	Gy.
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Following	the	meta-analysis,	the	NSCLC	Collaborative	Group	suggested	induction	
chemotherapy	as	the	standard	treatment.	However,	its	gain	in	survival	is	only	modest,	
only	4%	at	two	years	and	2%	at	5	years	[41].	The	mechanisms	by	which	this	superior	
result	 is	 achieved	 are	not	 yet	 clear.	Of	 all	 phase	 III	 studies	only	 2	 show	a	benefit	
in	 survival	due	 to	an	 influence	on	 the	 rate	of	 appearance	of	distant	metastases	 [5,	
42].	The	RTOG	8808	study,	which	compared	standard	radiotherapy	alone	(60	Gy/	
6	 weeks)	 with	 standard	 radiotherapy	 and	 induction	 cisplatin/vinblastine	 or	 with	
hyperfractionated	radiotherapy	69	.6	Gy	in	6	weeks,	confirms	the	data	of	Dillman,	
but	 the	 improvement	 in	 survival	 seems	 less	 than	 found	 in	 the	Dillman	study	 [43].	
Moreover,	the	optimal	way	of	combining	radiation	and	chemotherapy	remains	to	be	
established	[41].	Recent	analysis	of	the	RTOG	of	this	subject	suggests	improved	local	
control	and	survival	for	concurrent	chemo-radiation	in	selected	patients	[13].	Several	
studies	on	the	question	about	scheduling	chemo-radiation	 in	NSCLC	are	ongoing.	
The	investigated	schedules	in	general	include	platinum	and	taxol	derivative.
In	a	phase	II	study	(EORTC	08955)	the	combination	of	cDDP	and	gemcitabin	resulted	
in	a	response	rate	of	70-80%	in	patients	with	inoperable	NSCLC	stage	IIIA;	toxicity	
of	this	treatment	followed	by	radiotherapy	60	Gy/2	Gy	is	tolerable	[44].	The	EORTC	
Lung	Cancer	and	Radiotherapy	Cooperative	Groups	have	started	a	randomized	phase	
III	study	in	which	concurrent	chemo-radiation	66	Gy/24	fx	with	daily	administration	
of	cDDP	6	mg/m²	(the	scheme	of	this	feasibility	study)	will	be	compared	to	induction	
cDDP	and	gemcitabin	followed	by	the	same	radiation	schedule	(66	Gy/24	fx)	without	
cDDP daily.
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Randomized trial of sequential versus 
concurrent chemo-radiotherapy in patients 
with inoperable non-small cell lung cancer 
(EORTC  08972-22973) 



Abstract

Methods:	One	hundred	and	fifty-eight	patients	were	randomized	to	receive	2	courses	
of	gemcitabine	(1250	mg/m2	day	1,8)	and	cisplatin	(75	mg/m2 day 2) prior to, or daily 
low-dose	cisplatin	(6	mg/m2)	concurrent	with	radiotherapy	consisting	of	24	fractions	
of	2.75	Gy	in	32	days,	with	a	total	dose	of	66	Gy.	
Results:	 Acute	 haematological	 toxicity	 Grade	 3/4	 was	 more	 pronounced	 in	 the	
sequential	 (S)	 (30%	 vs.	 6%),	 esophagitis	 Grade	 3/4	 was	 more	 frequent	 in	 the	
concurrent	arm	(C)	 (5%	vs.	14%).	Late	esophagitis	Grade	3	was	4%	in	both	arms.	
Pneumonitis	Grade	 3/4	 14%	 (S)	 and	 18%	 (C).	 Because	 of	 the	 poor	 power	 of	 the	
study	no	significant	differences	in	median	survival	(MS),	overall	survival	(OS)	and	
progression-free	survival	(PFS)	survival	could	be	detected.	MS	was	16.2	(S)	and	16.5	
(C)	months,	2-yr	OS	was	34%	(S)	and	39%	(C),	3-yr	OS	22%	(S)	and	34%	(C).
Conclusion:	Radiotherapy	66	Gy	given	concurrently	with	daily	low-dose	cisplatin	or	
after	two	courses	of	gemcitabine/cisplatin	was	well	tolerated.	Due	to	early	closure	no	
clear	conclusions	can	be	reached	on	the	relative	merits;	both	arms	showed	good	OS.
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Introduction

Until	the	mid-eighties	standard	treatment	of	patients	with	inoperable	locally	advanced	
non-small	cell	lung	cancer	(NSCLC)	consisted	of	radiotherapy	alone	and	the	5-year	
survival	rates	did	not	exceed	5%	[22,26].	Survival	figures	doubled	when	radiotherapy	
was	 preceded	 by	 platinum-containing	 chemotherapy	 [10,18,21,25].	 Chemotherapy	
given	 concurrently	 with	 radiotherapy	 resulted	 in	 a	 significant	 improvement	 over	
radiotherapy	alone	also,	as	was	shown	in	the	EORTC	08844	study	[27].	This	is	in	line	
with	in	vitro	and	in	vivo	studies	[3].	However	the	split-course	radiotherapy	regimen	
used	 in	 EORTC	 08844	 study	 was	 considered	 as	 suboptimal.	 Subsequent	 studies	
showed	 that	 daily	 low	 dose	 cisplatin	 could	 be	 safely	 combined	 with	 continuous	
accelerated	radiotherapy	[30].	
In	the	following	phase	II	EORTC	08912	study,	the	feasibility	of	dose	escalation	from	
55	Gy	 to	 66	Gy	was	 investigated	 using	 a	 concomitant	 boost	 technique	 [34].	 This	
resulted	in	a	radiotherapy	fractionation	schedule	of	66	Gy	given	in	24	fractions	in	an	
overall	treatment	time	(OTT)	of	32-34	days,	combined	with	daily	cisplatin	(6	mg/m2), 
total	dose	144	mg/m2.	We	started	a	randomized	trial	to	compare	concurrent	chemo-
radiotherapy	(CRT)	and	sequential	CRT	for	inoperable	NSCLC	patients	Stage	I-III.	

Patients and methods

Patients	with	 inoperable	NSCLC	Stage	T1-4N0-3	 (excluding	N3	 disease	 based	 on	
supraclavicular	nodes)	were	randomized	to	receive	sequential	or	concurrent	CRT.	
All	 patients	 had	 good	 prognostic	 features	 (weight	 loss	 ≤10%	 in	 the	 preceding	 3	
months	and	WHO	0	or	1).	All	patients	had	a	FEV1≥1	l	and	a	diffusion-capacity	of	
60%	at	least.
	The	trial	protocol	was	approved	by	the	EORTC	Protocol	Review	Committee	and	by	the	
medical	ethics	committee	of	the	participating	institutions.	Patients	were	randomized	
after	written	informed	consent.	Randomization	was	stratified	for	performance	status	
(0	 versus	 1),	 TNM	 Stage	 (I	 and	 II	 versus	 III)	 and	 institution.	 Patients	 scheduled	
for	 sequential	 CRT,	 received	 two	 courses	 of	 gemcitabine	 (1250	 mg/m2 day 1,8) 
and	 cisplatin	 (75	mg/m2 day	 2)	with	 a	 three-weeks	 interval.	 The	 concurrent	CRT	
consisted	of	daily	 low-dose	cisplatin	 (6	mg/m2)	1-2	hours	before	each	 fraction.	 In	
both	treatment	arms	patients	received	accelerated	high-dose	conformal	radiotherapy;	
66	Gy	in	24	fractions	(2.75	Gy	per	fraction)	in	32	days.	Elective	nodal	irradiation	(40	
Gy	in	20	fractions)	was	given;	for	N0	disease,	the	homolateral	hilar	region,	for	N1-	or	
N2	disease,	the	mediastinum	(with	the	exception	of	the	lower	para-esophageal	lymph	
nodes).	For	N2	disease	the	homolateral	supraclavicular	area	was	included	as	well.	The	
elective	nodal	irradiation	was	given	with	two	opposing	anterior-posterior	fields.	The	
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daily	dose	to	the	GTV	was	2.75	Gy,	resulting	in	a	dose	of	55	Gy	to	the	GTV	after	
20	fractions.	Then	a	boost	to	the	GTV	was	given	of	4	fractions	of	2.75	Gy	up	to	66	
Gy.	The	length	of	the	esophagus	irradiated	in	the	elective	fields	was	restricted	to	18	
cm	while	the	length	of	the	esophagus	in	the	boost	fields	was	restricted	to	12	cm	[34].	
These	 restrictions	 excluded	patients	with	 large	 tumors.	Before	 randomization,	 the	
radiation	oncologist	had	to	decide	whether	the	tumor	volume	allowed	the	delivery	of	
the	radiotherapy	treatment	according	to	these	esophageal	constraints.

Baseline and Response Evaluation
Within	four	weeks	before	start	of	treatment	and	six	weeks	after	the	end	of	the	irradiation	
a	medical	history,	physical	examination,	performance	status,	laboratory	values,	chest	
X-ray,	bronchoscopy,	CT-scan	of	the	thorax	and	upper	abdomen,	lung-function	and	
a	quality-of-life	questionnaire	were	obtained.	Only	 few	patients	were	 staged	using	
18FDG-PET	scan	or	mediastinoscopy.	Prior	 to	every	course	of	chemotherapy,	and	
once	 a	week	during	 the	 irradiation,	 a	medical	 history,	weight,	 performance	 status,	
physical	 examination,	 and	 complete	 blood	 count	 tests	were	performed.	Acute	 and	
late	toxicity	was	scored	using	the	RTOG/EORTC	criteria.	After	completion	of	the	
treatment,	patients	were	followed	every	2	months	until	disease	progression	or	death.	

Statistical analysis
Primary	 endpoint	 of	 this	 trial	was	 overall	 survival.	 Secondary	 endpoints	 included	
disease-free	 survival,	 local	 control,	 acute	 and	 late	 toxicities,	 and	 quality	 of	 life.	
Statistical	considerations	of	the	protocol	were	as	follows:	assuming	a	one-year	survival	
in	 the	 control	 group	 (concurrent	 CRT	 and	 daily	 cisplatin)	 of	 approximately	 45%,	
189	deaths	per	arm	(total	378	deaths)	were	calculated	to	detect	an	absolute	increase	
of	10%	in	the	one-year	survival,	 i.e.	from	45%	to	55%	with	two-sided	type	I	error	
of	0.05	and	a	power	of	80%.	Following	 the	 recommendations	of	 the	 Independent	
Data	Monitoring	Committee,	 the	Lung	Cancer	Group	and	 the	EORTC	Executive	
Committee	decided	to	terminate	this	trial	prematurely	after	inclusion	of	158	patients	
due to poor accrual.
Primary	analysis	of	overall	survival	was	based	on	the	intent-to-treat	principle.	Overall	
survival	was	defined	by	the	time	interval	between	randomization	and	death	due	to	
any	cause	calculated	according	the	Kaplan-Meier	method.	Patients	still	alive	at	 the	
time	of	the	analysis	were	censored	at	the	last	date	known	to	be	alive.	Progression-free	
survival	was	measured	 from	 randomization	 until	 progression	 or	 death	 due	 to	 any	
cause	(whichever	occured	first).	Patients	alive	and	without	progression	at	the	time	of	
the	analysis	were	censored	at	the	last	date	known	to	be	alive.
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Results 

Patients characteristics
Between	 February	 1999	 and	 March	 2003,	 158	 patients	 were	 randomly	 assigned	
between	concurrent	and	sequential	CRT.	Eighty	patients	(50.6%)	were	randomized	
to	the	concurrent	arm	(control)	and	seventy-eight	patients	(49.4%)	were	randomized	
to	the	sequential	arm	(experimental).	Patients	characteristics	are	presented	in	Table1.	
Median	 age	was	 63	 years.	A	 total	 of	 93%	of	 the	 patients	 had	 Stage	 IIIA	 or	 IIIB	
disease.	There	was	imbalance	in	Stage	distribution	over	the	two	treatment	arms.	In	
the	sequential	arm	47.4%	of	the	patients	had	Stage		IIIB	disease	and	in	the	concurrent	
arm	 this	 percentage	was	 63.8%.	 In	 12.5%	of	 the	 patients	 treated	with	 concurrent	

Table1 Characteristics	of 	randomized	patients	(N=158)
Characteristic Sequential	arm	(N=78)			% Concurrent	arm	(N=80)			%
Age	(years)
median 64 62
range [46-78] [36-78]

Sex
Male 78 74
Female 22 26

WHO	performance
0 42 44
1 58 56

Lung	function
FEV1	(median)	liters 2.3 2.1
Diffusion	capacity	(median)	% 81 79

Clinical	Stage
I 3 1
II 4 5
IIIA 45 30
IIIB 47 64
Unknown* 1 0

Histology/cytology
Squamous 40 40
Adenocarcinoma 32 24
NSCLC	not	specified 19 34
Mixed	adeno	squamous 1 0
Other 8 3

Delay	diagnosis-randomization
≤30	days 41 55
≤56 days 42 29
>56 days 17 16

*	This	patient	had	a	local	recurrence	after	lobectomy	(T2N0	status)
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CRT	N3-disease	was	diagnosed,	this	percentage	was	4%	in	the	patients	treated	with	
sequential	CRT.	Histological	subtype	was	mainly	squamous	cell	carcinoma	(39.9%),	
adenocarcinoma	(27.8%)	or	NSCLC	not-specified	(26.6%).	
The	delay	between	the	date	of	diagnosis	(pathology-report)	and	the	randomization	
was	median	34	days	in	the	sequential	CRT	arm	and	29	days	for	the	patients	treated	in	
the	concurrent	CRT	arm.	For	16.5%	of	all	patients	randomized	this	delay	was	more	
than	56	days	(equally	divided	over	both	treatment	arms).

Protocol adherence 
Data	 of	 the	 treatment	 compliance	 are	 shown	 in	 Table	 2.	 A	 total	 of	 76	 patients	
(97.4%)	in	the	sequential	arm	and	66	(82.5%)	in	the	concurrent	arm	actually	started	
protocol	treatment.	Among	the	patients	in	the	sequential	arm,	84.2%	received	their	

Table2	Protocol	adherence,	treatment	delay	and	overall	treatment	time	radiotherapy
Sequential	arm

Number	of	patients			(%)
Concurrent	arm

Number	of	patients			(%)
All	patients 78 80
Treatment	not	started 0 12
No chemotherapy 0 2
No radiotherapy 2 0
Chemo/radio started 76		(97%) 66		(83%)
Full dose chemotherapy 64		(84%) 54		(82%)
Full dose radiotherapy 74		(97%) 64		(97%)

Sequential	arm	(N=76)
Median	number	of 	days	(range)

Concurrent	arm	(N=66)	
Median	number	of 	days	(range)

Delay	randomization-start	CT 7		(1-20) 19		(4-47)
Delay	randomization-start	RT 62		(44-97) 19		(4-47)
Overall	treatment	time	RT 32		(12-42) 32		(22-38)

Figure1	EORTC	08972-22973	treatment	scheme
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chemotherapy	without	dose	modification	and	no	 treatment	delay	was	 reported	 for	
80.3%	of	the	patients.	
For	the	66	patients	in	the	concurrent	arm	who	started	allocated	protocol	treatment,	
chemotherapy	was	temporarily	suspended	in	18	patients.	In	thirteen	patients	this	was	
because	of	 technical,	 administrative	or	 logistic	 reasons,	 in	five	patients	because	of	
toxicity.	The	cisplatin	administration	was	stopped	before	completion	in	12	patients	
due	 to	 renal	 toxicity	 (4	patients),	 congestive	hart	 failure	 (1	patient),	haematological	
toxicity	(1	patient),	esophageal	toxicity	(1	patient)	or	other	reasons	(5	patients).	In	two	
patients	radiotherapy	was	prematurely	stopped,	in	one	patient	because	of	congestive	
heart	failure,	and	in	another	patient	because	of	progressive	disease.	The	median	dose	
administered	to	the	esophagus	was	66	Gy	in	both	arms.	The	median	length	of	the	
esophagus	irradiated	in	the	elective	and	boost	fields	was	similar	in	the	sequential	and	
concurrent	arm	(14.4	versus	14	cm	and	10.5	versus	10.9	cm	respectively).	

