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Joël	Castelli1,2,3,*	&	A.	Depeursinge4,5	&	A.	Devillers6	&	B.	Campillo-Gimenez2,3,7	&	Y.	Dicente4,8	&	J.	O.	Prior9	&	E.	
Chajon1	&	F.	Jegoux10	&	C.	Sire11	&	O.	Acosta2,3	&	E.	Gherga12	&	X.	Sun12,13	&	B.	De	Bari13	&	J.	Bourhis14	&	R.	de	
Crevoisier1,2,3	 
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Abstract	

Purpose	The	aims	of	this	multicentre	retrospective	study	of	locally	advanced	head	and	neck	cancer	(LAHNC)	
treated	with	definitive	radiotherapy	were	to	(1)	identify	positron	emission	tomography	(PET)-18F-
fluorodeoxyglucose	(18F-FDG)	parameters	correlated	with	overall	survival	(OS)	in	a	training	cohort,	(2)	
compute	a	prognostic	model,	and	(3)	externally	validate	this	model	in	an	independent	cohort.	

Materials	and	methods	A	total	of	237	consecutive	LAHNC	patients	divided	into	training	(n	=	127)	and	
validation	cohorts	(n	=	110)	were	retrospectively	analysed.	The	following	PET	parameters	were	analysed:	
SUVMax,	metabolic	tumour	volume	(MTV),	total	lesion	glycolysis	(TLG),	and	SUVMean	for	the	primary	tumour	
and	lymph	nodes	using	a	relative	SUVMax	threshold	or	an	absolute	SUV	threshold.	Cox	analyses	were	
performed	on	OS	in	the	training	cohort.	The	c-index	was	used	to	identify	the	highly	prognostic	parameters.	A	
prognostic	model	was	subsequently	identified,	and	a	nomogram	was	generated.	The	model	was	externally	
tested	in	the	validation	cohort.	

Results	In	univariate	analysis,	the	significant	PET	parameters	for	the	primary	tumour	included	MTV	(relative	
thresholds	from	6	to	83%	and	absolute	thresholds	from	1.5	to	6.5)	and	TLG	(relative	thresholds	from	1	to	
82%	and	absolute	thresholds	from	0.5	to	4.5).	For	the	lymph	nodes,	the	significant	parameters	included	MTV	
and	TLG	regardless	of	the	threshold	value.	In	multivariate	analysis,	tumour	site,	p16	status,	MTV35%	of	the	
primary	tumour,	and	MTV44%	of	the	lymph	nodes	were	independent	predictors	of	OS.	Based	on	these	four	
parameters,	a	prognostic	model	was	identified	with	a	c-index	of	0.72.	The	corresponding	nomogram	was	
generated.	This	prognostic	model	was	externally	validated,	achieving	a	c-index	of	0.66.	

Conclusions	A	prognostic	model	of	OS	based	on	primary	tumour	and	lymph	node	MTV,	tumour	site,	and	p16	
status	was	proposed	and	validated.	The	corresponding	nomogram	may	be	used	to	tailor	individualized	
treatment.	

Keywords	Head	and	neck	cancer	.	Nomogram	.	Prognostic	score	.	PET	.	Radiotherapy	

Introduction	

The	American	Joint	Committee	on	Cancer	(AJCC)	staging	system	based	on	primary	tumour	extension	and	
nodal	spread	is	generally	used	to	estimate	the	prognosis	and	guide	the	therapy	of	head	and	neck	cancer	[1].	
Chemoradiotherapy	(CRT)	is	a	standard	treatment	for	non-resected	or	unresectable	locally	advanced	head	
and	neck	cancer	(LAHNC)	[2–4].	A	potential	alternative	standard	treatment,	especially	when	concomitant	
chemotherapy	cannot	be	used,	is	to	combine	radiotherapy	with	cetuximab	[5].	Despite	these	treatments,	the	
prognosis	remains	relatively	poor,	and	loco-regional	recurrence	can	occur	in	up	to	40%	of	patients,	mostly	
occurring	in	the	first	2	years	after	treatment	[6].	

The	use	of	tumour	volume	based	on	morphological	or	functional	imaging	instead	of	strict	anatomic	extent	may	
better	identify	patients	with	a	worse	prognosis.	Indeed,	18F-	fluorodeoxyglucose	(18F-FDG)	positron	emission	
tomography/computed	tomography	(PET/CT)	parameters,	in	particular	metabolic	tumour	volume	(MTV)	and	
total	lesion	glycolysis	(TLG),	are	correlated	with	clinical	outcome	in	head	and	neck	cancer	[7–10].	
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However,	few	studies	have	compared	different	thresholds	of	MTV	and/or	TLG	[11–16],	and	a	large	majority	of	
studies	have	used	an	SUVMax	threshold	of	40%	[17]	or	a	fixed	SUV	threshold	of	>	2.5	mg/ml	[18].	Another	limit	
is	the	lack	of	data	regarding	the	impact	of	the	tumour	site	on	the	prognostic	value	of	PET,	with	some	studies	
including	only	a	specific	tumour	site,	and	others	including	various	tumour	sites	without	subgroup	analysis.	
Moreover,	these	studies	did	not	perform	external	validation	of	PET	parameters	to	predict	overall	survival	
(OS).	Finally,	in	addition,	there	is	a	clear	need	to	generate	a	validated	model	to	predict	individual	outcome	for	
a	given	external	patient.	 

In	this	context,	with	regard	to	oropharyngeal,	hypopharyngeal,	and	oral	cavity	cancers	treated	with	CRT	or	
radiotherapy	(RT)-cetuximab,	our	study	aimed	(1)	to	identify	clinical	and	PET	parameters	predicting	OS	from	
an	initial	cohort	of	patients,	(2)	to	generate	a	prognostic	model	of	OS,	and	(3)	to	validate	this	prognostic	model	
with	a	second	independent	cohort	of	patients.	 