Table 3A	Severe	acute	non-
hematological	toxicity

Table 3B Severe acute 
hematological	toxicity

Table 3C	Severe	late	toxicity
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Acute and late toxicity
Toxicity	was	scored	for	all	patients	who	started	protocol	treatment	(76	patients	in	the	
sequential	arm	and	66	patients	in	the	concurrent	arm).	Severe	acute	non-haematological	
toxicity	is	presented	in	Table	3A	and	severe	acute	haematological	toxicity	in	Table	3B.	
Acute	esophagitis	Grade	3	occurred	 in	9	patients	 (14%)	and	Grade	4	 in	2	patients	
(3%)	 in	 the	concurrent	arm.	 In	 the	sequential	 arm	only	4	patients	 (5%)	developed	
acute	esophagitis	Grade	3	and	no	Grade	4	esophagitis	was	scored.
Acute	haematological	toxicity	was	more	pronounced	in	the	sequential	arm	with	the	
occurrence	of	severe	granulocytopenia	Grade	3	in	13	patients	(17%)	and	Grade	4	in	
3	patients	 (4%).	The	worst	granulocytes	values	were	1.5	 (S)	 (range	0.4-7.9)	and	3.5	
(C)	(range	0.8-9.6).	In	four	patients	acute	non-haematological	toxicity	was	the	main	
reason	for	stopping	protocol	treatment.	
Late	toxicity	data	are	summarized	in	Table	3C.	The	higher	incidence	of	severe	acute	
esophageal	 toxicity	 in	 the	 concurrent	 arm	 did	 not	 result	 in	 a	 higher	 incidence	 of	
severe	 late	 toxicity.	Late	esophagitis	Grade	3	occurs	 in	4%	and	5%	of	 the	patients	
in	 the	 sequential	 and	 concurrent	 arm,	 however	 Grade	 1	 and	 Grade	 2	 was	 more	
frequent	in	the	concurrent	arm	(22%	versus	11%).	Late	lung	toxicity	was	similar	in	
both	 treatment	 groups.	Other	 late	 toxicities	 consisted	 of	 pain	 in	 the	 chest	 and/or	
shoulders	and	were	slightly	more	frequent	in	the	concurrent	arm	(15%	versus	8%).	
Two	patients	in	the	sequential	arm	developed	late	Grade	4	cardiac	toxicity.	Fatal	lung-
haemorrhage,	possibly	treatment	related,	was	observed	in	one	patient	treated	in	the	
sequential	and	in	one	patient	treated	in	the	concurrent	arm.

Clinical response, overall survival and progression-free survival
A	 complete	 or	 partial	 response	 (according	 to	 the	WHO-criteria)	 was	 achieved	 in	
53	patients	 in	the	sequential	treatment	arm	and	40	patients	 in	the	concurrent	arm.	
Considering	 all	 patients	 who	 started	 protocol	 treatment,	 this	 corresponds	 to	 a	
response	rate	of	69.7%	(95%	CI:	58.1-79.8)	 for	 the	sequential	 treatment	and	60.8%	
(95%	CI:	47.8-2.4)	for	the	concurrent	treatment	(N.S.,	p=0.290).

At	39	months	of	median	follow-up	the	incidence	of	loco-regional	tumor	progression	
and	the	development	of	distant	metastases	were	similar	for	both	treatment	groups.	
In	both	treatment	arms	56	patients	progressed.	Among	the	patients	who	progressed,	
loco-	regional	progression	was	reported	in	43%	in	the	sequential	arm	and	in	46%	in	
the	concurrent	arm.	
Distant	metastases	were	observed	 in	 50%	of	 the	patients	 in	both	 treatment	 arms.	
Some	patients	 experienced	both	 loco-regional	 and	distant	progression	at	 the	 same	
time	 (7.1%	of	 the	patients	who	progressed	 in	 the	 sequential	 arm	 and	 3.6%	 in	 the	
concurrent	arm).	
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At	 the	moment	 of	 this	 analysis	 62	 patients	 (79.5%)	 in	 the	 sequential	 arm	 and	 58	
patients	 (72.5%)	 in	 the	 concurrent	 arm	 have	 died.	 The	 median	 survival	 for	 the	
sequential	and	concurrent	arm	was	16.2	months	(95%	CI:	12.8-22.6)	and	16.5	months	
(95%	CI:	11.3-24.3)	respectively.	The	1-yr	survival	for	the	sequential	and	concurrent	
arm	was	69%	(95%	CI:	58.7-79.3)	and	55.9%	(95%	CI:	45.0-66.9),	 respectively,	 the	
2-yr	survival	33.6	(95%	CI:	23.0-44.2)	and	38.5%	(95%	CI:	27.6-49.4),	respectively,	
and	the	3-yr	survival	was	21.6%	(95%	CI:	12.0	–31.2)	and	29.2%	(95%	CI:	0-43.1),	
respectively	(Fig.	1).	We	observed	a	hazard	ratio	of	1.06	(95%	CI:	074-1.52).	

Figure 2 Overall	survival	by	treatment	group

Table 4	 Published	 randomized	 trials	 comparing	 concurrent	 (C)	 chemo-radiotherapy	 versus	
sequential	(S)	chemo-radiotherapy,	the	number	of 	patients	included	(N)	and	the	one-and	two	year	
survival rates.
Author N 1	-yr	survival	% 2-yr	survival	%

C S C S
Furuse et al.13 1999 320 65 56 37 29
Curran	et	al.9	2003 402 63 57 37 31
Zatloukal	et	al.36	2004 102 69 53 34 14
Fournel	et	al.12	2005 205 56 56 35 23
EORTC	08972-22973 158 56 69 39 34
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With	 65	 events	 in	 the	 sequential	 arm	 and	 70	 in	 the	 concurrent	 arm	 a	 median	
progression-free	survival	of	10.8	months	(S)	(95%	CI:	9.0-15.0)	and	8.5	months	(C)	
(95%		CI:	6.4-10.9)	was	observed	(Fig.	2)	and	a	1-yr	PFS	of	44.5%	(S)	(95%	CI:	33.4-
55.6)	and	36.3%	(C)	(95%	CI:	25.7-46.8),	corresponding	to	a	hazard	ratio	of	0.79	(95%	
CI: 0.56-1.10). 

Discussion

The	question	whether	CRT	should	be	given	 in	a	sequential	or	concurrent	way	has	
not	been	answered	in	this	trial.	Unfortunately	our	study	with	a	total	of	158	patients	
randomized	and	120	deaths	reported	was	underpowered	and	results	need	to	be
interpreted	carefully.	Severe	acute	haematological	toxicity	was	more	pronounced	in	the	
sequential	treatment	and	consisted	mainly	of	severe	granulocytopenia.	This	did	not	
lead	to	an	increase	of	clinical	symptoms.	In	the	meta-analysis	of	Rowell	no	significant	
difference	in	neutrocytopenia	was	observed	between	sequential	and	concurrent	CRT	
[24].	However,	in	this	analysis	standard	poly-chemotherapy	schedules	are	compared,	
with	higher	doses	of	chemotherapy	in	the	concurrent	treatment	arms	than	those	used	
in	our	study.	

Figure 3 Progression-free	survival
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Severe	acute	esophagitis	in	our	study	was	more	frequent	in	the	concurrent	treatment	
arm.	Late	esophageal	toxicity	Grade	1	or	Grade	2	was	more	frequent	in	the	concurrent	
arm	but	with	similar	occurrence	of	late	Grade	3	toxicity.	This	is	in	agreement	with	
data	from	the	meta-analysis	of	concurrent	versus	sequential	CRT	[24].	
Belderbos	et al.	concluded	that	the	most	significant	clinical	parameter	to	predict	acute	
esophageal	toxicity	was	the	concurrent	use	of	CRT,	but	late	esophageal	toxicity	was	
not	 analyzed	 [6].	 Ahn	 [1]	 described	 patients	with	 severe	 acute	 esophageal	 toxicity	
having	a	higher	risk	for	 late	toxicity.	The	severity	of	acute	esophageal	 toxicity	also	
correlated	with	the	severity	of	late	esophageal	toxicity	[31].	Other	factors	determining	
the	 risk	 for	 esophagitis	 are	 the	 maximum	 dose	 to	 the	 esophagus,	 the	 volume	 of	
the	esophagus	receiving	35	Gy	or	more	and	the	length	of	the	irradiated	esophagus	
[1,6,31,32].	In	our	treatment	protocol	the	length	of	the	esophagus	receiving	a	dose	of	
66	Gy	was	restricted	to	12	cm,	according	to	the	outcome	of	previous	phase	II	studies	
[29,30,34].	
Severe	 late	 pulmonary	 toxicity	 was	 similar	 in	 both	 treatment	 arms.	 This	 is	 in	
agreement	with	the	results	of	 the	meta-analysis	of	Rowell	 [24].	In	this	analysis	 the	
incidence	of	lung	fibrosis	and/or	radiation	pneumonitis	was	not	significantly	different	
for	sequential	or	concurrent	CRT.	
No	significant	difference	in	overall	survival	or	progression-free	survival	between	the	
treatment	arms	was	observed,	however,	with	a	total	of	120	deaths,	the	actual	power	
of	this	study	was	much	lower	than	what	was	actually	foreseen	in	the	protocol.	
Several	 phase-III	 studies	 examined	 the	 optimal	 way	 of	 combining	 chemotherapy	
with	radiotherapy.	Published	randomized	trials	comparing	concurrent	versus	sequential	
chemo-radiotherapy	 are	 summarized	 in	 Table	 4.	 In	 2005	 the	 Locally	 Advanced	
Multimodality	 Protocol	 (LAMMP)	 trial	 demonstrated	 the	 superiority	 of	 concurrent	
CRT	if	paclitaxel	and	carboplatin	were	used	[5].	The	survival	results	of	sequential	CRT	
in	 the	present	 study	 compare	 favorably	 to	 the	data	of	Fournel	 and	Zatloukal.	 In	 this	
trial	cisplatin	and	gemcitabin	were	given,	while	in	the	other	studies	a	combination	with	
a	Vinca-alkaloid	was	used	[9,12,13,36].	The	combination	of	gemcitabin	and	cisplatin	has	
reported	response	rates	up	to	80%	[8,20,35].	A	meta-analysis	of	different	chemotherapy	
combinations	 suggested	 that	 the	 combination	 of	 cisplatin	 with	 gemcitabin	 might	 be	
more	active	than	other	platinum	combinations	[20].	In	this	trial	however	we	did	not	use	
standard	chemotherapy	but	low-dose	cisplatin	as	a	radiosensitizer	in	the	concurrent	arm.
In	the	meta-analysis	of	Rowell	combination	of	concurrent	low-dose	cisplatin	(<150	
mg/m2)	or	carboplatin	(<700	mg/m2)	with	irradiation	appeared	to	be	ineffective	to	
improve	outcome	compared	to	radiotherapy	alone.	Indeed	several	low-dose	platinum-
based	trials	were	negative,	but	in	these	schedules	carboplatin	was	used	[2,7,11].	Even	
using	a	high-dose	of	carboplatin	840	mg/m2	with	continuous	infusion,	Groen	et al. 
could	not	demonstrate	improved	survival	[15].	Another	trial	with	cisplatin	(daily	6	mg/
m2)	was	negative	also,	but	the	administered	radiation	dose	was	45	Gy	only	[33].	This	
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might	indicate	that	cisplatin	is	a	more	potent	radiosensitizer	than	carboplatin.	This	
is	supported	by	the	results	of	concurrent	CRT	in	cervix	cancer	where	combination	
with	cisplatin	is	used	as	well	[14].	The	addition	of	5-FU	to	cisplatin	did	not	result	in	
better	survival,	but	was	more	toxic	[14].	In	head	and	neck	cancer	the	benefit	of	adding	
chemotherapy	to	radiation	therapy on	patient	survival	compared	with	radiotherapy	
alone	has	been demonstrated	by	a	large	meta-analysis	of	trials	[23].	Interestingly,	the	
survival benefit	was	confined	to	the	concurrent	use	of	chemotherapy and	radiation.	In	
summary	combined	use	of	chemotherapy	and	radiotherapy	in	the	treatment	of	solid	
tumors	favors	concurrent	CRT	[4].	In	the	Cochrane	meta-analysis,	the	chemotherapy	
intensity	(daily,	weekly,	two-	or	four-weekly)	had	no	influence	on	the	relative	risk	of	
survival,	 although	a	 trend	was	 seen	 for	a	better	outcome	 if	 the	chemotherapy	was	
given	more	frequently	[24].	
In	our	study	the	radiotherapy	dose	applied	was	high	(66	Gy),	and	the	OTT	of	32-34	
days	was	 short	 compared	 to	 other	 studies.	 The	Biological	 Equivalent	Dose	 of	 66	
Gy	in	fractions	of	2.75	Gy		equals	70	Gy	in	fractions	of	2	Gy	for	an	α/β	ratio	of	10	
Gy.	Furuse	used	a	dose	of	56	Gy	in	fractions	of	2	Gy	and	a	split	course.	Curran	and	
Zatloukal	prescribed	60	Gy	in	2	Gy	per	fraction.	Fournel	applied	a	dose	of	66	Gy	in	
fractions	of	2	Gy,	with	an	OTT	of	45	days.	The	studies	of	Schild,	Keene	and	Jeremic,	
in	which	 high	 radiation	 doses	were	 given	 in	 short	OTT	 combined	with	 low-dose	
cisplatin	(5-7.5	mg/m2)	or	low-dose	carboplatin	and	paclitaxel,	showed	promising	5-
year	survival	rates	of	25%,	23%	and	36%	respectively	[16,17,28].	
Combination	of	concurrent	 low-dose	cisplatin	with	radiation	appears	to	be	a	good	
option,	 especially	 if	 standard	poly-chemotherapy	 together	with	 radiotherapy	 is	not	
possible,	for	instance	in	elderly,	frail	patients	with	marginal	renal	or	cardiac	function.	
In	our	opinion	there	is	no	evidence	that	concurrent	standard	poly-chemotherapy	is	
superior	to	daily	low-dose	cisplatin	alone,	if	combined	with	high	dose	irradiation.	

In summary

Accelerated	high-dose	radiotherapy	given	concurrently	with	daily	low-dose	cisplatin	
or	after	two	courses	of	gemcitabine	and	cisplatin	was	well	tolerated	in	a	large	group	
of	 inoperable	 NSCLC	 patients.	 Delays	 in	 starting	 treatment	 were	 longer	 in	 the	
concurrent	arm.	Because	of	the	premature	closure	of	this	trial,	no	definite	conclusions	
concerning	superiority	of	concurrent	or	sequential	CRT	can	be	made.	Both	schedules	
are	 active	 combinations	 with	 results	 similar	 to	 other	 phase	 III	 trials	 comparing	
sequential	versus	concurrent	CRT.	A	meta-analysis	is	to	be	awaited.
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Abstract

Background
Results	 of	 high-dose	 chemo-radiotherapy	 (CRT),	 using	 the	 treatment	 schedules	of	
EORTC	 study	 08972/22973	 or	 radiotherapy	 alone	 (RT)	 were	 analyzed	 among	 all	
patients	(pts)	with	Non	Small	Cell	Lung	Cancer	(NSCLC)	treated	with	curative	intent	
in	our	department	from	1995-2004.