Material	and	methods	 

Inclusion	criteria	 

All	consecutive	patients	treated	with	definitive	concurrent	CRT	or	RT	and	cetuximab	for	LAHNC	between	
January	2010	and	May	2017	from	four	different	hospitals	were	retrospectively	reviewed.	Inclusion	criteria	
were	an	age	between	18	and	75	years,	stage	III	or	IV	(AJCC	7th	edition),	no	surgery	before	RT,	no	history	of	
cancer,	PET	performed	less	than	8	weeks	prior	to	RT,	no	metastasis	at	diagnosis,	and	a	minimal	follow-up	of	3	
months.	Nasopharyngeal	cancers	were	excluded	from	the	study.	 

Patient	characteristics	and	treatment	results	 

This	retrospective	study	included	237	patients.	The	main	patient,	tumour,	and	treatment	characteristics	are	
presented	in	Table	1.	All	tumours	were	locally	advanced,	corresponding	to	T3-4	or	N2-3	stage	(stage	III,	IVa	or	
IVb,	AJCC	7th	edition).	Human-papilloma-virus	status	was	determined	using	p16	status	evaluated	by	
immunohistochemistry.	P16	status	was	available	for	60%	of	the	patients.	 

All	patients	underwent	intensity-modulated	RT	(IMRT)	using	volumetric	modulated	arc	therapy	(VMAT)	
(73%)	or	helical	tomotherapy	(27%).	Planning	CTs	with	intravenous	contrast	agents	were	acquired	with	2-
mm	slice	thickness	from	the	vertex	to	the	carina.	A	thermoplastic	head	and	shoulder	mask	with	five	fixation	
points	was	used.	PET/CT	and	MRI	co-	registration	was	used	for	tumour	delineation.	A	total	dose	of	70	Gy	[2	
Gy/fraction/day,	35	fractions	(73%)	or	2.12	Gy/fractions/day,	33	fractions	(27%)]	with	a	simultaneous	
integrated	boost	technique	[19]	was	administered	in	combination	with	concomitant	chemotherapy	(platinum,	
100	mg/m2	thrice	weekly	[3,	4]	or	cetuximab	at	an	initial	dose	of	400	mg/m2	followed	by	250	mg/m2	weekly	
for	the	duration	of	radiotherapy	[5]	if	the	patient	was	not	fit	for	chemotherapy)	(Table	1).	Three	target	
volumes	were	generated	on	the	planning	CT:	CTV70,	CTV63,	and	CTV56.	The	70	Gy	clinical	target	volume	
(CTV70)	was	equal	to	the	gross	tumour	volume	plus	a	5-	mm	3D	margin	adjusted	to	exclude	the	air	cavities	
and	all	bone	mass	free	of	tumour	invasion.	CTV63	(optional)	corresponded	to	the	area	at	high	risk	of	
microscopic	spread,	while	CTV56	corresponded	to	the	low-risk	subclinical	area.	The	planning	target	volume	
(PTV)	included	the	CTVs	plus	a	5-mm	3D	margin	limited	to	3	mm	from	the	skin	surface	to	avoid	the	build-up	
region	and	therefore	limit	skin	toxicity	[20].	The	minimum	PTV	covered	by	the	95%	isodose	line	was	95%.	
The	organs	at	risk	were	manually	delineated	accord-	ing	to	the	GORTEC	group	(the	French	group	of	radiation	
oncology	for	head	and	neck	cancer).	The	dose	constraints	in	the	volume	of	interest	were	also	set	according	to	
the	GORTEC	group.	The	study	was	approved	by	the	institutional	ethical	committees	(NCT02469922).	 

Physical	evaluation	and	laryngoscopy	were	performed	after	RT	every	3	months	for	the	first	2	years	and	then	
every	6	months	thereafter.	A	CT	scan	or	a	PET/CT	was	performed	between	3	and	6	months	after	treatment.	
The	database	was	locked	on	the	15th	of	December	2017.	 

The	entire	cohort	was	divided	into	a	training	cohort,	including	127	patients	from	one	hospital,	and	a	
validation	cohort,	including	110	patients	from	three	different	hospitals.	The	median	follow-up	for	the	training	
and	the	validation	cohort	were	45	months	(ranging	from	6	to	92	months)	and	23	months	(ranging	from	3	to	
57	months)	respectively.	For	the	entire	population,	the	2-year	OS	rate	was	65%	[95%	confidence	interval	
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(95%	CI):	59–72%].	The	follow-up	and	treatment	results	of	the	training	and	validation	cohorts	are	displayed	
in	Table	1.		

PET/CT	image	acquisition	and	analysis	 

All	patients	underwent	FDG	PET/CT	for	staging	at	most	8	weeks	before	RT.	For	three	cohorts,	the	patients	
fasted	at	least	4	h	prior	to	injection	of	4	Mbq/kg	of	18F-FDG	(Flucis,	CIS	bio,	Saclay,	France).	Blood	glucose	
levels	(limit	<	150	mg/dl)	were	assessed	prior	to	the	injection	of	18F-	FDG.	If	not	contra-indicated,	intravenous	
contrast	agents	were	administered	before	CT	scanning.	After	a	60-min	uptake	pe-	riod	of	rest,	patients	were	
imaged	using	the	Discovery	ST	PET/CT	imaging	system	(General	Electric	Medical	SystemsTM,	Milwaukee,	WI,	
USA)	or	the	Siemens	Biograph	6	True	Point	PET/CT	scanner	(Siemens	Medical	Solutions,	Erlangen,	Germany).	
First,	CT	(120	kV,	80	mA,	0.8	s	rotation	time,	slice	thickness	3.75	mm)	was	performed	from	the	base	of	the	
skull	to	the	mid-thigh.	PET	scanning	was	performed	immediately	after	CT	acquisition.	Images	were	ac-	quired	
from	the	base	of	the	skull	to	the	mid-thigh	(3	min/bed	position).	PET	images	were	reconstructed	using	an	
ordered-subset	expectation	maximization	iterative	reconstruction	(OSEM)	(two	iterations,	28	subsets)	and	an	
iterative	fully	3D	(Discovery	ST).	CT	data	were	used	for	attenuation	correction.	A	similar	protocol	was	used	for	
the	last	cohort;	however,	a	smaller	injection	of	3.5	Mbq/kg	of	18F-FDG	was	used	with	a	slightly	more	recent	
system	(Discovery	D690	TOF	PET/CT,	General	Electric	Healthcare,	Milwaukee,	WI,	USA)	that	allowed	for	
shorter	acquisition	times	(2	min/bed	position).	PET	images	acquired	by	this	system	were	reconstructed	after	
time-of-flight	and	point-spread-function	recovery	corrections.	 

For	each	patient,	gross	tumour	volume-tumour	(GTV-T)	and	nodal	GTV	(GTV-N)	were	manually	segmented	on	
each	PET/CT	by	the	same	radiation	oncologist.	A	region	of	interest	(ROI)	was	computed	by	adding	a	3D	
margin	of	5	mm	to	GTV-	T	(ROI-T)	and	GTV-N	(ROI-N).	 

A	set	of	quantitative	parameters	based	on	SUV	histograms	were	extracted	from	ROI-T	and	ROI-N	in	PET	
images	using	the	QuantImage	web	service	[21].	SUVMax	was	first	computed	from	ROI-T	as	the	maximum	SUV	in	
the	delineated	volume.	Various	metabolic	volumes	were	subsequently	defined	based	on	two	segmentation	
methods:	(i)	an	absolute	threshold	of	SUV	(ranging	from	0	to	20,	0.5	by	step)	or	(ii)	a	relative	threshold	of	
SUVMax	[0-100%	(1%	by	step)].	Metabolic	in-	tensity	parameters	were	computed	using	the	two	segmentation	
methods	at	each	threshold	for	both	ROI-T	and	ROI-N.	Relative	thresholds	for	ROI-N	were	computed	based	on	
SUVMax	of	the	primary	tumour.	SUVMean	was	computed	for	each	threshold.	MTV	was	computed	as	the	metabolic	
volume	of	the	segmented	region	in	millilitres.	TLG	was	computed	as	SUVMean	×	MTV	of	the	corresponding	
thresholded	region.	 

Statistical	analysis	 

OS	was	calculated	from	the	first	day	of	RT	to	the	date	of	death	from	any	cause.	Patients	alive	at	the	time	of	
analysis	were	censored	at	the	date	of	last	follow-up.	Loco-regional	control	(LRC)	was	calculated	from	the	first	
day	of	RT	to	the	date	of	first	recurrence	in	the	primary	tumour	and/or	lymph	node.	Follow-up	was	calculated	
using	a	reverse	Kaplan–Meier	estimation	[22].	OS	and	LRC	estimations	were	computed	using	the	Kaplan–
Meier	method,	and	a	two-sided	log-rank	test	was	used	to	compare	groups.	 

The	analyses	were	performed	as	suggested	in	the	TRIPOD	statement	[23].	In	the	first	step,	the	analysis	was	
performed	in	the	training	cohort	only.	A	univariate	Cox	analysis	was	first	performed	on	OS	to	assess	the	
following	parameters:	gender,	age,	smoking	status,	T	and	N	classification,	tumour	site,	p16	status,	
chemotherapy,	GTV	(in	ml),	SUVMax,	SUVMean,	MTV,	and	TLG.	Interactions	between	the	tumour	site	and	PET	
parameters	were	also	investigated.	The	significant	parameters	were	identified,	and	the	Harrell’s	c-index	was	
calculated	(c-	index	≈	0.5	→	random	predictions,	c-index	≈	1	→	perfect	pre-	diction)	[24].	Among	the	different	
thresholds	used	to	compute	PET	parameters,	the	highly	prognostic	parameter	based	on	the	c-index	was	
selected	for	the	MTV,	TLG	and	SUVMean.	Factors	with	significance	of	p	value	<	0.1	and	with	highest	c-index	after	
univariate	analyses	were	assessed	for	multivariate	Cox	regression	model	using	backward	elimination.	
Variables	were	removed	from	the	model	if	p	>	0.1.	Multivariate	Cox	analyses	were	performed	to	identify	the	
significant	parameters,	and	the	constants	and	the	standardized	coefficients	of	the	prognostic	model.	Based	on	
this	model,	a	nomogram	was	built	to	estimate	the	individual	OS	probability	at	24	months.	 
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Two	types	of	validation	of	the	prognostic	model	were	performed.	An	internal	validation	of	the	multivariate	
Cox	model	was	first	performed	using	the	bootstrap	method	(1000	datasets	constructed	by	random	re-
sampling	with	replacement	from	the	original)	[25].	This	bootstrap	method	was	used	to	estimate	the	adjusted	
c-index	and	the	95%	confidence	interval	(95%	CI)	of	each	parameter.	An	internal	calibration	was	performed	
to	estimate	the	accuracy	of	the	model.	In	the	second	step,	the	Cox	model	was	used	to	compute	the	prognostic	
index	for	the	patients	of	the	validation	cohort,	and	the	corresponding	c-index	was	computed.	The	individual	
probabilities	computed	by	the	model	were	averaged	to	produce	the	predicted	survival	curve.	Three	
prognostic	groups	were	created	by	categorizing	the	prognostic	index	computed	from	the	model	at	the	50th	
and	84th	percentiles.	These	groups	were	called	low-,	intermediate-	and	high-risk	groups.	The	same	cut-off	
was	applied	in	the	validation	cohort.	 

All	analyses	were	performed	using	R	software	3.4.0	(R	Development	CoreTeam;	http://www.r-project.org).	 

Results	 

The	median	values	of	different	PET	parameters	(SUVMax,	MTV,	TLG)	for	the	training	and	the	validation	cohort	
are	presented	in	Table	S1.	 