Material
Included	are	131	pts	with	medically	inoperable	or	irresectable	NSCLC	(TNM	stage	
I:15 pts, IIB:15 pts, IIIA:68pts, IIIB:32 pts, X:1 pt). 

Treatment
Group	I: Concomitant	CRT:	66	Gy	/2.75	Gy/24	 fractions	 (fx)	/33	days	combined	
with	daily	administration	of	Cisplatin	6	mg/m2	:	56	pts	(standard).	
Group	 II:	 Sequential	 CRT:	 two	 courses	 of	 a	 21-day	 schedule	 of	 chemotherapy	
(Gemcitabin	 1250	mg/m2	 d1,	Cisplatin	 75	mg/m2	d2)	 followed	by	 66Gy/2.75Gy/
24fx/33days	without	daily	Cisplatin:	26	pts.
Group	III:	RT:	66	Gy/2.75Gy/24fx/33days	or	60Gy/3Gy/20fx/26	days:	49	pts.

Results
The	 1,	 2,	 and	 5	 year	 actuarial	 overall	 survival	 (OS)	 were	 46%,	 24%,	 and	 15%,	
respectively.
At	 multivariate	 analysis	 the	 only	 factor	 with	 a	 significantly	 positive	 influence	 on	
OS	was	treatment	with	chemo-radiation	(P	=	0.024)	(1-,	2-	and	5-yr	OS	56%,	30%	
and	22%	respectively).	The	incidence	of	local	recurrence	was	36	%,	the	incidence	of	
distant	metastases	46	%.
Late	complications	grade	3	were	seen	in	21	pts	and	grade	4	in	4	pts.	One	patient	had	
a	lethal	complication	(oesophageal).	For	32	patients	insufficient	data	were	present	to	
assess	late	complications.

Conclusion
Implementation	of	the	treatment	schedule	of	EORTC	08972/22973	in	our	department,	
which	 consisted	 of	 radiotherapy	 (66	 Gy/24	 fx/33	 days)	 combined	 with	 either	
concomitant	daily	low	dose	cisplatin	or	with	neo-adjuvant	sequential	chemotherapy	
with	gemcitabin	and	cisplatin,	was	feasible	and	yielded	comparable	outcome.	



Introduction

Worldwide	and	in	Europe	lung	cancer	is	the	most	common	cause	of	cancer	related-
death		with	an	increasing	incidence	each	year.	The	majority	of	patients	has	Non-Small	
Cell	Lung	Cancer	(NSCLC)	and	75	%	have	advanced	disease	at	the	time	of	diagnosis.	
Since	the	mean	age	at	diagnosis	is	around	66	years	it	is	often	found	in	elderly	patients	
with	co-morbidity	[1-3].

Adaptation	of	our	treatment	policy	has	been	guided	by	the	results	of	several	subsequent	
EORTC	studies	in	which	we	participated.	The	results	of	EORTC	08844	indicated	that	
combination	of	radiotherapy	with	daily	low-dose	cisplatin	is	superior	to	radiotherapy	
alone	or	combined	with	weekly	cisplatin	[4].	One	of	the	criticisms	of	that	study	was	that	
the	radiotherapy	schedule	was	given	as	a	split	course	regimen	up	to	55	Gy	.	
In	our	institute	a	treatment	schedule	of	60	Gy	in	3	Gy	fractions	during	26	days	using	
a	 concomitant	 boost	 technique	 was	 investigated	 and	 appeared	 to	 be	 feasible	 [5].	
A	 subsequent	 feasibility	 study	 showed	 that	 the	 split	 period,	 part	 of	 the	 treatment	
regimen	 of	 EORTC-08844,	 could	 be	 left	 out	 [6].	 This	 resulted	 in	 a	 radiotherapy	
schedule	of	55	Gy,	given	in	20	fractions	 in	an	overall	 treatment	time	(OTT)	of	26	
days,	 combined	 with	 daily	 cisplatin	 (6	 mg/m2).	 In	 EORTC-08912,	 the	 feasibility	
of	increasing	the	radiotherapy	dose	up	to	66	Gy	in	24	fractions	of	2.75	Gy	using	a	
concomitant	boost	technique	was	demonstrated	[7].	Every	radiotherapy	fraction	was	
preceded	by	administration	of	cisplatin	6	mg/m2.	The	standard	radiotherapy	dose	in	
combination	therapy	evolved	thus	from	a	dose	of	55	Gy	split	course	in	1995	to	66	Gy	
continuously	in	1997.
Since	 1997	 we	 have	 participated	 in	 EORTC-08972/22973.	 In	 this	 trial	 sequential	
versus	concurrent	radio-chemotherapy	has	been	studied	[8].	The	radiotherapy	in	this	
study	consisted	of	66	Gy	given	in	24	fractions	of	2.75	Gy.	This	was	combined	with	
chemotherapy,	given	either	sequentially	as	two	neo-adjuvant	courses	of	cisplatin	and	
gemcitabin	or	concomitant	with	daily	cisplatin	(6	mg/m2).	For	patients	who	did	not	
participate	in		the	EORTC	study,	standard	treatment	was	offered	which	was	equal	to	
the	concomitant	treatment	arm.	
Radiotherapy	 as	 sole	 treatment	 was	 offered	 if	 combined	 radio-chemotherapy	 was	
medically	contra-indicated	or	if	patients	refused	this	option.	In	this	situation	an	alternative	
radiotherapy	schedule	was	used	sometimes	(60	Gy	in	20	fractions	of	3	Gy)	[5].		

Treatment	 outcome	 for	 patients	 with	 locally	 advanced	 irresectable	 or	 inoperable	
NSCLC	treated	between	1995	and	2004	is	analysed	here	in	a	retrospective	study.			 C
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Material and methods

Between	 1995	 and	 2004	 131	 patients	 with	 inoperable	 NSCLC	 were	 accepted	 for	
accelerated	radiotherapy	with	curative	intent.
All	patients	were	staged	by	means	of	physical	examination,	haematological	counts,	
renal	 and	 liver	 function	 tests,	 chest	X-rays	 and	 contrast-enhanced	CT-scan	 of	 the	
thorax	and	upper	abdomen.	Pathological	diagnosis	was	obtained	by	bronchoscopy	or	
cytological	puncture.
Lung	function	tests	and	Carbon	Monoxide	Diffusion	Capacity	(DLCO)	were	part	of	
the	routine	work-up.
Bone-scan	and	CT-scan	or	MRI	of	the	brain	were	performed	if	metastases	at	these	
sites	were	suspected.		18	FDG	PET	was	introduced	as	a	routine	staging	procedure	in	
our	clinic	in	2004.	Therefore	the	majority	of	patients	was	not	staged	by	means	of	a	
PET	scan.	

To	be	eligible	for	high-dose	radiotherapy	with	curative	 intent	patients	had	to	fulfil	
the	 following	 criteria:	 inoperable	 or	 irresectable	 NSCLC,	 T1-4,	 N0-2,	 M0	 [9],	
pathologically	proven	NSCLC	or	clinical	and	radiological	suspicion	for	malignancy,	
and	ECOG	performance	score	0-2.	Patients	with	unexplained	weight-loss	of	more	
than	5	%	in	3	months	or	10	%	in	6	months	were	excluded.
If	the	forced	expiratory	volume	at	1	second	(FeV1)	was	less	than	1	litre	or	DLCO	<	
50	%,	eligibility	depended	on	the	result	of	the	radiotherapy	planning	Dose-Volume	
Histogram	 of	 the	 lung.	 Decision-making	 was	 based	 upon	 the	 mean	 lung	 dose	
according	to	the	publication	of	Kwa	et	al	[10].
Patients	were	also	excluded	if	the	length	of	the	oesophagus	receiving	66Gy	exceeded	
12	cm	according	to	EORTC-08912	[7].	
To	 be	 eligible	 for	 chemotherapy	 patients	 should	 have	 adequate	 renal	 and	 cardiac	
function.
Standard	 treatment	consisted	of	high-dose	radiotherapy	with	concomitant	daily	 low-
dose	cisplatin	[7;8].	Some	patient	received	sequential	chemo-radiation.	If	chemotherapy	
was	contra-indicated	or	refused,	radiotherapy	was	offered	as	single	modality.
Patients	with	a	superior	sulcus	tumour	were	discussed	with	the	thoracic	surgeon	after	
chemo-radiation.	In	selected	cases	a	resection	was	performed.

Radiotherapy
All	patients	were	planned	by	means	of	a	CT-scan	in	treatment	position.	
The	Gross	Tumor	Volume	(GTV)	was	defined	as	the	primary	tumour	and	pathological	
lymph	nodes	with	a	short	axis	>	10	mm	on	the	CT-scan.
The	Boost	Planning	Target	Volume	(BPTV)	included	the	GTV	with	a	margin	of	12-15	
mm	in	the	lung	,	depending	on	the	respiratory	movements	as	seen	under	fluoroscopy	

88



and	 10	 mm	 in	 the	 mediastinum.	 The	 Elective	 Planning	 Target	 Volume	 (EPTV)	
encompassed	the	BPTV	and	the	first	lymph	node	drainage	group	not	considered	as	
pathological. 
In	 general	 the	 EPTV	 was	 irradiated	 with	 two	 opposite	 anterior-posterior	 and	
posterior-anterior	conformal	fields	(AP-PA).	The	dose	administered	was	40	Gy	in	20	
daily	fractions	of	2	Gy.
All	fractions	were	given	5	times	a	week	
The	 BPTV	 was	 irradiated	 with	 conformal	 fields.	 The	 daily	 fraction	 dose	 to	 the	
BPTV	was	2.75	Gy,	given	in	24	fractions	to	a	total	dose	of	66	Gy.	For	the	first	20	
fractions	 a	 concomitant	 boost	 technique	was	 used.	The	EPTV	 received	 2	Gy	per	
fraction	and	an	extra	dose	of	0.75	Gy	was	given	in	the	same	session	to	the	BPTV.	The	
planned	overall	treatment	time	(OTT)	varied	between	32	and	34	days.	The	dose	was	
defined	according	to	the	ICRU	50	report	[11].	The	fractionation	schedule	in	case	of	
radiotherapy	only,	consisted	of	20	daily	fractions	of	3	Gy	to	a	total	dose	of	60	Gy	with	
an	overall	treatment	time	of	26	to28	days.	
The	maximal	dose	to	the	spinal	cord	was	50	Gy	in	fractions	of	2	Gy	or	the	equivalent	
dose. 
The	maximal	length	of	the	oesophagus	irradiated	to	40	Gy,	and	to	66	Gy,	was	18	cm,	
and	12	cm,	respectively.
All	patients	were	treated	with	10MV	photon	beams.
 
Chemotherapy
Two	schedules	of	chemotherapy	were	used.	Concurrent	chemotherapy	consisted	of	
cisplatin	 (6	mg/m2	 intravenously)	 administered	 1-2	 hours	 before	 each	 fraction	 of	
radiotherapy.	The	planned	total	dose	of	cisplatin	was	144	mg/m2.	In	the	sequential	
schedule	patients	started	with	chemotherapy	consisting	of	two	courses	of	gemcitabin	
(1250	mg/m2	on	days	1	and	8	and	cisplatin	75	mg/m2	on	day	2).	The	second	course	
started	on	day	22.	The	radiotherapy	was	given	3	to	4	weeks	after	the	last	gemcitabin	
dose,	usually	on	day	57.

Toxicity
Late	oesophageal	 toxicity	 and	 radiation	pneumonitis	were	 scored	according	 to	 the	
RTOG/EORTC		criteria	[12].	

Statistical analysis
Local	recurrence-free,	distant	recurrence-free	,	and	overall	survival	were	calculated	
from the last day of radiotherapy. 
Local	 recurrence	was	 defined	 as	 a	 situation	 in	which	 clinical	 or	 radiological	 signs	
of	 tumour	 progression	 were	 observed	 within	 the	 radiation	 portals.	 The	 Kaplan-
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Meier	method	was	used	to	estimate	the	probability	of	local	recurrence-free,	distant	
recurrence-free	and	overall	survival	[13].
The	log-rank	test	was	used	to	test	differences	between	groups.	To	evaluate	association	
between	prognostic	factors	and	overall	survival	a	Cox	proportional	hazard	analysis	
was	 performed	 to	 obtain	 hazard	 ratio’s	 (HR)	 and	 95%	 confidence	 intervals	 (CI).	
The	 prognostic	 factors	 that	 were	 evaluated	 were:	 sex,	 age	 (continuous),	 ECOG	
performance	score	(0-1	vs	2),	pathology	stage	(I	vs.		II	vs.	III),	radiotherapy	dose	(55-
60Gy	vs.	>60Gy)	and	chemotherapy.
The	prognostic	factors	were	removed	step	by	step	from	the	model	using	the	Wald	
statistic	to	assess	statistical	significance.	A	P-value	equal	to	or	<	0.05	was	considered	
statistically	significant.
Three	patients	who	did	not	finish	radiotherapy	and	received	a	dose	less	than	55Gy	
were	left	out	of	the	multivariate	analysis.
Statistical	analysis	was	performed	with	Statistical	Package	for	Social	Sciences,	version	
12.0	(SPSS,	Chicago,	IL,	USA).		

Results

A	 total	 of	 131	 patients	 was	 treated	 with	 high-dose	 radiotherapy	 with	 or	 without	
chemotherapy.
In	 56	 cases	 the	 radiotherapy	was	 combined	with	 concomitant	 cisplatin	 and	 in	 26	
cases	with	2	courses	of	neo-adjuvant	cisplatin	and	gemcitabin.	 In	 total	49	patients	
received radiotherapy without chemotherapy. 

A	summary	of	patient	characteristics	 is	presented	in	table	1.	The	mean	age	was	66	
years	(range	30-85).	For	patients	receiving	concomitant	chemo-radiation,	sequential	
chemo-radiation	or	radiation	alone	the	mean	age	was	62,	61,	and	71	years,	respectively.	
Twenty	 patients	 have	 presented	with	weight	 loss	>	 5	%	 for	which	 a	 possible	 not	
tumour	related	cause	was	available.
The	FeV1	value	was	known	for	119	patients,	with	a	mean	of	77	%	(range	30-125%).	
The	DLCO	was	available	for	77	patients	with	a	mean	of	78%	(range	30-121%).

Treatment characteristics
A	summary	of	treatment	parameters	is	presented	in	table	2.
One	patient	received	a	dose	of	67.5	Gy	for	compensation	of	a	split	period.	
For	25	patients	 the	 total	dose	 to	 the	BPTV	was	60	Gy	 in	 fractions	of	3	Gy.	One	
patient	received	63	Gy	in	fractions	of	3	Gy	for	compensation	of	a	split	period.
For	5	patients	a	dose	of	55	Gy	in	daily	fractions	of	2.75	Gy	was	administered.	For	one	
patient	the	mean	lung	dose	was	considered	too	high	for	a	dose	of	66	Gy,	for	another	
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patient	the	length	of	the	oesophagus	receiving	a	daily	fraction	of	2.75	Gy	was	14.3	cm	
which	was	judged	too	long	for	a	total	dose	of	66	Gy.	For	3	patients	it	was	not	clear	
why	the	maximal	dose	was	reduced	to	55	Gy.	For	3	other	patients	the	dose	given	was	
below	50	Gy;	in	two	patients	because	of	progressive	distant	disease	and	another	died	
during	the	treatment	period	for	unknown	reasons.	
Among	86	patients	the	Elective	Planning	Treatment	Volume	(EPTV)	was	irradiated	
to	a	dose	of	40	Gy	in	fractions	of	2	Gy.
The	mean	overall	treatment	time	was	33	days	(range	21-57).