Identification	of	the	Cox	model	and	nomogram	to	predict	OS	in	the	training	cohort	 

The	results	from	the	univariate	analysis	are	presented	in	Table	2.	The	prognostic	value	of	survival	of	the	
different	thresholds	for	the	MTV,	SUV	mean,	and	TLG	to	predict	OS	is	presented	in	Fig.	1.	For	the	primary	
tumour,	MTV	with	relative	thresholds	from	6	to	83%	of	SUVMax	and	ab-	solute	thresholds	from	1.5	to	6.5	was	
significantly	correlated	with	OS,	with	a	c-index	ranging	from	0.58	to	0.62	and	from	0.57	to	0.6	respectively.	
For	the	lymph	nodes,	MTV	with	relative	thresholds	from	6	to	100%	and	absolute	thresholds	from	0	to	20	was	
significantly	correlated	with	OS,	with	a	c-	index	ranging	from	0.54	to	0.61	and	from	0.50	to	0.61	respectively.	
No	interactions	between	tumour	site	or	p16	status	and	PET	parameters	were	observed.	Due	to	the	ab-	sence	
of	a	difference	in	OS	between	hypopharynx	and	oro-	pharynx	cancer,	these	two	tumour	sites	were	combined	
into	one	group	named	pharynx	cancer.	Similarly,	given	that	no	significant	difference	was	identified	between	
negative	and	unknown	p16	status,	this	parameter	was	recoded	as	positive	versus	negative/unknown	status.	 

The	MTVof	the	tumour	with	a	relative	threshold	of	35%	of	the	SUVMax,	the	MTV	of	the	lymph	node	with	a	
relative	threshold	of	44%	of	the	SUVMax	were	the	PET	parameters	achieving	the	highest	c-index.	In	addition	to	
these	PET	parameters,	p16	status	and	N-classification	were	significant	after	univariate	analysis	and	were	
assessed	for	multivariate	analysis	(Table	2).	 

The	retained	significant	parameters	from	the	multivariate	analysis	were	the	MTV	of	the	tumour	with	a	relative	
threshold	of	35%	of	the	SUVMax,	the	MTV	of	the	lymph	node	with	a	relative	threshold	of	44%	of	the	SUVMax,	the	
tumour	site,	and	p16	status	(Table	3).	The	c-index	of	the	model	was	0.72	(p	<	0.001).	The	β-coefficients	of	the	
corresponding	Cox	model	are	presented	in	Table	3,	allowing	the	calculation	of	a	prognostic	index	(OS	
probability)	for	each	patient.	Based	on	the	Cox	model,	a	nomogram	was	computed	(Fig.	2).	 

Internal	and	external	validations	of	the	prognostic	model	 

The	adjusted	c-index	estimated	from	internal	bootstrap	validation	of	the	Cox	model	was	0.71	(p	<	0.001).	The	
95%	CI	values	for	the	coefficient	of	the	parameters	of	the	model	are	presented	in	Table	3.	Internal	calibration	
revealed	a	very	good	adjustment	between	the	predicted	and	observed	OS	at	24	months	(Fig.	S1).	 

The	β-coefficients	from	the	training	model	were	applied	to	the	external	validation	cohort,	achieving	a	c-index	
of	0.66	(p	<	0.001).	The	comparison	between	the	predicted	and	observed	OS	is	presented	in	Fig.	3.	The	
prognostic	index	was	computed	for	each	patient.	Based	on	the	cut-off	computed	from	the	training	cohort	(Fig.	
S2A),	three	prognostic	groups	(high	risk,	intermediate	risk,	and	low	risk)	were	created	for	the	validation	
cohort.	OS	differed	significantly	in	these	three	risk	groups	(Fig.	S2B).	 

Discussion	 
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In	this	multicentre	study	including	a	large	number	of	locally	advanced	head	and	neck	cancer	patients,	MTV-T	
and	MTV-N	as	continuous	variables	combined	with	tumour	localization	and	p16	status	were	major	predictors	
of	the	risk	of	death	in	LAHNC.	Notably,	the	classical	clinical	variables	[T	and	N	classification,	GTV	(T	and	N),	
age,	gender]	were	less	or	not	significantly	prognostic	of	OS	(c-index	≤	0.56).	Furthermore,	we	proposed	and	
successfully	validated	a	prognostic	model	of	survival,	achieving	a	relatively	high	prediction	capability	(c-	index	
=	0.72).	This	model	may	be	used	via	our	nomogram	to	estimate	the	individual	survival	of	an	external	patient.	
The	PET	parameters	can	be	easily	computed	by	using	the	online	free	platform	QuantImage	[21].	 

Among	PET	parameters,	MTV	correlates	with	OS	and	disease-free	survival	(DFS)	with	a	prognostic	value	
clearly	greater	than	the	SUVMax	and	less	than	the	TLG	[26,	27].	However,	the	majority	of	studies	supporting	
MTV	as	a	prognostic	factor	are	retrospective	or	single-centre	studies	and/or	lack	external	validation.	
Moreover,	no	prognostic	model	has	been	proposed.	Only	three	studies	performed	external	validation	of	the	
prognostic	value	of	MTV	and	TLG	[28–30],	albeit	with	some	major	issues,	thus	limiting	the	impact	of	these	
studies.	Indeed,	TLG	(using	a	specific	cut-off	of	58.7	ml)	correlated	with	OS	in	a	limited	cohort	of	52	patients	
[28],	and	a	validation	in	a	second	cohort	of	37	patients	was	per-	formed	after	an	adjustment	of	the	TLG	cut-off	
value	of	141	ml	[31].	Complete	external	validation	requires	assessing	the	performance	of	a	predefined	model	
in	new	data	without	refitting	the	variables	of	the	model	[32].	External	validation	was	performed	in	another	
study	including	168	patients	(85	in	the	training	cohort	and	83	in	the	validation	cohort),	demonstrating	that	a	
17-ml	increase	of	the	MTV	was	associated	with	a	twofold	increase	in	the	risk	of	death	[30].	However,	this	
specific	MTV	value	was	based	on	a	monocentric	population-dependent	characteristic	(from	the	25th	to	75th	
percentile).	Another	study	including	122	patients	with	oropharyngeal	cancer	from	two	different	cohorts	
successfully	per-	formed	external	validation.	Using	two	different	thresholds	for	the	primary	tumour	(35%	of	
SUVMax)	and	the	lymph	nodes	(44%	of	the	SUVMax),	MTV	was	correlated	with	OS	[29].	However,	this	study	
exclusively	included	patients	with	oropharyngeal	cancer.	In	the	present	study,	we	demonstrate	that	a	single	
model	with	the	same	parameters	was	prognostic	of	OS	for	hypopharyngeal,	oropharyngeal,	and	oral	cavity	
cancers	without	an	interaction	between	the	tumour	site	and	the	MTV.	 