Table 1	Patient	characteristics	of 	131	patients	treated	with	high	dose	accelerated	radiotherapy	with	
or without chemotherapy
Patient	characteristics Number	of 	patients
Male/female	(mean	age) 89/42	(66y)
Performance	(ECOG	scale)

0/1/2 28/76/27
Pathology
Adenocarcinoma 18
Squamous	cell	carcinoma 39
Large	cell	carcinoma 60
Undifferentiated	carcinoma 8
No pathology 6

TNM	stage
I/IIB/IIIA/IIIB 15/15/68/32
Unclassifiable 1

Table 2	Radiotherapy	characteristics	of 	131	patients	treated	with	high-dose	accelerated	radiotherapy	
with or without chemotherapy
Radiotherapy	characteristics
Dose	BPTV	(Gy) number	of 	patients
<	50 3
55 5
60 25
63 1
66 96
67 1

Overall	Treatment	Time(days)
<26 3
26-31 35
32-34 59
35-39 29
43-57 5 C
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Figure 1	Actuarial	overall	survival	of 	131	patients	
treated with high dose accelerated radiotherapy 
with or without chemotherapy

Figure 2	 Local-recurrence	 free	 interval	 for	
131	 patients	 treated	 with	 accelerated	 high-dose	
radiotherapy with or without chemotherapy

Figure 3 Distant-metastasis	 free	 interval	 for	
131	 patients	 treated	 with	 accelerated	 high-dose	
radiotherapy with or without chemotherapy
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Survival
The	1,	2,	and	5-year	survival	rates	were	46%,	24%,	and	15%	respectively,	the	median	
follow-up	was	10.5	months	(95%	CI	7.9	to	13.1)	(fig	1).	Disease-free	survival	at	1,	2,	
and	5	years	was	38%,	30%,	and	25%,	respectively.	

The	 absolute	 incidence	 of	 a	 local	 recurrence	 was	 36%,	 the	 incidence	 of	 distant	
metastases	46%.	Local	relapse-free	survival	at	1,	2,	and	5	years	was	64%,	56%,		and	
47	%,	respectively	(fig	2).	Distant	relapse-free	survival	at	1,	2	and	5	years	was	61%,	
49%	and	46%,	respectively	(fig	3).

Prognostic factors
Factors	with	 a	 significantly	 favourable	 influence	 on	 overall	 survival	were:	 chemo-
radiotherapy	 (P=0.01),	 performance	 status	 0	 or	 1	 (P=0.04)	 and	 age	 <	 58	 years	
(P=0.05).	 	There	was	no	statistically	 significant	difference	 in	OS	between	 the	 two	
means	of	chemotherapy	administration.	When	separately	analysed	only	concomitant	
chemo-radiation	 yielded	 a	 significant	 survival	 benefit,	 compared	 to	 radiotherapy	
as	single	modality	(median	survival	time	13.4	months	(95%	CI	10.7	to	16.1)	vs.	9.4	
months	(95%	CI	7.5	to	11.4);	P=0.01;	figure	4).	Patients	receiving	only	radiotherapy	
were	older	and	had	more	often	an	ECOG	performance	score	more	than	1.	
At	multivariate	analysis	only	treatment	with	chemo-radiation	was	left	as	a	prognostic	
factor	 for	 OS	 (P=0.024).	 The	 HR	 for	 OS	 of	 sequential	 compared	 to	 concurrent	
chemotherapy	was	1.18	(95%	CI	0.65	to	2.13;	P=0.583),	and	for	no	chemotherapy	vs.	

Figure 4 Actuarial overall survival of  
patients	 treated	 with	 high-dose	 accelerated	
radiotherapy	with	concomitant	chemotherapy,	
with	 sequential	 chemotherapy	 or	 without	
chemotherapy
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concurrent	chemotherapy	1.84	(95%	CI	1.17	to	2.88;	P=0.08).	The	radiation	dose	had	
no	influence	on	the	survival,	 irrespective	of	the	treatment	modality.	The	improved	
OS	of	chemo-radiation	was	apparent	in	patients	up	to	70	years	as	well	as	in	patients	
>	 70	 years.	Disease-free	 survival	 (DFS)	 at	 5	 years	 for	 patients	 who	 had	 received	
concomitant	radio-chemotherapy	was	30%.	This	was	superior	to	the	5	years	DFS	for	
patients	treated	with	sequential	radio-chemotherapy	(20%)	and	for	the	group	treated	
with	radiotherapy	alone	(18%),	but	the	differences	were	not	statistically	significant.	
Age	and	stage	had	no	influence	on	DFS.

At	the	moment	of	analysis	32	patients	were	alive.	Fifteen	patients	had	survived	more	
than	36	months.	Two	underwent	a	lobectomy	after	the	end	of	radiotherapy.

Toxicity
For	19	patients	data	to	assess	late	toxicity	were	not	sufficiently	available;	for	13	patients	
the	follow-up	was	too	short.	Thus	data	about	late	toxicity	are	available	for	99	patients	
(table	3).
The	four	patients	with	late	grade	4	toxicity	were	all	treated	with	concurrent	chemo-
radiation.	One	patient	died	of	uncontrolled	complications	of	an	oesophageal	fistula.	
In	 this	patient,	with	very	extensive	mediastinal	nodal	disease,	 the	oesophagus	was	
irradiated	over	a	length	of	14.3	cm	to	66	Gy.	

Table 3	 Late	 toxicity	 for	 131	 patients	 treated	 with	 high-dose	 accelerated	 radiotherapy	 with	 or	
without	chemotherapyLate	toxicity		(RTOG/EORTC)
Grade 0 1-2 3 4 not	evaluable unknown

Number	of	patients 66 8 21* 4** 13 19
*			pulmonary	17,	oesophageal	3,	cardiac	1
**	pulmonary	1,	oesophageal	2	(1	lethal),	neuropathy	1

Discussion

Our	 overall	 survival	 rates	 are	 in	 accordance	 with	 recently	 published	 results	 by	
other	authors	[8;14-21].	Survival	 in	our	series	 is	significantly	better	among	patients	
treated	with	a	combination	of	chemo-	and	radiotherapy	which	is	the	only	prognostic	
factor	in	multivariate	analysis.	An	effect	of	selection	bias	cannot	be	ruled	out,	since	
concomitant	chemo-radiation	was	standard	treatment	in	our	department.	

No	 significant	 difference	 in	 survival	 between	 concomitant	 and	 sequential	
administration	 of	 chemotherapy	 is	 observed	 in	 our	 series.	 The	 optimal	 way	 of	
combining	 chemotherapy	 with	 radiation	 is	 studied	 in	 several	 phase	 III	 studies	
and	 in	 a	 meta-analysis.	 These	 studies	 indicate	 that	 concurrent	 administration	 of	
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chemotherapy	and	radiotherapy	is	superior	to	sequential	administration	[15-18;21-24].	
The	Locally	Advanced	Multi-Modality	 Protocol	 also	 demonstrated	 the	 superiority	
of	 concurrent	CRT	 [25].	EORTC	study	08972/22973	was	underpowered	 to	detect	
a	significant	difference	between	concurrent	and	sequential	chemo-radiotherapy,	but	
showed	good	results	in	both	arms	[8].	In	the	present	study	we	were	able	to	reproduce	
the	results	of	 the	EORTC	trial	 in	a	non-selected	patient	population	outside	of	 the	
setting	of	 a	 randomised	 trial.	 In	our	 series	 the	5-year	overall	 survival	 is	 23	%	 for	
the	concomitant	CRT	schedule,	which	is	comparable	to	the	5-year	survival	data	of	
concomitant	chemo-radiotherapy	of	others	 [17;18;21].	Curran	et	al.	does	not	report	
5-year	 overall	 survival	 data,	 but	 a	 2-year	 survival	 rate	 of	 37%	 for	 patients	 treated	
concomitantly,	which	is	somewhat	higher	than	in	our	series	[16].	All	of	these	studies	
followed	platinum-based	multi-agent	standard	chemotherapy	schedules	with	higher	
cumulative	doses	of	cisplatin	than	in	our	study	except	for	the	EORTC	trial.	

There	 is	 no	 convincing	 evidence	 that	 concomitant	 standard	 poly-chemotherapy	 is	
superior	 to	 daily	 low-dose	 cisplatin	 alone,	 if	 it	 is	 combined	with	 a	 high	 radiation	
dose.	 In	 one	 trial	 addition	 of	 concomitant	 cisplatin	 (daily	 6	 mg/m2)	 showed	 no	
improvement,	but	the	administered	radiation	dose	was	only	45	Gy	[26].	Carboplatin	
might	 be	 less	 effective	 as	 a	 radiosensitizer	 for	NSCLC,	 as	 several	 low-dose	 single	
agent	carboplatin	studies	were	negative.	A	two-drug	combination	(carboplatin	plus	
etoposide)	was	better	than	single	agent	only	for	carboplatin	based	trials	[27-34].

Epidemiological	 studies	 show	 that	 with	 increasing	 age	 the	 percentage	 of	 people	
treated	with	chemotherapy	and	chemo-radiation	decreases	and	that	treatment	is	an	
independent	 prognostic	 factor	while	 age	 does	 not	 play	 a	 role	 in	 stage	 III	 and	 IV	
NSCLC	[20;35-37].	Although	Aupérin	describes	an	adverse	effect	of	chemo-radiation	
compared	 to	 radiation	 alone	 for	 patients	 older	 than	 60	 years,	 this	 effect	 was	 not	
observed	in	our	series	[27].	
In	our	experience	patients	with	suboptimal	renal	or	cardiac	function,	as	is	often	the	
case	in		elderly	and	frail	patients,	can	still	be	eligible	for	administration	of	low-dose	
cisplatin,	while	standard	poly-chemotherapy	is	not	possible.	
Can	adjuvant	chemotherapy	improve	survival?	Recent	trials	and	a	meta-analysis	have	
shown	that	adjuvant	chemotherapy	given	post-operatively	improves	survival	[38-40].	
In	 contrast,	 neo-adjuvant	 chemotherapy	 given	before	 concomitant	 chemo-radiation	
does	not	improve	prognosis	[25;41;42].	The	data	of	Keene	et	al.	also	support	the	use	of	
adjuvant	chemotherapy	after	chemo-radiation	with	a	daily	low-dose	of	cisplatin	[43].	
Therefore	adding	adjuvant	chemotherapy	to	our	standard	treatment	of	66	Gy	together	
with	a	daily	low-dose	of	cisplatin	might	improve	results.		
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Can	 accelerated	 radiotherapy	 improve	 results?	The	 short	OTT	of	 33	days	 and	 the	
high	Biological	Equivalent	Dose	(84Gy	for	an	a/b ratio	of	10	Gy	which	is	equivalent	
to	 a	 dose	 of	 70	Gy	 in	 fractions	 of	 2	Gy)	might	 have	 been	 a	 favourable	 factor	 in	
our	treatment	outcome.	In	the	CHART-study	reduction	of	the	OTT	from	6	weeks	
to	 12	 days	 resulted	 in	 improved	 outcome	 with	 radiotherapy	 alone,	 indicating	 an	
influence	of	 repopulation	 [44].	Several	other	 studies	 report	about	 improved	results	
while	shortening	the	OTT,	for	radiotherapy	alone	or	for	chemo-radiation,	[18;45-47].	
Dose-relationship	 for	 local	 control	 and	 survival	has	been	clearly	demonstrated	 for	
lung	cancer		[48].	In	the	Cochrane	analysis	the	superior	effect	of	chemo-radiation	is	
independent	of	the	radiation	dose	administered	[23].	This	suggests	that	increasing	the	
radiation	dose	during	concomitant	treatment	schedules	might	have	a	positive	effect	
on	local	control,	as	was	demonstrated	by	Socinsky	[20].		
Keene,	 Schild	 and	 Jeremic	have	 reported	5-year	 survival	 of	 20-25%	 for	 treatment	
schemes	 consisting	 of	 high-dose	 radiotherapy	 in	 a	 short	 OTT	 combined	 with	
daily	 administration	 of	 low-dose	 cisplatin	 (Keene,	 Schild)	 or	 concomitant	 poly-
chemotherapy	in	a	weekly	schedule	[36;43;49].
In	our	series	some	of	the	patients	(non-PET-scan	staged)	had	stage	I-IIB,	but	stage	
did	not	show	any	association	with	survival	among	our	patients	treated	with	chemo-
radiation.
Performance	status	and	age	are	well	known	as	prognostic	factors	for	survival	[20;35-
37].	After	correction	for	treatment	modality,	the	significance	of	age	and	performance	
status	disappears	in	our	study.	
Local	recurrence-free	and	distant	metastasis-free	survival	are	in	agreement	with	other	
reported	 series	 [50].	The	presence	of	 a	 local	 recurrence	 in	 a	 retrospective	 analysis	
is	 often	 difficult	 to	 determine.	 Therefore	 these	 figures	 have	 to	 be	 regarded	 with	
caution.

Results	of	radiotherapy	as	single	modality	are	disappointing,	with	a	median	survival	
of	10	months	and	a	2	year	actuarial	survival	of	15%.	The	administered	radiation	dose	
is	relatively	high	however	(BED10 78Gy	–84Gy).	Selection	might	partly	explain	this	
effect,	while	radiation	mono-therapy	was	advised	if	chemo-radiation	was	not	feasible.	
Higher	 doses	 are	 needed	 for	 improved	 survival.	 Pilot	 studies	 of	 dose	 escalation	
yielded	promising	data	[48;51-54].	
Results	 of	 patients	 presenting	 with	 ECOG	 performance	 score	 of	 2	 are	 poor,	 the	
median	survival	is	8	months	and	no	one	survived	2	years.	We	conclude	that	high	dose	
radiotherapy	with	or	without	chemotherapy	is	not	indicated	for	this	group	of	patients.

In	our	series	the	most	severe	late	toxicity	seems	to	be	related	to	the	oesophagus.	This	
is	in	agreement	with	data	in	the	literature	of	concomitant	chemo-radiotherapy	[23].	
However,	in	EORTC	study	08844	no	increase	in	oesophageal	toxicity	was	observed	
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after	daily	or	weekly	administration	of	cisplatin	[55].	The	total	dose	of	55	Gy	in	this	
trial	was	much	lower	however.	Keene	et.al.	concludes	that	the	addition	of	low-dose	
daily	cisplatin	6	mg/m2	to	a	radiotherapy	dose	of	69.6	Gy,	given	in	fractions	of	1.2	
Gy	twice	daily,	did	not	increase	oesophageal	toxicity	[43].	On	the	contrary	Belderbos	
et	 al.	 concludes	 that	 chemo-radiation	 of	 concomitant	 low-dose	 cisplatin	 increases	
the	 risk	 for	 acute	oesophageal	 toxicity	 [56].	A	 relationship	between	 acute	 and	 late	
oesophageal	toxicity	has	been	described	by	Singh	et	al.	and	Ahn	et	al.	[57;58].	Other	
factors	 which	 correlate	 with	 the	 risk	 for	 oesophagitis	 are	 the	 absolute	 maximum	
radiation	dose,	volume	of	 the	oesophagus	receiving	35Gy	ore	more	 (V35)	and	 the	
length	of	the	irradiated	oesophagus	[56-59].	In	our	treatment	protocol	the	length	of	
the	oesophagus	receiving	a	dose	of	66	Gy	was	restricted	to	12	cm.	In	the	patient	with	
lethal	late	oesophageal	toxicity	patient	the	normal	tolerance	was	wittingly	exceeded.	
According	 to	 the	RTOG/EORTC	criteria	17	patients	developed	a	severe	 radiation	
pneumonitis	grade	3	for	which	antibiotics	and	steroid	treatment	were	given,	but	none	
of	them	developed	a	respiratory	insufficiency;	therefore	we	think	that	this	toxicity	is	
clinically	acceptable.	Decrease	in	toxicity	is	possible	by	a	reduction	of	the	planning	
target	volume	(PTV).		If	patients	are	staged	with	a	PET-CT	scan	elective	treatment	
can	be	omitted	and	a	better	definition	of	the	GTV	is	possible.	Both	factors	lead	to	a	
smaller	PTV	[60].	
Furthermore	the	toxicity	profile	of	this	schedule	makes	 it	suitable	for	combination	
with	 biological	 response	 modifiers	 as	 for	 instance	 cetuximab	 which	 has	 proven	
activity	if	combined	with	radiotherapy	and	which	is	tested	in	phase	II	and	III	trials	in	
combination	with	chemo-radiation	in	Head	and	Neck	cancer	[61;62].

In conclusion	 implementation	 of	 the	 treatment	 schedule	 used	 in	 EORTC	 study	
08972/22973	 in	 a	 non-randomised	 setting	 resulted	 in	 comparable	 outcome	 in	 our	
department.	Treatment	of	patients	with	locally	advanced	NSCLC	with	concomitant	
chemo-radiation	led	to	an	actuarial	5-year	survival	of	23%.	This	was	obtained	with	
a	 radiation	 dose	 of	 66	Gy,	 given	 in	 24	 fractions	 within	 a	 short	 overall	 treatment	
time	 and	 administration	 of	 single	 agent	 daily	 cisplatin	 6	mg/m2.	 Toxicity	 of	 this	
treatment	 scheme	 is	 acceptable,	 if	 constraints	 are	 made	 for	 the	 volume	 of	 the	
irradiated	oesophagus	and	the	lungs.	An	important	finding	in	this	era	of	increasing	
age	is	that	this	treatment	scheme	is	also	feasible	for	elderly	patients	with	a	suboptimal	
renal	 and/or	 cardiac	 function.	Other	 ways	 for	 improvement	 are	 escalation	 of	 the	
radiotherapy	dose	and/or	reduction	of	the	overall	treatment	time	by	acceleration	and	
hyper-fractionation	among	patients	staged	by	PET-CT,	combination	of	accelerated	
and	 hyper-fractionated	 radiotherapy	 with	 concurrent	 chemotherapy,	 and	 adjuvant	
chemotherapy.
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Discussion

In	 this	 thesis	 the	 development	 of	 a	 strategy	 for	 combined	modality	 treatment	 in	
patients	with	locally	advanced	NSCLC	stage	IIIA-IIIB	is	described.	

Starting	 point	 was	 the	 result	 of	 EORTC	 study	 08844.	 In	 this	 study	 the	 radio-
sensitizing	effect	of	cisplatin	was	demonstrated	if	given	daily	in	a	dose	of	6	mg/m2 
during	 radiotherapy	 (1).	 This	 resulted	 in	 an	 improved	 local	 control	 and	 so	 in	 an	
improved	survival	in	patients	with	locally	advanced	NSCLC	at	the	cost	of	an	increase	
of	severe	acute	gastro-intestinal	toxicity	attributable	to	a	general	effect	of	cisplatin.	In	
that	period	modern	anti-emetics	were	not	yet	available.	Criticisms	to	this	study	were	
the	applied	radiation	dose	of	55	Gray	 (Gy),	which	was	relatively	 low,	and	 the	 long	
overall	treatment	time	of	7	weeks,	which	was	the	accepted	way	of	treatment	when	the	
study	was	designed.	Based	on	the	increase	of	knowledge	about	negative	effects	caused	
by	a	long	treatment	period	we	tried	to	develop	a	radiotherapy	treatment	protocol	with	
a	higher	dose	and	a	shorter	overall	treatment	time	(OTT).		Both	factors,	total	dose	
and	OTT	are	known	to	influence	the	local	control	probability	(2-20).	Many	studies	
have	demonstrated	that	an	increased	local	control	can	lead	to	improved	survival,	this	
despite	the	high	chance	for	sub-clinical	distant	disease	of	50%	in	NSCLC	(3;6;15;17-
19).	In	Head	and	Neck	tumours	and	cancer	of	the	cervix	uteri	the	influence	of	overall	
treatment	time	on	local	control	and	survival	has	been	demonstrated	as	well	(21-27).
In	chapter	two	the	feasibility	of	a	radiation	dose	of	60	Gy	applied	in	20	fractions	(fx)	
in	an	OTT	of	26	days	was	demonstrated.	This	is	equivalent	to	a	dose	of	65	Gy	/	2	
Gy	for	an	α/β	of	10	Gy,	if	no	correction	for	the	time	factor	is	made	(28-30). In	this	
schedule	a	daily	dose	of	2	Gy	was	given	to	the	Gross	Tumour	Volume	(GTV)	and	
elective	nodal	area’s,	followed	by	a	concomitant	boost	dose	of	1	Gy	to	the	GTV	in	the	
same	session.	So	only	the	GTV	with	a	margin	of	1.5	cm	received	a	daily	fraction	dose	
of	3	Gy.	A	 limiting	 factor	appeared	 to	be	 the	 length	of	 the	oesophagus	 irradiated	
in	the	elective	treatment	volume,	which	should	not	exceed	16	cm.	The	mean	length	
of	the	oesophagus	within	the	high	dose	volume	which	received	60	Gy	was	9.5	cm.	
Studies	about	oesophageal	tolerance	have	shown	that	factors	determining	the	risk	for	
oesophagitis	are	the	absolute	dose,	the	volume	of	the	irradiated	oesophagus	receiving	
35	Gy	or	more	and	the	length	of	the	irradiated	oesophagus	(31-34).	Our	conclusion	of	
the	oesophageal	tolerance	is	well	in	agreement	with	these	data.	
For	lung	tissue	a	dose	of	60	Gy	/	20	fx	of	3	Gy	is	equivalent	to	78	Gy	/	2	Gy.	With	an	
incidence	of	severe	radiation	pneumonitis	of	12%,	we	concluded	that	this	treatment	
scheme	was	feasible.	Publications	of	Kwa	and	Belderbos	showed	that	this	incidence	is	
to	be	expected	after	a	mean	lung	dose	of	22	Gy;	or	if	the	part	of	both	lungs	receiving	
20	Gy	or	more	(V20)	is	larger	than	30%	(for	pneumonitis	grade	2	or	higher)	or	larger	
than	35%	(for	grade	3	or	higher)	(Graham)	(35-37).		As	mentioned	above,	the	mean	
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length	of	the	boost	field	used	in	our	study	was	9.5	cm.		As	most	patients	had	upper	
lobe	 tumours	 and	 customized	 cerrosafe	 blocks	 were	 used	 as	much	 as	 possible	 to	
protect	normal	lung	tissue,	it	is	unlikely	that	the	mean	lung	dose	has	exceeded	22	Gy	
or	the	V20	exceeded	30%.	Therefore	the	conclusion	about	lung	tolerance	correlates	
well	with	the	data	about	lung	tolerance	published	afterwards.	

Because	 a	 dose	 of	 60Gy/3Gy/26	 days	 seemed	 feasible	 in	 patients	 treated	 with	
radiotherapy	 only,	 we	 felt	 that	 leaving	 out	 the	 split	 period	 of	 3-4	 weeks,	 used	 in	
EORTC	08844	was	a	next	step	to	evaluate.	In	chapter	three	results	of	this	study	are	
described.	A	dose	of	55	Gy	 in	20	fractions	of	2.75	Gy,	using	a	concomitant	boost	
technique	could	be	delivered,	together	with	daily	administration	of	cisplatin	6	mg/m2 

before	each	fraction	in	an	OTT	of	26	days.	In	EORTC	08844	the	addition	of	cisplatin	
did	not	increase	the	oesophageal	or	pulmonary	toxicity	(1).	The	incidence	of	severe	
acute	oesophagitis	 in	our	 study	was	8%,	 severe	 late	oesophageal	 toxicity	occurred	
in	5%	of	the	patients.	The	Biological	Equivalent	Dose	(BED)	for	a	fraction	size	of	
2	Gy	and	an	α/β	of	3-5	Gy	of	this	schedule	is	63-61	Gy.	In	this	study	the	maximal	
length	of	the	oesophagus	receiving	40	Gy	was	16	cm,	and	the	maximal	length	of	the	
oesophagus	receiving	55	Gy	was	11	cm.	The	data	of	Ahn	,	Belderbos,	Bradley,	Wei	
and	Takeda	confirm	that	this	radiation	dose	combined	with	a	total	dose	of	cisplatin	of	
120 mg/m2	is	safe	if	restrictions	are	made	for	the	volume	of	the	irradiated	oesophagus	
as	we	did	(19;31;32;34;38).	
For	tumour	tissue	with	an	α/β	of	10	Gy	this	scheme	is	biologically	equivalent	to	a	dose	
of	58	Gy	/2	Gy.	Local	progression-free	survival	was	40%	at	24	months.	According	to	
the	data	of	Martell	the	local	progression-free	survival		of	this	radiation	dose	should	
be	less	than	26%	at	24	months	(12).	This	indicates	a	possible	sensitizing	effect	of	the	
cisplatin.
As	the	toxicity	of	chemo-radiation	consisting	of	a	radiation	dose	of	55	Gy	/	2.75	Gy	/	
20	fractions	combined	with	daily	cisplatin	6	mg/m2  was	acceptable	we	wanted	to	know	
if	increasing	the	radiation	dose	to	66	Gy	in	an	overall	time	of	32	days	was	feasible.	
In	the	mean	time	more	data	about	pulmonary	toxicity	and	oesophageal	toxicity	were	
published.	In	chapter	four	results	of	stepwise	increase	of	the	radiation	dose	to	66	Gy	
and	stepwise	increase	of	the	chemotherapy	to	144	mg/m2	are	presented.

Increase	of	 the	 radiation	dose	 to	66	Gy,	 combined	with	 increase	of	 the	 total	dose	
of	cisplatin	to	144	mg/m2	appeared	to	be	feasible.	Severe	acute	non-haematological	
toxicity	 increased	 to	 15%	 and	 severe	 acute	 oesophagitis	was	 present	 in	 5%	of	 the	
patients.	Acute	oesophagitis	grade	2	or	higher	occurred	in	58%	of	the	patients.	Late	
oesophageal	toxicity	occurred	in	25%	of	the	patients,	with	5%	severe	oesophagitis.	
This	means	 a	 considerable	 increase	 compared	 to	 the	previously	 tested	 schedule	of	
55Gy	and	120	mg/m2	cisplatin.	Assuming	that	all	patients	received	a	dose	of	66	Gy	
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on	the	maximal	length	of	the	esophagus	of	11	cm,	according	to	Belderbos	et	al.	38-
50%,	or	according	to	Bradley	70%	of	our	patients	were	expected	to	develop	acute	
oesophagitis	grade	2	or	higher,	which	corresponds	well	to	the	observed	incidence	of	
58%	(32;39).	
The	BED	of	the	radiation	treatment	schedule	is	equivalent	to	70	Gy/2Gy	for	an	α/β	
of	10	Gy,	irrespective	of	the	time	factor.	According	to	the	data	of	Martell	one	would	
expect	50%	local	progression	free	survival	at	24	months	for	a	dose	of	72	Gy	(40).	
In	our	study	this	was	58%,	which	would	mean	that	some	improvement	due	to	the	
cisplatin	is	apparent.

Table 1
%	Local	Recurrence	at	24	months

BED10	(Gy) RT	+	cisplatin RT	only HR
Chapter 3 58 60 >/ 75# 0.8
EORTC	08912 70 42 50* 0.84
EORTC	08844 58** 45 59 0.76
Chapter 6 70 44
EORTC	08972 70 43-46***
BED10:	biological	equivalent	dose	for	α/β=10	Gy
RT:	radiotherapy
75#:	Martell	1999	(11)
50*:	Martell	1997	(39)
58**:	58	Gy	/	20	fractions,	OTT	49-56	days
43-46***:	absolute	rate	of 	local	recurrence

This	corresponds	well	with	the	data	of	the	meta-analyses	of	Rowell	and	O’Rourke	
et	al.	and	Aupérin	et	al.	who	indicate	a	HR	of	0.84	and	0.89	respectively	by	adding	
concurrent	 chemotherapy	 to	 radiation	 for	 loco-regional	 progression-free	 survival	
(41;42).
The	2-yr	actuarial	overall	survival	of	55	Gy	combined	with	cisplatin	(total	dose	120	
mg/m2)	was	25%,	for	66	Gy	with	cisplatin	(total	dose	144	mg/m2)	40%.	So	there	is	
an	indication	for	improved	survival	after	a	more	intensified	treatment	scheme.	

It	is	unclear	if	the	short	OTT	in	our	studies	plays	a	role	in	the	local	control	rate	and	
survival.	An	important	reduction	of	OTT	improved	survival	 in	the	CHART	study	
(OTT	12	days	vs	40	days)	(16).	Belani	observed	a	non-significant	improvement	of	2-yr	
overall	survival	(OS)	from	24%	to	44%	if	the	OTT	of	radiotherapy	was	reduced	from	
51	 to	17	days	 (2).	This	 latter	 trial	was	closed	prematurely	because	of	poor	accrual;	
therefore	significance	could	not	be	reached.	In	 these	 two	studies	radiotherapy	was	
given	3	 times	per	day.	A	 reduction	 in	OTT	of	 50%	by	giving	2	 fractions	per	day	
of	40	to	19	days	did	not	influence	survival	or	pattern	of	relapse	in	the	study	of	Ball	
(43).	Prolongation	of	the	OTT	beyond	the	planned	scheme	had	a	negative	influence	
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(5;11).	 If	 a	 long	delay	was	 introduced	after	 induction	chemotherapy	before	 start	of	
RT	indication	for	accelerated	repopulation	with	poorer	survival	was	reported	by	El	
Sharouni	 (7).	 In	EORTC	08844	 the	OTT	was	 49-56	 days,	 in	EORTC	08912	 this	
was	 reduced	 to	32	days	 (44;45).	 Jeremic	describes	 that	 the	 inter-fraction	 interval	 is	
important	for	survival	(9).		All	these	studies	suggest	that	repopulation	plays	a	role	in	
the	management	of	NSCLC.	According	to	Roberts	et	al.	and	Mehta	et	al.	repopulation	
starts	 to	 play	 a	 role	 14-35	 days	 after	 start	 of	 radiotherapy	 (28;29).	Mehta	 assumes	
an	 interval	 of	 28	days	 for	 his	 calculations	of	 dose-escalation	 (28).	 In	 this	 concept	
reduction	of	the	overall	treatment	time	to	less	than	35	days	will	lead	to	an	increase	
of	tumour	control	probability,	compared	to	the	conventional	treatment	scheme	of	60	
Gy	given	in	30	fractions	of	2	Gy,	over	6	weeks.