The	reproducibility	of	the	MTV	or	TLG	is	potentially	limited	by	the	initial	definitions	of	these	parameters,	
which	are	based	on	a	threshold	of	SUV,	either	absolute	(all	pixel	with	SUV	value	>	threshold)	or	relative	(all	
pixel	with	SUV	value	>	threshold%	of	SUVMax).	SUV	may	vary	with	PET	scanner,	certainly	among	scanners	
from	different	generations.	However	the	use	of	relative	threshold	of	SUV	would	partly	avoid	such	difficulties	
for	larger	lesions,	as	SUVMax	in	such	regions	would	not	be	affected	by	TOF	and	PSF	recovery	correction.	Most	of	
the	studies	tested	only	one	threshold	(2.5	or	3,	or	40	to	50%).	Six	studies	compared	only	three	or	four	
different	thresholds	of	MTV	and/or	TLG,	most	often	using	the	same	threshold	of	40	and	50%	of	SUVMax	or	2.5	
and	3	of	absolute	SUV	[11–15,	33,	34].	However,	the	use	of	different	thresholds	within	a	reasonable	range	
seems	to	have	no	major	impact	on	the	prognostic	value	of	PET	parameters.	Indeed,	a	wide	range	of	thresholds	
(from	0	to	20	mg/ml	and	from	0	to	100%	of	SUVMax)	was	analysed	for	123	patients	with	an	oropharyngeal	
cancer.	MTVs	(of	both	primary	tumour	and	lymph	nodes)	between	5	and	7	or	between	30	and	64%	were	
significantly	correlated	with	DFS	[35].	In	our	study,	exploring	continuous	thresholds	from	0	to	100%	and	from	
0	to	20,	MTV	of	the	primary	tumour	computed	with	a	relative	threshold	of	35%	was	the	highest	prognostic	
parameter	of	OS,	with	a	c-index	of	0.62.	However,	MTV	of	the	primary	tumour	between	35	and	55%	was	also	
significantly	correlated	with	OS,	with	slightly	different	of	c-indexes	(ranging	from	0.6	to	0.62)	(Fig.	1).	 

Most	studies	testing	the	prognostic	value	of	PET	imaging	have	exclusively	focused	on	the	primary	tumour	[16,	
17,	36–39]	because	lymph	node	analysis	appears	particularly	complex,	given	the	number	of	lymph	nodes	and	
the	choice	of	SUVMax	to	compute	MTV	and/or	TLG.	A	limited	number	of	studies	have	computed	MTV	of	the	
lymph	nodes	using	an	absolute	threshold	of	1.5	[40]	or	2.5	[41]	or	a	relative	thresh-	old	of	50%	of	the	SUVMax	
only	for	the	largest	lymph	node	[14].	Based	on	PET	performed	during	the	third	week	of	treatment	for	75	
patients	with	node-positive	LAHNC,	a	reduction	in	the	total	node	TLG	of	greater	than	50%	was	highly	
correlated	with	an	improvement	in	OS	[41].	To	compute	lymph	node	MTV,	we	used	SUVMax	of	the	primary	
tumour	as	the	reference	considering	all	the	metastatic	lymph	nodes,	which	were	defined	based	on	the	RECIST	
1.1	criteria	[42]	and	SUVMax.	In	univariate	analysis,	we	identified	a	large	number	of	lymph	node	PET	
parameters	prognostic	of	OS	(Fig.	1),	with	c-indexes	ranging	from	0.5	to	0.61.	Both	analyses	of	the	primary	
tumour	and	the	lymph	nodes	were	clearly	justified,	improving	the	prediction	capability	in	multivariate	
analysis	by	up	to	0.72.	Moreover,	the	best	clinical	model	(without	PET	parameters),	including	N-staging,	p16	
status	and	tumour	site,	achieved	a	c-index	of	0.66,	lower	than	the	model	including	PET	parameters.	
Furthermore,	the	external	validation	of	this	clinical	model	failed	(c-index	=	0.63,	p	=	0.06).	In	a	recent	study,	a	
nomogram	prognostic	of	overall	survival	for	oropharyngeal	cancer	based	on	clinical	and	biological	values	
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achieved	a	c-index	of	0.68	in	the	validation	cohort.	However,	this	nomogram	was	for	oropharynx	cancer	and	
included	nine	parameters	[1].	Our	model	achieved	a	similar	value	of	c-index	(0.66)	in	the	validation	cohort	
with	a	fewer	number	of	parameters	(4),	and	could	be	used	regardless	the	tumour	site.	The	combination	of	PET	
and	biological	parameters	may	improve	the	prediction	capabilities	of	such	models.	 

Our	study	had	some	limitations.	First,	the	analysis	was	retrospective,	but	the	endpoint	was	OS.	A	large	number	
of	parameters	(>	500)	were	explored,	which	may	result	in	overfitting.	However,	the	bootstrap	method	did	not	
show	ma-	jor	overfitting.	Moreover,	as	the	model	is	reproducible	in	an-	other	cohort,	overfitting	is	clearly	not	
an	issue.	P16-HPV	sta-	tus	was	missing	for	40%	of	the	patients	and	positive	for	37%	of	the	analysed	patients.	
The	prevalence	of	HPV	in	oropharyngeal	cancer	in	Europe	ranges	from	23%	[43]	to	70%	[44],	with	large	
differences	noted	between	countries.	Similarly	to	widely	published	data	[45],	we	found	that	positive	p16	
status	was	associated	with	better	survival,	and	p16	was	retained	in	the	multivariate	analysis.	P16-positive	
tumours	were	previously	associated	with	a	higher	MTV	than	for	p16-negative	tumours	[46].	We	found	a	
similar	trend	in	our	study	(data	not	shown);	however,	it	was	not	significant.	This	lack	of	interaction	between	
p16	status	and	MTV	may	be	explained	by	missing	data	with	regard	to	p16.	Important	differences	in	age,	use	of	
cetuximab,	T-classification,	p16	status,	tumor	and	nodal	volume	(GTV),	and	PET/CT	scanner	between	the	
training	and	the	validation	cohorts	were	observed.	Despite	these	differences,	the	very	good	prognostic	
performance	obtained	with	the	training	cohort	was	confirmed	for	the	validation	cohort.	The	good	prognostic	
value	of	our	PET-based	parameters,	in-	dependently	of	these	differences,	could	be	considered	a	strength	of	the	
nomogram	in	a	non-selected	population.	Another	issue	concerns	N3	stage	patients	for	whom	18F-	FDG	-based	
MTV	may	not	take	into	account	hypoxic	areas	known	to	be	more	radioresistant	[47].	Indeed,	other	hypoxia	
radiotracers	tested	in	the	head	and	neck,	such	as	18F-	fluoromisonidazole	(FMISO)	and	18F-fluoroazomycin	
arabinoside	(FAZA),	potentially	correlate	with	OS	[48–50].	Moreover,	we	did	not	perform	more	complex	
analyses,	such	as	adaptive	thresholds	[31,	51]	and	gradient-based	methods	[52],	which	may	more	accurately	
define	tumour	volume	[53].	The	reconstruction	algorithms	used	were	not	EARL-	compliant	[54].	It	would	be	
expected	that	EARL-compliant	data	would	enhance	the	significance	and	transposability	of	the	results.	We	only	
analysed	pre-treatment	PET	imaging,	and	it	is	possible	that	combining	both	pre-treatment	and	early	pre-	
treatment	imaging	may	further	improve	the	capability	of	predicting	patient	outcome	[55–57].	Finally,	we	
exclusively	investigated	PET	imaging.	However,	CT	scan	[58]	and	MRI	image	[59]	analyses	are	also	prognostic	
of	patient	outcome	based	on	radiomic	analysis	including	a	large	number	of	parameters.	 

Conclusion	 

In	LAHNC	treated	with	CRT	or	RT	+	cetuximab,	the	combi-	nation	of	PET	parameters	from	both	the	primary	
tumour	and	lymph	nodes	with	tumour	site	and	p16	status	appears	particularly	useful	for	predicting	OS.	We	
provided	and	validated	a	prognostic	model	of	OS,	and	proposed	a	nomogram	to	predict	OS	for	an	external	
patient.	Indeed,	patients	with	worse	out-	comes	could	be	good	candidates	for	treatment	intensification,	such	
as	dose	escalation	or	combining	new	systemic	treatment.	 
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from the base of the skull to the mid-thigh. PET scanning was
performed immediately after CT acquisition. Images were ac-
quired from the base of the skull to the mid-thigh (3 min/bed
position). PET images were reconstructed using an ordered-

subset expectation maximization iterative reconstruction
(OSEM) (two iterations, 28 subsets) and an iterative fully
3D (Discovery ST). CT data were used for attenuation correc-
tion. A similar protocol was used for the last cohort; however,

Table 1 Patient, tumour, and
treatment characteristics and
follow-up and treatment results
for the training and validation
cohorts

Characteristics Training cohort
(one centre) (N = 127 pts)

Validation cohort
(three centres)
(N = 110 pts)

P value*

Patients and tumours

Mean age, years (SD) 59 (8.9) 62 (8.4) < 0.01

Gender, n (%) 0.9

Male 107 (85%) 92 (83.6%)

Female 20 (15%) 18 (16.4%)

Smoking status, n (%) 0.6

Yes 117 (86.6%) 92 (83.6%)

No 10 (13.4%) 18 (16.4%)

Tumour site, n (%) 0.3

Oropharynx 89 (70.1%) 74 (67.3%)

Oral cavity 14 (11%) 8 (7.2%)

Hypopharynx 24 (18.9%) 28 (25.5%)

T classification, n (%) 0.6

T1 4 (3.2%) 5 (4.5%)

T2 29 (22.8%) 27 (24.5%)

T3 49 (38.6%) 48 (43.6%)

T4 45 (35.4%) 30 (27.3%)

N classification, n (%) 0.3

N0 19 (15%) 20 (18.2%)

N1 17 (13.4%) 19 (17.3%)

N2 83 (65.3%) 69 (62.3%)

N3 8 (6.3%) 2 (1.8%)

Stage (AJCC)

III 18 (14.2%) 36 (32.8%) 0.03

IV 109 (85.8%) 74 (67.2%)

Mean tumour volume ** in ml (SD) 38.9 (40.9) 20.5 (21.8) < 0.01

p16 status, n (%) 0.3

Positive 17 (13.4%) 21 (19.1%)

Negative 53 (41.7%) 49 (44.5%)

Unknown 57 (44.9%) 40 (36.4%)

Concomitant systemic treatment with RT

N (%) < 0.01

Cisplatin [3] 86 (67.7%) 60 (54.5%)

Carboplatin – 5FU [4] 11 (8.7%) 19 (17.3%)

Cetuximab [5] 30 (23.6%) 30 (27.2%)

Treatment results

Follow-up (months) (min–max) 45 (6–92) 23 (3–57) < 0.01

2-year LRC rate [95% CI] 60% [52–70%] 79% [71–88%] < 0.01

2-year OS rate [95% CI] 60% [52–69%] 73% [64–83%] 0.02

SD= standard deviation, 95% CI = 95% confidence interval

* =Mann-Whitney test for continuous variables, chi2 for dichotomous variables

**= Delineated on the planning CT (GTV), including both primary tumour and lymph nodes
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Table 2 Univariate analysis for OS in the training cohort