In	chapter	five	results	of	EORTC	study	08972/22973	are	discussed	(46).	In	this	study	
concurrent	versus	sequential	chemo-radiation	in	patients	with	NSCLC	is	investigated.	
In	 1995	 a	 meta-analysis	 had	 shown	 improved	 outcome	 for	 combination	 of	 any	
platinum	containing	chemotherapy	regimen	with	radiotherapy	in	patients	with	locally	
advanced	inoperable	non-small	cell	lung	cancer.	Two	different	strategies	of	combining	
radiotherapy	with	chemotherapy	could	be	distinguished.	First	the	sequential	modality,	
in	which	the	radiotherapy	 is	preceded	by	2-3	courses	of	chemotherapy	and	second	
the	 concurrent	 modality	 in	 which	 chemotherapy	 and	 radiation	 are	 given	 within	
the	 same	 treatment	 schedule.	Theoretical	 advantages	of	 a	 sequential	 treatment	 are	
the	early	“attack”	of	microscopic	systemic	disease	and	 the	possibility	of	a	 reduced	
tumour	volume	at	start	of	the	radiotherapy,	the	disadvantage	is	the	increased	overall	
treatment	 time	with	 risk	 for	 tumour	 repopulation.	The	 advantage	of	 a	 concurrent	
schedule	is	the	reduced	overall	treatment	time,	the	disadvantage	the	increased	risk	of	
severe	toxicity,	mainly	oesophageal.		
Thus	 it	was	 decided	 to	 study	 the	 concept	 of	 sequential	 versus	 concurrent	 chemo-
radiation	in	a	phase	III	trial.	In	one	of	the	arms	the	treatment	schedule	of	EORTC	
08912	was	used.	In	the	other	arm	the	same	radiotherapy	schedule	was	preceded	by	two	
courses	of	gemcitabin	and	cisplatin.	This	latter	combination	was	studied	in	another	
EORTC	study	08955	 in	 locally	 advanced	non-small	 cell	 lung	cancer.	 It	 resulted	 in	
response	rates	of	70-80%	and	could	be	combined	with	high	doses	of	radiation	(47-49).		
No	other	phase	III	 trials	have	studied	these	treatment	modalities	 in	a	randomized	
fashion.	
The	 treatment	 scheme	developed	by	 study	EORTC	08912,	was	 compared	 to	neo-
adjuvant	 chemotherapy	 (two	 courses	 of	 gemcitabin	 and	 cisplatin)	 followed	 by	 the	
same	radiotherapy	schedule	as	in	EORTC	08912,	but	without	daily	cisplatin.	This	trial	
was	prematurely	closed	due	to	poor	accrual.	Therefore	the	study	was	underpowered	
to	answer	the	question	which	is	the	optimal	treatment	policy.	Both	schedules	were	
active	combinations	with	results	similar	to	other	phase	III	trials	comparing	sequential	
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versus	concomitant	chemo-radiation.	Both	treatment	modalities	were	safe	in	a	large	
group	of	patients.	

The	1-,	2-,	and	3-yr	OS	in	EORTC	08972/22973	is	56%,	36%	and	34%	respectively.	
In	EORTC	08844	the	OS	in	the	best	arm,	the	arm	with	daily	cisplatin,	is	54%,	25%	
and	16%	respectively	at	1,	2	and	3	years.	In	the	phase	II	trial	EORTC	08912	the	2-yr	
survival	was	40%.	The	increase	in	radiation	dose	from	55	to	66Gy,	the	shortening	
of	OTT	from	47	to	32	days	and	the	increase	in	total	dose	of	cisplatin	from	120	to	
144	mg/m2	 has	had	no	 influence	on	 the	median	 survival,	but	 the	2-	 and	3-yr	OS	
were	improved.	The	3-yr	survival	changed	from	16%	in	EORTC	08844	to	34%	in	
EORTC	08972,	which	means	a	100%	increase.	This	cannot	be	explained	by	selection,	
as	 in	EORTC	 08844	 about	 20%	 of	 the	 patients	 had	 	 stage	 I	 or	 II	 disease,	 while	
in	EORTC	08972	only	6-7%.	The	staging	procedure	was	basically	identical	in	both	
trials.	 Although	 the	 use	 of	 spiral	 CT-scans	 in	 the	 staging	 procedures	might	 have	
discovered	more	mediastinal	node	metastases	in	08972,	these	metastases	should	have	
been	discovered	in	the	era	of	08844	by	mediastinoscopy	as	well.	Staging	by	PET	scan	
was	uncommon	in	the	patients	enrolled	in	EORTC	08972/22973.	Eligibility	criteria	
for	both	trials	were	equal.	
At	 3	 years	 about	 45%	 of	 the	 patients	 in	 EORTC	 08844	 have	 developed	 a	 local	
recurrence.	Absolute	local	recurrence	rate	in	EORTC	08972	was	46%.	From	EORTC	
08972	no	data	about	the	local	disease-free	survival	are	known,	only	the	incidence	rate.	
It	is	difficult	to	compare	the	data	of	local	recurrence	of	both	trials.	In	the	publication	
of	08844	no	figures	 about	DFS	are	given.	Thus	no	definite	 conclusions	 about	 the	
cause	of	the	improvement	in	survival	can	be	drawn.
The	 price	 of	 the	 improvement	 in	 survival	was	 a	 higher	 toxicity.	 The	 incidence	 of	
acute	severe	oesophagitis	increased	from	4%	in	EORTC	08844	to	17%	in	EORTC	
08972/22973.	The	incidence	of	late	severe	oesophageal	toxicity	increased	from	<1%	
to	4%.	Severe	late	pulmonary	toxicity	was	not	clearly	increased.	
It	cannot	be	ruled	out	that	improvement	in	radiotherapy	techniques	have	influenced	
the	occurrence	of	late	toxicity	especially	the	low	incidence	of	the	pulmonary	toxicity	
in	EORTC	08972/22973.	In	this	trial	the	boost	dose	of	26	Gy	was	given	by	a	CT-plan	

Table 2
Overall	survival	(%)	of	patients	treated	with	radiotherapy	and	concomitant	cisplatin	6	mg/day/m2

1 yr  2 yr 3 yr 
Study
EORTC	08844 54 25 16
Chapter 3 65 25
EORTC	08912 53 40
EORTC	08972 56 36 34
Chapter 6 56 30 28 
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based,	3D-conformal	technique.	The	data	about	pulmonary	toxicity	based	on	Dose-
Volume	Histograms	(DVH’s)	and	V20	were	known,	although	this	was	not	applied	in	
the	trial	as	eligibility	criteria	or	as	instruction	for	radiotherapy	planning	(36;37).
These	toxicity	results	are	compatible	with	those	as	published	in	the	meta-analysis	of	
Rowell	and	O’Rourke	(41).

Finally	 in	 chapter	 six	 all	 patients	 treated	 with	 curative	 intent	 in	 the	 radiotherapy	
department	of	 the	Academic	Medical	Center	of	Amsterdam	 from	1995-2004	were	
analysed	 retrospectively.	 In	 phase	 II	 and	 phase	 III	 studies	 patients	 are	 selected	
according	 to	 specified	criteria.	The	final	 goal	of	 these	 studies	 is	 to	 implement	 the	
best	 treatment	worldwide	 on	 a	 department	 level.	When	 the	 treatment-schedule	 of	
a	 randomised	 study	 is	 applied	 to	 a	 patient	 population	which	 is	 not	 as	 selected	 as	
in	phase	II	and	phase	III	studies,	it	is	possible	that	outcome,	for	both	survival	and	
toxicity,	will	be	different,	and	often	turns	out	to	be	worse.
The	 1-,	 2-,	 and	 3-yr	 survival	 in	 this	 retrospective	 analysis	 is	 56%,	 30%,	 and	 28%	
respectively.	 Although	 the	 3-yr	 survival	 in	 the	 EORTC	 08972/22973	 study	 is	
somewhat	 higher	 (34%),	 results	 are	 rather	 similar.	The	 absolute	 incidence	of	 local	
recurrence	was	36%,	which	is	better	than	the	46%	in	EORTC	08972/22973.		In	the	
retrospective	analysis	 the	 local	relapse-free	survival	was	52%,	which	 is	comparable	
to	54%	in	the	best	arm	of	EORTC	study	08844.	However	in	EORTC	08844	more	
patients	(22%)	had	N0	or	N1	disease	in	the	arm	with	daily	cisplatin	compared	to	12%	
in	the	retrospective	analysis.	
Severe	late	toxicity	 in	the	retrospective	analysis	was	present	in	25%	of	the	patients	
receiving	 chemo-radiation.	 Severe	 late	 oesophageal	 toxicity	 was	 present	 in	 5%	
(compared	to	4%	in	EORTC	08972/2293).	Late	pulmonary	toxicity	was	present	 in	
18%	of	the	patients	(compared	to	14-18%	in	08972).	Thus,	also	for	late	toxicity	results	
of	the	retrospective	analysis	are	comparable	to	results	of	the	EORTC	phase	III	trial.	
This	 could	 indicate	 that	 indeed	 results	 of	 EORTC	 08972/22973	 are	 reproducible	
on	a	department	level	in	a	general	patient	population.	Selection	criteria	for	chemo-
radiation	 in	 our	 department	were	 in	 principle	 identical	 to	 the	 selection	 criteria	 of	
the	 EORTC-trial.	 However,	 in	 daily	 clinical	 practice	 patients	 who	 did	 not	 fulfil	
completely	all	eligibility	criteria	of	the	trial	were	often	accepted	for	standard	chemo-
radiation.	Thus,	 in	conclusion,	 implementation	in	our	department	of	the	treatment	
schedules	of	EORTC	study	08962/22973	in	a	less	selected	group	of	patients	resulted	
in	comparable	outcome.
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General conclusions

Intensification	of	concurrent	chemo-radiation	from	55	Gy/20fx/47	days	and	cisplatin	
120 mg/m2	to	66	Gy/24fx/32	days	and	cisplatin	144	mg/m2	has	led	to	an	increase	in	
3-yr	OS	from	16%	to	34%.

Concurrent	 chemo-radiation	 existing	 of	 66	Gy/24fx/32	 days	 combined	with	 daily	
cisplatin	6	mg/m2	 is	 an	 active	 treatment	 scheme	with	 low	haematological,	 cardiac	
or	renal	toxicity	and	with	survival	results	comparable	to	other	trials	with	concurrent	
chemo-radiation	with	standard	doses	of	chemotherapy.		

Sequential	 chemo-radiation	 consisting	 of	 2	 courses	 of	 gemcitabin	 and	 cisplatin	
followed	 by	 radiotherapy	 66	 Gy/24	 fx/32	 days	 shows	 efficacy,	 comparable	 to	
results	of	concurrent	chemo-radiation	with	 standard	doses	of	platinum	containing	
chemotherapy	in	other	phase	II	and	phase	III	studies.

Implementation	 as	 standard	 treatment	 in	 our	 department	 of	 treatment	 schedules,	
studied	in	EORTC	study	08972/22973	resulted	in	a	comparable	outcome.

Future aspects

Several	phase	III	studies	and	two	meta-analyses	have	pointed	out	that	the	optimal	
way	 of	 treating	 patients	 with	 locally	 advanced	 disease	 of	 NSCLC	 is	 concurrent	
chemo-radiation.	The	price	of	this	treatment	is	a	higher	acute	and	late	toxicity,	mainly	
oesophageal.	The	study	of	Belani	showed	no	advantage	of	neo-adjuvant	chemotherapy	
added	to	concurrent	chemo-radiation	(50).	On	the	contrary,	recent	studies	and	meta-
analyses	have	shown	an	advantage	for	adjuvant	chemotherapy	after	surgery	in	stage	
I-III	disease	(51-54).		Recently	an	update	of	studies	has	pointed	out	that	the	gain	of	
adjuvant	chemotherapy	in	stage	I	disease	disappeared	after	longer	follow-up	(53).	If	
the	effect	of	adjuvant	chemotherapy	is	mainly	on	systemic	disease	this	phenomena	is	
difficult	to	understand.	On	the	contrary,	if	adjuvant	chemotherapy	has	an	important	
effect	upon	local	control	the	absence	of	any	effect	in	stage	I	disease	becomes	more	
logical,	as	stage	I	disease	has	a	relatively	 low	risk	for	 local	recurrence	compared	to	
stage	II	and	stage	III	disease.	In	the	IALT	study	a	significantly	 lower	incidence	of	
local	 recurrence	was	observed	 in	 the	 arm	with	 adjuvant	 chemotherapy	 (52).	Thus,	
adding	 adjuvant	 chemotherapy	 to	 concurrent	 chemo-radiation	 in	 locally	 advanced	
NSCLC	might	improve	local	control	and	by	doing	so	improve	survival.	
Further	increase	of	the	radiation	dose	is	possible	if	treatment	volume	can	be	reduced.	
Staging	with	PET	 scan,	 application	of	 4-dimensional	 radiotherapy	 techniques	 and	
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IMRT	can	lead	to	lower	radiation	volumes,	reduced	dose	to	critical	organs	and	thus	
to	improved	outcome	(53;55-65).	Other	new	modalities	which	are	under	investigation	
are	 combinations	 of	 chemo-radiation	with	 biological	 response	modifiers.	A	 recent	
publication	has	 shown	significant	 improvement	 in	 survival	 in	 a	phase	 III	 study	 in	
Head	 and	 Neck	 cancer	 for	 cetuximab,	 a	 monoclonal	 antibody	 against	 epidermal	
growth	 factor	 receptor	 (EGFR),	 added	 to	 radiation	 alone	 (66).	 Toulany	 recently	
reported	 about	 a	 mechanism,	 involved	 in	 the	 radio-sensitizing	 effect	 of	 EGFR-
antagonists	 in	human	tumour	cells,	namely	impaired	repair	of	DNA	double-strand	
breaks	(67).	Raben	describes	comparable	tumour	growth	inhibition	 in	vitro	and	in	
vivo	of	NSCLC	tumour	cell	lines	after	treatment	with	cetuximab	and	radiation	and	
after	cisplatin	and	radiation	(68).	Combination	of	cetuximab	with	chemo-radiation	is	
studied	in	a	phase	II	setting	in	RTOG	study	0234	and	in	a	phase	III	study		in	RTOG	
0522	for	H&N	cancer	(69;70).	In	NSCLC	patients	feasibility	of	combining	cetuximab	
with	chemo-radiation	is	studied	in	RTOG	study	0324	(71).	
Blocking	 epithelial	 growth	 factor	 receptors	 by	 Tyrosine	Kinase	 inhibitors	 (TKI’s)	
is	being	 tested	 in	phase	II	and	phase	III	 trials	 in	NSCLC,	but	not	 in	combination	
with	 radiotherapy	 (72;73).	 Blocking	 vascular	 endothelial	 growth	 factor	 receptors	
(VEGFR’s)	by	a	monoclonal	antibody	(bevacizumab)	or	by	TKI’s		has	been	tested	
with	success	in	III	trials	in	several	solid	tumours	and	is	studied	in	NSCLC	in	phase	II	
trials	in	combination	with	chemotherapy	(74).	Given	the	efficacy	and	toxicity	profile	of	
radiotherapy	concurrent	with	daily	low-dose	cisplatin	in	NSCLC	this	treatment	seems	
a	candidate	for		future	studies	of	combination	with	biological	response	modifiers.
In	conclusion	high	dose	radiotherapy	concurrent	with	daily	low	dose	cisplatin	is	an	
active	 treatment	 for	 patients	with	 locally	 advanced	 non-small	 cell	 lung	 cancer;	 its	
toxicity	profile	makes	 it	 suitable	 for	 combination	with	 adjuvant	 chemotherapy,	 for	
increase	of	the	radiation	dose	or	for	combination	with	biological	response	modifiers.		
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Summary

In	 this	 thesis	 the	 development	 of	 a	 treatment,	 consisting	 of	 chemotherapy	 and	
radiation,	for	patients	with	inoperable	locally	advanced	non-small	cell	lung	cancer	is	
described.
Starting	point	was	the	result	of	EORTC	study	08844.	In	this	study	improvement	of	
outcome	was	seen	if	radiotherapy	was	combined	with	either	daily	or	weekly	cisplatin.	
The	best	results	were	seen	if	radiotherapy	was	combined	with	daily	low	dose	cisplatin	
6 mg/m2.	 This	 combination	 resulted	 in	 an	 improved	 local	 control	 and	 so	 in	 an	
improved	survival	in	patients	with	locally	advanced	non-small	cell	lung	cancer.	The	
2-	and	3-year	overall	survival	in	the	best	arm	was	25	and	16	%	respectively,	the	local	
recurrence-free	interval	at	2	years	55%.	Only	a	low	increase	of	severe	gastro-intestinal	
toxicity,	attributable	to	the	general	effect	of	cisplatin	was	observed.	The	effect	was	
explained	as	a	radio-sensitization,	possibly	due	to	an	decreased	repair	of	sub-lethal	
damage	in	tumour	cells.
Criticisms	to	this	study	were	the	applied	radiation	dose	of	55Gray	(Gy),	which	was	
relatively	low,	and	the	long	overall	treatment	time	of	7	weeks,	which	was	the	accepted	
way	of	treatment	when	the	study	was	designed.	Thus	studies	were	initiated	to	increase	
the	radiation	dose	and	to	reduce	the	overall	treatment	time.	
In	 1995	 a	 meta-analysis	 demonstrated	 the	 superiority	 of	 combining	 platinum	
containing	chemotherapy	with	radiation	for	the	treatment	of	locally	advanced	non-
small	cell	lung	cancer.
New	 chemotherapeutic	 drugs	 were	 introduced	 in	 clinical	 practice.	 In	 Europe	 a	
commonly	used	doublet	was	the	combination	of	cisplatin	with	gemcitabin.	It	became	
clear	that	combined	modality	treatment	was	also	better	for	cancer	originating	in	other	
organs	as	Head	and	Neck	cancer	and	cervix	cancer.	Therefore	it	seemed	worthwile	
to	investigate	the	effect	of	higher	doses	of	cisplatin	and	combination	of	radiotherapy	
with	other	chemotherapeutic	regimen.			
In chapter two the	feasibility	of	a	radiation	dose	of	60	Gy	given	in	20	fractions	in	an	
overall	treatment	time	of	26	days	was	demonstrated.	In	this	treatment	a	concomitant	
boost	technique	was	used.	This	means	that	part	of	the	daily	dose	(2Gy)	was	given	
to	a	large	volume,	both	the	macroscopic	tumour	site(s)	and	to	the	sites	with	possibly	
microscopic	tumour	invasion	(elective	lymph	node	irradiation).	An	extra	dose	of	1	Gy	
was	given	to	the	site(s)	with	macroscopic	tumour	only.	The	conclusion	of	the	study	
was	that	this	treatment	schedule	was	only	feasible	if	restrictions	were	made	for	the	
length	of	the	oesophagus,	 irradiated	in	the	elective	field,	namely	16	cm.	The	mean	
length	of	the	oesophagus	receiving	60	Gy	was	9.5	cm.	Severe	lung	toxicity	was	rare	(6	
%).	A	local-control	rate	of	45%	and	a	2-year	overall	survival	of	36%	was	seen.
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In chapter three	the	feasibility	of	reduction	of	the	overall	treatment	time	of	47days	
(7	weeks)	weeks	from	EORTC	study	08844	to	an	overall	treatment	time	of	26	days	
(4	weeks)	was	studied.	The	administered	radiation	dose	remained	55	Gy,	given	in	a	
concomitant	boost	technique	as	described	in	chapter	2.	The	total	administered	dose	
of	 cisplatin,	 daily	 given,	 remained	 unchanged	 as	well	 (120	mg/m2).	Based	 on	 the	
previous	study,	 restrictions	were	made	for	 the	 length	of	 the	oesophagus	 irradiated	
to	40	Gy	 (maximal	 length	16	cm)	and	for	 the	 length	of	 the	oesophagus	 irradiated	
to	55	Gy	(maximum	11	cm).	Severe	acute	oesophagitis	was	seen	in	8%,	severe	 late	
oesophagitis	in	5%,	and	severe	radiation	pneumonitis	in	3	%	of	the	patients.
A	2-year	local	recurrence-free	interval	of	40	%	and	a	2	year	overall	survival	of	25%	
was	observed.	

In chapter four	the	feasibility	of	increase	of	the	radiation	dose	to	66	Gy	and	increase	
of	the	total	dose	of	cisplatin	to	144	mg/m2	is	described	(EORTC	08912).	The	same	
volume	constraints	were	used	for	the	oesophagus	as	 in	chapter	three.	Severe	acute	
oesophagitis	was	seen	in	5%,	severe	late	oesophageal	toxicity	in	3%	of	the	patients;	
severe	lung	toxicity	was	absent.	Of	all	patients	70	%	remained	free	of	any	late	toxicity.	
The	2-year	overall	 survival	 rate	was	40%,	 the	2-year	 local	 recurrence-free	 interval	
was	58%.	The	outcome	of	the	treatment	schedule	used	in	EORTC	study	08912	was	
promising,	both	for	survival	and	concerning	the	toxicity	profile.	So	 it	was	decided	
that	this	would	be	one	of	the	arms	of	a	future	phase	III	study.

In chapter five	results	of	a	randomised	phase	III	study	(EORTC	08972/22973)	are	
described	 in	 which	 two	modalities	 of	 combining	 radiation	 and	 chemotherapy	 are	
compared.
In	 1995	 a	 meta-analysis	 had	 shown	 improved	 outcome	 for	 combination	 of	 any	
platinum	containing	chemotherapy	regimen	with	radiotherapy	in	patients	with	locally	
advanced	inoperable	non-small	cell	lung	cancer.	Two	different	strategies	of	combining	
radiotherapy	 with	 chemotherapy	 could	 be	 distinguished.	 First	 the	 sequential	
modality,	 in	 which	 the	 radiotherapy	 is	 preceded	 by	 2-3	 courses	 of	 chemotherapy.	
Theoretical	advantages	are	the	early	“attack”	of	microscopic	systemic	disease	and	the	
possibility	of	a	reduced	tumour	volume	at	start	of	the	radiotherapy,	the	disadvantage	
is	the	increased	overall	treatment	time	with	risk	for	tumour	repopulation.	Secondly	
chemotherapy	 and	 radiation	 can	be	 given	 concurrently	within	 the	 same	 treatment	
schedule.	The	advantage	of	the	concurrent	schedule	is	the	reduced	overall	treatment	
time,	the	disadvantage	the	increased	risk	of	severe	toxicity,	mainly	oesophageal.	
Thus	 it	was	 decided	 to	 study	 the	 concept	 of	 sequential	 versus	 concurrent	 chemo-
radiation	in	a	phase	III	trial.	In	the	control	group	the	treatment	schedule	of	EORTC	
08912	 was	 used.	 In	 the	 experimental	 arm	 the	 same	 radiotherapy	 schedule	 was	
preceded	by	 two	courses	of	 gemcitabin	 and	cisplatin.	This	 latter	 combination	was	
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studied	 in	 another	 EORTC	 study	 08955	 in	 locally	 advanced	 non-small	 cell	 lung	
cancer.	 It	 resulted	 in	 response	 rates	of	 70-80%	and	 could	be	 combined	with	high	
doses	of	radiation.	No	other	phase	III	trials	have	studied	these	treatment	modalities	
in	a	randomized	fashion.	
EORTC	study	08972/22973	was	closed	due	to	poor	accrual.	Therefore	the	study	was	
underpowered	 to	answer	 the	 important	question	which	was	 the	optimal	 treatment	
policy.	 Both	 treatment	 schedules	 appeared	 to	 be	 active	 combinations	with	 results	
similar	 to	 other	 phase	 III	 trials	 comparing	 sequential	 versus	 concomitant	 chemo-
radiation.	 The	 2-	 and	 3-	 year	 overall	 survival	 rates	 were	 33-36%	 and	 22-34%	
respectively.	The	local	control	rate	was	54-57%.	Severe	acute	oesophageal	toxicity	was	
more	frequent	in	the	concurrent	arm,	17	%	versus	5%,	while	severe	late	oesophageal	
toxicity	was	present	4%	of	the	patients	in	both	arms.	Severe	radiation	pneumonitis	
occurred	in	14-18%	of	the	patients.

In chapter six	treatment	results	are	summarized	of	radiotherapy	or	chemo-radiation	
given	with	curative	intent	to	131	patients	with	inoperable	locally	advanced	non-small	
cell	lung	cancer	in	the	radiotherapy	department	of	the	Academic	Medical	Center	of	
Amsterdam	from	1995-2004.	For	the	whole	group	the	5-year	overall	survival	was	15%.	
At	multi-variate	analysis	treatment	with	chemo-radiation	was	the	only	factor	with	a	
positive	influence	on	overall	survival	(28	%	at	3	year,	22	%	at	5	year).		Concurrent	
chemo-radiation	yielded	the	best	results	with	31	%	and	23	%	overall	survival	at	3,	
respectively	at	5	year.	Severe	 late	 toxicity	was	present	 in	21	patients,	and	consisted	
mainly	of	a	transient	radiation	pneumonitis.		Life-threatening	late	toxicity	occurred	
in	4	patients,	one	of	these	patients	died	due	to	treatment	toxicity.	
In	conclusion,	implementation	in	our	department	of	the	treatment	schedules,	used	in	
EORTC	study	08972/22973,	resulted	in	comparable	outcome.

In chapter seven	the	most	important	data	are	discussed.	The	dose-volume	constraints	
for	 the	 oesophagus,	 observed	 in	 the	 feasibility	 studies,	might	 have	 contributed	 to	
the	relatively	favourable	toxicity	profile	in	the	studied	combined	modality	treatment	
schemes.	The	 high	 radiation	 dose	 and	 the	 restricted	 overall	 treatment	 time	might	
have	contributed	to	the	improved	survival.
In	 the	 near	 future	 studies	 of	 increase	 in	 the	 radiation	 dose,	 using	 smaller	 target	
volumes,	 are	 expected.	 Combination	 of	 chemo-radiation	 with	 biological	 response	
modifiers	are	underway,	given	either	concurrently,	sequentially	or	both.	Concurrent	
chemo-radiation	followed	by	adjuvant	chemotherapy	might	be	another	field	of	clinical	
research. 
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General Conclusions

Intensification	of	concurrent	chemo-radiation	from	55Gy	/20	fractions	/47	days	and	
cisplatin	120	mg/m2	to	66	Gy/24	fractions	/32	days	and	cisplatin	144	mg/m2 has led 
to	an	increase	in	3-yr	OS	from	16	%	to	34%.

Concurrent	chemo-radiation	existing	of	66Gy	/24	fx	/32	days	combined	with	daily	
cisplatin	6	mg/m2	is	an	active	treatment	scheme	with	low	haematological,	cardiac	or	
renal	 toxicity	 and	with	 survival	 results	 comparable	 to	other	 trials	with	 concurrent	
chemo-radiation	 with	 standard	 doses	 of	 chemotherapy.	 Therefore	 this	 treatment	
is	 suitable	 for	 elderly	 patients,	 for	 patients	 with	 important	 co-morbidity	 or	 for	
combination	with	biological	response	modifiers.	

Sequential	 chemo-radiation	 consisting	 of	 2	 courses	 of	 gemcitabin	 and	 cisplatin	
followed	 by	 radiotherapy	 66Gy/24	 fx/32	 days	 shows	 efficacy,	 comparable	 to	
results	of	concurrent	chemo-radiation	with	 standard	doses	of	platinum	containing	
chemotherapy	in	other	phase	II	and	phase	III	studies.

Implementation	of	concurrent	high	dose	radiotherapy	with	daily	administration	of	
cisplatin	6	mg/m2,	as	standard	treatment	in	our	department	for	patients	with	locally	
advanced	or	inoperable	non-small	cell	lung	cancer,	resulted	in	a	comparable	outcome	
as	observed	in	EORTC	study	08972/22973.
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Samenvatting

Dit	proefschrift	gaat	over	het	ontwikkelen	van	een	behandeling	voor	patiënten	met	
een	 lokaal	 uitgebreid,	 inoperabel	 stadium	 van	 een	 niet-kleincellig	 longcarcinoom.	
Het	betreft	een	behandeling	met	chemotherapie	en	radiotherapie.	Uitgangspunt	werd	
gevormd	door	de	resultaten	van	EORTC	studie	08844,	welke	gepubliceerd	is	in	1992.	
In	dit	onderzoek	werd	aangetoond	dat	het	toevoegen	van	dagelijks	of	wekelijks	cisplatin	
(een	 chemotherapeuticum)	 aan	 de	 behandeling	 met	 radiotherapie	 van	 patiënten	
met	 een	 niet	 operabel	 niet-kleincellig	 longcarcinoom	 de	 behandelingsresultaten	
verbeterde.	De	beste	resultaten	werden	gezien	bij	combinatie	van	een	dagelijkse	dosis	
cisplatin	van	6	mg/m2	met	de	radiotherapie.	Hierdoor	verbeterde	de	lokale	controle	
en	 daardoor	 de	 overleving	 bij	 patiënten	met	 een	 lokaal	 ver	 gevorderd,	 inoperabel	
stadium	van	een	niet-kleincellig	longcarcinoom.	In	de	beste	arm	van	de	studie	was	
de	2-	en	3-jaars	overleving	respectievelijk	25%	en	16%.	Na	2	 jaar	was	55%	van	de	
patiënten	 vrij	 van	 lokaal	 recidief.	 Dit	 effect	 werd	 verklaard	 als	 zijnde	 een	 radio-
sensitizerend	effect	van	cisplatin,	mogelijk	 ten	gevolge	van	een	verminderd	herstel	
van	 sublethale	 bestralings-schade	 in	 tumorcellen.	 Als	 bijwerking	 werd	 alleen	 een	
toename	 van	 ernstige	maag-darm	 toxiciteit	 gezien,	 die	 kon	worden	 toegeschreven	
aan	het	systemische	effect	van	cisplatin.	
De	 op	 dit	 onderzoek	 geleverde	 kritiek	 betrof	 de	 lage	 dosering	 van	 de	 bestraling	
en	 de	 lange	 behandelingsperiode.	De	 gegeven	 bestralingsdosis	 was	 55	Gray	 (Gy),	
toegediend	 in	 20	 fracties,	 en	de	overall	 behandelingstijd	was	 7	weken	 ten	 gevolge	
van	 een	 rustpauze	 halverwege	 de	 bestraling	 van	 3	weken.	 In	 die	 tijd	 was	 dit	 een	
gebruikelijke	manier	van	behandelen.	Nadien	zijn	onderzoeken	gestart	om	zowel	de	
dosering	radiotherapie	te	verhogen	als	ook	de	behandelingstijd	te	verkorten.
In	 1995	 werd	 in	 een	 meta-analyse	 aangetoond	 dat	 combinatie	 van	 platinum	
bevattende	 chemotherapie	met	 radiotherapie	 de	 overleving	 van	 patiënten	met	 een	
lokaal	ver	gevorderd	stadium	(stadium	III)	niet-kleincellig	longcarcinoom	verbeterde.	
Hierna	 werden	 nieuwe	 chemotherapeutica	 toegepast	 in	 het	 dagelijkse	 klinisch	
gebruik.	In	Europa	werd	veel	gebruik	gemaakt	van	een	combinatie	van	cisplatin	met	
gemcitabine.	Voorts	bleek	dat	ook	bij	andere	tumorsoorten,	hoofd-hals	tumoren	en	
baarmoederhalskanker,	 de	 behandelingsresultaten	 verbeterden	 bij	 combinatie	 van	
gelijktijdig	toegediende	chemo-	en	radio-therapie.	Daarom	leek	het	zinvol	het	effect	
te	 onderzoeken	 van	 combinatie	 van	 hogere	 doseringen	 radiotherapie	 met	 hogere	
doseringen	cisplatin	en	met	andere	chemotherapeutica.