Parameters HR [95% CI] C-index P value

Clinical parameters

Age (in years) – – 0.9

Gender

Male – – 0.1

Female

Smoking status, n (%)

Yes – – 0.1

No

GTV (in ml) – – 0.07

T classification

T1-2

T3 – – 0.16

T4

N classification

N0-1 1 0.56 0.02

N2 1.4 [0.8–2.3]

N3 4.1 [1.7–10]

Tumour site

Oropharynx 1 0.58 <0.01

Hypopharynx 1.4 [0.7–2.6]

Oral cavity 3.2 [1.7–6]

p16 status

Positive 1 0.56 <0.01

Negative/unknown 5.7 [1.4–23.4]

Concomitant systemic treatment with RT

Cisplatin

Carboplatin – 5FU – – 0.08

Cetuximab

PET Parameters (highest c-index only with p value <0.05)

MTV-T (per 10 ml)

Absolute threshold (SUV= 3.5) 1.11 [1.02–1.23] 0.6 0.03

Relative threshold (35% of SUVMax) 1.25 [1.09–1.43] 0.62 0.001

MTV-N (per 10 ml)

Absolute threshold (SUV= 3) 1.15 [1.07–1.24] 0.61 <0.001

Relative threshold (44% of SUVMax) 1.5 [1.2–1.8] 0.61 <0.001

TLG T (per 10 ml)

Absolute threshold (SUV= 3) 1.01 [1–1.02] 0.59 0.05

Relative threshold (40% of SUVMax) 1.02 [1–1.03] 0.61 0.02

TLG N (per 10 ml)

Absolute threshold (SUV= 3) 1.02 [1.01–1.04] 0.61 < 0.001

Relative threshold (46% of SUVMax) 1.05 [1.03–1.08] 0.60 < 0.001

SUV Mean T

Absolute threshold (SUV= 1.5) 1.24 [1.01–1.51] 0.57 0.04

SUV Mean N
Absolute threshold (SUV= 5.5) 1.08 [1.00–1.15] 0.61 0.03

Relative threshold (78% of SUVMax) 1.09 [1.05–1.14] 0.62 < 0.001

For PET parameters, data are only provided for absolute and relative thresholds with the highest c-index and p< 0.05. All the significant PET parameters
are presented in Fig. 1. HR = hazard ratio, CI = confidence interval, GTV = gross tumour volume, SUV= standard uptake value, MTV= metabolic
tumour volume, TLG = total lesion glycolysis
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PET parameters can be easily computed by using the online
free platform QuantImage [21].

Among PET parameters, MTV correlates with OS and
disease-free survival (DFS) with a prognostic value clearly
greater than the SUVMax and less than the TLG [26, 27].
However, the majority of studies supporting MTV as a prog-
nostic factor are retrospective or single-centre studies and/or
lack external validation. Moreover, no prognostic model has
been proposed. Only three studies performed external valida-
tion of the prognostic value of MTVand TLG [28–30], albeit
with some major issues, thus limiting the impact of these
studies. Indeed, TLG (using a specific cut-off of 58.7 ml)
correlated with OS in a limited cohort of 52 patients [28],
and a validation in a second cohort of 37 patients was per-
formed after an adjustment of the TLG cut-off value of 141 ml
[31]. Complete external validation requires assessing the

performance of a predefined model in new data without
refitting the variables of the model [32]. External validation
was performed in another study including 168 patients (85 in
the training cohort and 83 in the validation cohort), demon-
strating that a 17-ml increase of the MTV was associated with
a twofold increase in the risk of death [30]. However, this
specific MTV value was based on a monocentric
population-dependent characteristic (from the 25th to 75th
percentile). Another study including 122 patients with oropha-
ryngeal cancer from two different cohorts successfully per-
formed external validation. Using two different thresholds
for the primary tumour (35% of SUVMax) and the lymph
nodes (44% of the SUVMax), MTV was correlated with OS
[29]. However, this study exclusively included patients with
oropharyngeal cancer. In the present study, we demonstrate
that a single model with the same parameters was prognostic

Table 3 Significant predictors of OS in multivariate analysis in the training cohort

Multivariate Cox analysis Cox model bootstrap validation (1000
samples)

Parameters HR [95% CI] P c-index Standardized
regression
coefficient

SE H0 HR [95% CI] P c-index

Tumour site (pharynx or oral cavity) 2.8 [1.5–5.3] < 0.01 0.72 1.02 0.32 −2.04 2.8 [1.4– 6.3] < 0.01 0.71
P16 status (positive or negative/unknown) 4.8 [1.2–19.8] 0.03 1.57 0.72 4.8 [1.4–1530] 0.03

MTV_T_35% (per 10 ml) 1.18 [1.02–1.37] 0.02 0.27 0.11 1.18 [1– 1.4] 0.05

MTV_N_44% (per 10 ml) 1.58 [1.3– 1.93] < 0.01 0.27 0.05 1.57 [1.3– 1.91] < 0.01

H0 = baseline hazard, HR= hazard ratio, CI = confidence interval, SE = standard error, MTV_T_35 = metabolic tumour volume of the tumour
computed with a relative threshold at 35% of SUVMax, MTV_N_44 = metabolic tumour volume of the lymph node computed with a relative threshold
at 44% of SUVMax. Tumour site = oropharynx/hypopharynx or oral cavity

Fig. 2 Nomogram to predict 24-month OS. For each parameter, the
corresponding points are obtained by drawing a line upward from the
corresponding values to the Points line. The total points for each patient
are obtained by summing the points for each of the individual factors in
the nomogram, and this value is plotted on the Total Points line. A line is
drawn down to determine the corresponding predictions of 24-month OS.
MTV_N = metabolic tumour volume of the lymph node computed with a

threshold = 44% of the SUVMax. MTV_T = metabolic tumour volume of
the tumour computed with a threshold = 35% of the SUVMax. For
example, an oropharynx cancer lesion that is p16 negative with an
MTV tumour of 20 ml and an MTV lymph node of 5 ml corresponds
to a 24-month OS probability of 60% (oropharynx cancer = 0 pts., p16
negative = 17.5 pts., MTV tumour of 20ml = 4.25 pts., MTV lymph node
of 5 ml = 2.5 pts. Total points = 24.25)

Eur J Nucl Med Mol Imaging

unknown p16 status, this parameter was recoded as positive
versus negative/unknown status.