In hoofdstuk twee	 wordt	 onderzocht	 of	 een	 dosering	 radiotherapie	 van	 60	
Gy,	 toegediend	 in	 20	 fracties	 in	 een	 overall	 behandelingstijd	 van	 26	 dagen	 goed	
verdragen	wordt.	Bij	deze	behandeling	wordt	een	zgn.	“concomitant	boost	techniek”	
toegepast.	Dit	houdt	 in	dat	een	dagelijkse	dosis	van	2	Gy	 (totale	dosis	20	x	2	Gy)	
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gegeven	 werd	 op	 een	 gebied,	 omvattende	 de	 tumor,	 aangedane	 lymfklieren	 en	
uit	 voorzorg	 nog	 aangrenzende	 klierstations,	 die	 mogelijk	 microscopisch	 kleine	
hoeveelheden	 tumorcellen	bevatten	 (zogenaamde	electieve	klierbestraling).	Daarna	
werden	in	dezelfde	zitting	een	extra	dosis	van	1	Gy	gegeven	op	de	gebieden	met	op	de	
röntgenfoto’s	zichtbare	tumor.	De	totale	dosis	op	dit	gebied	bedroeg	zo	20	x	2	Gy	+	
20	x	1	Gy	=	60	Gy.	De	conclusie	van	dit	onderzoek	was	dat	dit	behandelingsschema	
alleen	 toegepast	 kon	worden	 als	 de	 lengte	 van	 de	 slokdarm	bestraald	 in	 het	 grote	
volume	 (2	 Gy	 per	 dag)	 maximaal	 16	 cm	 bedroeg.	 De	 gemiddelde	 lengte	 van	 de	
slokdarm	die	een	dosis	van	60	Gy	kreeg	was	9.5	cm.	Ernstige	longbeschadiging	was	
zeldzaam	(6%).	De	2-jaars	overleving	bedroeg	36%,	de	kans	op	lokale	tumorcontrole	
2	jaar	na	de	behandeling	45%.

In hoofdstuk drie	wordt	de	verkorting	bestudeerd	van	de	overall	behandelingstijd	van	
47	dagen	(7	weken)	uit	EORTC	studie	08844	naar	26	dagen	(4	weken).	De	toegediende	
dosis	 radiotherapie	 bleef	 55	Gy,	maar	 nu	 gegeven	 als	 beschreven	 in	 hoofdstuk	 2,	
met	 een	 concomitant	 boost	 techniek.	De	 dagelijkse	 en	 totale	 dosis	 cisplatin	 bleef	
ook	hetzelfde,	namelijk	6	mg/m2	per	dag	en	 totaal	120	mg/m2.	Uitgaande	van	de	
resultaten	van	het	onderzoek,	beschreven	in	hoofdstuk	2,	werd	de	lengte	van	de	te	
bestralen	 slokdarm	beperkt.	Een	 dosis	 van	 40	Gy	mocht	 gegeven	worden	 op	 een	
maximale	 lengte	 van	16	 cm,	 een	dosis	 van	55	Gy	op	 een	maximale	 lengte	 van	11	
cm.	Ernstige	acute	ontstekingsverschijnselen	van	de	slokdarm	werden	gezien	bij	8%	
en	ernstige	 late	verschijnselen	bij	5%	van	de	patiënten,	ernstige	verschijnselen	van	
longontsteking	t.g.v.	de	bestraling	bij	5%	van	de	patiënten.
De	2-jaars	overleving	bedroeg	25%,	40%	van	de	patiënten	was	na	2	jaar	nog	vrij	van	
lokaal recidief.

In hoofdstuk vier	wordt	onderzocht	of	de	dosis	radiotherapie	verhoogd	kan	worden	
van	55	naar	66	Gy,	en	de	dosis	chemotherapie	van	120	mg/m2	cisplatin	naar	144	mg/m2 

(EORTC	studie	08912).	Voor	bestraling	van	de	slokdarm	werden	dezelfde	beperkingen	
toegepast	 als	 beschreven	 in	 hoofdstuk	 drie.	 Ernstige	 acute	 slokdarmontsteking	
werd	 gezien	 bij	 5%	 van	 de	 patiënten,	 ernstige	 late	 slokdarmontsteking	 bij	 3%;	
ernstige	 bestralings-gerelateerde	 longontsteking	 werd	 niet	 gezien.	 Bij	 70%	 van	 de	
patiënten	werd	 geen	 ernstige	 late	 toxiciteit	 van	 de	 behandeling	waargenomen.	De	
2-jaars	overleving	bedroeg	40%,	bij	58%	van	de	patiënten	werd	na	2	jaar	geen	lokaal	
recidief	gezien.	Deze	behandelingsresultaten	waren	relatief	goed,	zowel	wat	betreft	
de	overleving	als	wat	betreft	het	toxiciteits-profiel.	Daarom	werd	besloten	dat	deze	
behandeling	een	van	de	armen	zou	worden	voor	een	toekomstig	fase	III	onderzoek.
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In hoofdstuk vijf	 worden	 de	 resultaten	 beschreven	 van	 een	 gerandomiseerd	 fase	
III	 onderzoek	 (EORTC	 08972/22973).	 Hierin	 worden	 twee	 manieren	 om	 de	
chemotherapie	met	de	radiotherapie	te	combineren	bestudeerd.
In	 1995	 werd	 in	 een	 meta-analyse	 aangetoond	 dat	 combinatie	 van	 platinum	
bevattende	 chemotherapie	met	 radiotherapie	 de	 overleving	 van	 patiënten	met	 een	
lokaal	vergevorderd,	inoperabel	stadium	(stadium	III)	niet-kleincellig	longcarcinoom	
verbeterde.	 In	deze	meta-analyse	werd	de	chemotherapie	meestal	 eerst	gegeven	en	
daarna	de	radiotherapie.	Chemo-	en	radiotherapie	kunnen	op	verschillende	manieren	
worden	 gecombineerd,	 ze	 kunnen	na	 elkaar	worden	 gegeven	 (sequentieel,	 eerst	 2-
3	kuren	chemotherapie,	gevolgd	door	radiotherapie)	of	gelijktijdig	(concurrent).	De	
sequentiële	behandeling	heeft	theoretisch	het	voordeel	dat	eventuele	microscopische	
tumorhaarden,	verspreid	in	het	lichaam,	in	een	vroeg	stadium	worden	“aangevallen”,	
en	dat	de	tumor	in	de	long	bij	het	begin	van	de	bestraling	kleiner	is	geworden.
Het	nadeel	 is	de	langere	overall	behandelingstijd,	waardoor	de	tumor	opnieuw	kan	
uitgroeien.
Als	 de	 chemotherapie	 en	 radiotherapie	 gelijktijdig	 gegeven	 worden	 is	 de	 overall	
behandelingsduur	beperkt.	Een	nadeel	 is,	dat	de	bijwerkingen	van	de	behandeling	
heftiger	kunnen	zijn,	met	name	van	de	slokdarm.
Daarom	werd	besloten	het	concept	van	sequentiële	chemo-radiatie	te	vergelijken	met	
concurrente	behandeling	in	een	EORTC	fase	III	onderzoek.	De	controlegroep	werd	
gevormd	door	patiënten	behandeld	volgens	het	schema	van	EORTC	studie	08912.		
Patiënten	 in	de	 experimentele	 arm	werden	behandeld	met	 twee	kuren	 cisplatin	 en	
gemcitabine,	waarna	 bestraling	 volgde	 gelijk	 aan	 de	 bestraling	 in	 de	 controle-arm	
doch	zonder	dagelijks	cisplatin.
Deze	chemotherapiecombinatie	was	bestudeerd	in	EORTC	studie	08955	bij	patiënten	
met	een	lokaal	uitgebreid	niet-kleincellig	 longcarcinoom.	De	response	kans	van	dit	
schema	was	70-80%	en	dit	kon	gecombineerd	worden	met	hoge	dosis	radiotherapie	na	
een	rustpauze	van	4	weken.	Deze	combinatiebehandeling	was	niet	eerder	onderzocht	
in	een	fase	III	studie.
De	 EORTC	 studie	 08972/22973	 moest	 voortijdig	 worden	 afgebroken	 i.v.m.	
onvoldoende	deelname.	Daarom	kon	geen	 antwoord	gegeven	worden	op	de	vraag	
welke	 behandeling	 beter	 was,	 sequentiële	 of	 gelijktijdige	 chemo-radiatie.	 Beide	
behandelingen	bleken	 resultaten	 te	geven	vergelijkbaar	met	 andere	 fase	 III	 studies	
waarin	 sequentiële	 met	 gelijktijdige	 chemo-radiatie	 werd	 vergeleken,	 doch	 waarin	
andere	chemo-	en	andere	radiotherapie	werd	toegepast.
De	2-	en	3-jaars	overall	overleving	bedroeg	respectievelijk	33-36%	en	22-34%.	De	
kans	 op	 lokale	 controle	 was	 54-57%.	 Ernstige	 acute	 bestralings-oesofagitis	 trad	
meer	op	in	de	arm	met	gelijktijdige	chemo-radiatie,	nl	17%	versus	5%.	Een	ernstige	
late	 slokdarmreactie	 trad	 op	 bij	 4%	 van	 de	 patiënten	 in	 beide	 groepen.	 Ernstige	
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bestralings-geinduceerde	longontsteking	trad	op	bij	14-15%	van	de	patiënten	zonder	
verschil	tussen	beide	behandelingsvormen.			

In hoofdstuk zes	 zijn	de	 resultaten	 samengevat	 van	behandeling	met	 radiotherapie	
of	chemo-radiotherapie	van	131	patienten	met	een	inoperabel	en/of	lokaal	uitgebreid	
niet	 kleincellig	 longcarcinoom,	 die	 tussen	 1995-2004	 bestraald	 zijn	 op	 de	 afdeling	
Radiotherapie	in	het	Academisch	Medisch	Centrum	van	Amsterdam.	Voor	de	hele	groep	
was	de	5-jaars	overleving	15%.	Bij	multi-variate	analyse	bleek	behandeling	met	chemo-
radiatie	de	enige	factor	met	een	statistisch	significante	gunstige	invloed	op	de	overleving	
(3-jaars	 28%,	 5-jaars	 22%).	 Gelijktijdige	 chemo-radiatie	 leverde	 de	 beste	 resultaten	
op	met	 een	 kans	 van	 31%	 	 op	 3-jaars	 en	 23%	op	 een	 5-jaars	 overleving.	 	Ernstige	
late	toxiciteit	was	aanwezig	bij	21%	van	de	patiënten	en	bestond	voornamelijk	uit	een	
bestralings-longontsteking	 van	 voorbijgaande	 aard.	 Levensbedreigende	 bijwerkingen	
deden	zich	voor	bij	4	patiënten;	een	van	hen	is	overleden	aan	de	gevolgen.
Samenvattend	 heeft	 de	 toepassing	 in	 de	 dagelijkse	 klinische	 praktijk	 van	 de	
behandelingsschema’s	 uit	 EORTC	 studie	 08972/22973	 geleid	 tot	 vergelijkbare	
resultaten.

In hoofdstuk zeven	worden	de	belangrijkste	 gegevens	 samengevat	 en	besproken.	
De	dosis-volume	beperkingen	voor	de	slokdarm	kunnen	hebben	bijgedragen	aan	een	
betrekkelijk	gunstig	toxiciteits-profiel	van	de	onderzochte	combinatiebehandelingen.	
De	hoge	bestralingsdosis,	gegeven	in	een	relatief	korte	overall	behandelingstijd,	kan	
hebben	bijgedragen	aan	een	verbeterde	overleving.
In	 de	 nabije	 toekomst	 lijkt	 het	 mogelijk	 de	 dosis	 bestraling	 te	 verhogen	 door	
beperking	 van	 het	 te	 bestralen	 volume.	 Combinatie	met	 nieuwe	 geneesmiddelen,	
zgn.	biological	response	modifiers,	gegeven	gelijktijdig	met,	na	afloop	van,	dan	wel	
gelijktijdig	met	én	na	afloop	van	de	chemo-radiotherapie	zullen	ook	onderwerp	van	
volgende	studies	zijn.

Algemene conclusies

1.	 Bij	patiënten	met	een	inoperabel,	lokaal	uitgebreid	niet-kleincellig	longcarcinoom	
heeft	 intensivering	 van	 gelijktijdig	 gegeven	 radio-	 en	 chemotherapie,	 bestaande	
uit	55	Gy/20	fracties/47	dagen	gecombineerd	met	120	mg/m2 cisplatin,	naar	66	
Gy/24	fracties/32	dagen	gecombineerd	met	144	mg/m2 	cisplatin	geleid	tot	een	
verbetering	van	de	3	jaars	overleving	van	16,5%	naar	34%.	

2.	 Sequentiele	chemo-radiatie	bestaande	uit	2	kuren	cisplatin	en	gemcitabine	gevolgd	
door	radiotherapie	66	Gy/	24	fracties/32	dagen	leidt	tot	resultaten	die	vergelijkbaar	
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zijn	met	resultaten	van	gelijktijdig	gegeven	chemo-radiatie	 in	fase	II	en	fase	III	
onderzoeken	waarbij	standaard	doseringen	chemotherapie	worden	gebruikt.	Een	
eventueel	 verschil	 valt	 niet	 uit	 te	 sluiten	wanneer	 studies	met	 grotere	 aantallen	
patiënten	mogelijk	zijn.

3.	 Toepassing	 als	 standaardbehandeling	 van	 gelijktijdig	 gegeven	 hoge	 doseringen	
radiotherapie	met	dagelijks	 een	 lage	dosis	 cisplatin	bij	patiënten	met	een	 lokaal	
uitgebreid	 niet-kleincellig	 longcarcinoom	 op	 de	 afdeling	 Radiotherapie	 in	 het	
Academisch	Medisch	Centrum	te	Amsterdam	leidt	tot	uitkomsten,	vergelijkbaar	
met	de	resultaten	van	EORTC	studie	08972/22973.

  
4.	 Gelijktijdig	 toegediende	 radio-	 en	 chemotherapie	 bestaande	 uit	 66	 Gy/24	
fracties/32	 dagen	 gecombineerd	 met	 dagelijks	 cisplatin	 6	 mg/m2	 is	 een	 actief	
behandelingsschema	 met	 een	 lage	 kans	 op	 hematologische,	 cardiale	 of	 renale	
toxiciteit	 en	met	 resultaten	 die	 wat	 betreft	 overleving	 en	 lokale	 tumorcontrole	
vergelijkbaar	 zijn	met	 resultaten	 van	 gelijktijdige	 chemo-radiatie	met	 standaard	
(hogere)	doseringen	chemotherapie.	Dit	schema	is	daarom	geschikt	voor	oudere	
patiënten,	 voor	 patiënten	 met	 co-morbiditeit	 en	 is	 geschikt	 voor	 toekomstige	
studies	over	combinaties	met	biological	response	modifiers.
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