The MTVof the tumour with a relative threshold of 35% of
the SUVMax, the MTV of the lymph node with a relative
threshold of 44% of the SUVMax were the PET parameters
achieving the highest c-index. In addition to these PET param-
eters, p16 status and N-classification were significant after
univariate analysis and were assessed for multivariate analysis
(Table 2).

The retained significant parameters from the multivariate
analysis were the MTVof the tumour with a relative threshold
of 35% of the SUVMax, the MTV of the lymph node with a
relative threshold of 44% of the SUVMax, the tumour site, and
p16 status (Table 3). The c-index of the model was 0.72 (p <
0.001). The β-coefficients of the corresponding Cox model
are presented in Table 3, allowing the calculation of a prog-
nostic index (OS probability) for each patient. Based on the
Cox model, a nomogram was computed (Fig. 2).

Internal and external validations of the prognostic
model

The adjusted c-index estimated from internal bootstrap vali-
dation of the Cox model was 0.71 (p < 0.001). The 95% CI
values for the coefficient of the parameters of the model are
presented in Table 3. Internal calibration revealed a very good

adjustment between the predicted and observed OS at
24 months (Fig. S1).

The β-coefficients from the training model were applied to
the external validation cohort, achieving a c-index of 0.66 (p
< 0.001). The comparison between the predicted and observed
OS is presented in Fig. 3. The prognostic index was computed
for each patient. Based on the cut-off computed from the
training cohort (Fig. S2A), three prognostic groups (high risk,
intermediate risk, and low risk) were created for the validation
cohort. OS differed significantly in these three risk groups
(Fig. S2B).

Discussion

In this multicentre study including a large number of locally
advanced head and neck cancer patients, MTV-T and MTV-N
as continuous variables combined with tumour localization
and p16 status were major predictors of the risk of death in
LAHNC. Notably, the classical clinical variables [T and N
classification, GTV (T and N), age, gender] were less or not
significantly prognostic of OS (c-index ≤ 0.56). Furthermore,
we proposed and successfully validated a prognostic model of
survival, achieving a relatively high prediction capability (c-
index = 0.72). This model may be used via our nomogram to
estimate the individual survival of an external patient. The

Fig. 1 C-index values for metabolic tumour volume (MTV), SUVMean

and total lesion glycolysis (TLG) of the primary tumour (a and b) and the
lymph nodes (c and d ) computed with different relative thresholds [from
0 to 100% of SUVMax (a and c) and from 0 to 20 (b and d )] to predict OS.
Full line corresponds to a p value ≤ 0.05. MTV of the primary tumour

computed with a relative threshold between 35 and 55% of the SUVMax

reached the highest c-index. Vertical black line corresponds to the
optimum threshold for the MTV (highest c-index). The zero-threshold
value corresponds to the region of interest (ROI) computed by adding a
3D margin of 5 mm to GTV-T and GTV-N
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PET parameters can be easily computed by using the online
free platform QuantImage [21].

Among PET parameters, MTV correlates with OS and
disease-free survival (DFS) with a prognostic value clearly
greater than the SUVMax and less than the TLG [26, 27].
However, the majority of studies supporting MTV as a prog-
nostic factor are retrospective or single-centre studies and/or
lack external validation. Moreover, no prognostic model has
been proposed. Only three studies performed external valida-
tion of the prognostic value of MTVand TLG [28–30], albeit
with some major issues, thus limiting the impact of these
studies. Indeed, TLG (using a specific cut-off of 58.7 ml)
correlated with OS in a limited cohort of 52 patients [28],
and a validation in a second cohort of 37 patients was per-
formed after an adjustment of the TLG cut-off value of 141 ml
[31]. Complete external validation requires assessing the

performance of a predefined model in new data without
refitting the variables of the model [32]. External validation
was performed in another study including 168 patients (85 in
the training cohort and 83 in the validation cohort), demon-
strating that a 17-ml increase of the MTV was associated with
a twofold increase in the risk of death [30]. However, this
specific MTV value was based on a monocentric
population-dependent characteristic (from the 25th to 75th
percentile). Another study including 122 patients with oropha-
ryngeal cancer from two different cohorts successfully per-
formed external validation. Using two different thresholds
for the primary tumour (35% of SUVMax) and the lymph
nodes (44% of the SUVMax), MTV was correlated with OS
[29]. However, this study exclusively included patients with
oropharyngeal cancer. In the present study, we demonstrate
that a single model with the same parameters was prognostic

Table 3 Significant predictors of OS in multivariate analysis in the training cohort

Multivariate Cox analysis Cox model bootstrap validation (1000
samples)

Parameters HR [95% CI] P c-index Standardized
regression
coefficient

SE H0 HR [95% CI] P c-index

Tumour site (pharynx or oral cavity) 2.8 [1.5–5.3] < 0.01 0.72 1.02 0.32 −2.04 2.8 [1.4– 6.3] < 0.01 0.71
P16 status (positive or negative/unknown) 4.8 [1.2–19.8] 0.03 1.57 0.72 4.8 [1.4–1530] 0.03

MTV_T_35% (per 10 ml) 1.18 [1.02–1.37] 0.02 0.27 0.11 1.18 [1– 1.4] 0.05

MTV_N_44% (per 10 ml) 1.58 [1.3– 1.93] < 0.01 0.27 0.05 1.57 [1.3– 1.91] < 0.01

H0 = baseline hazard, HR= hazard ratio, CI = confidence interval, SE = standard error, MTV_T_35 = metabolic tumour volume of the tumour
computed with a relative threshold at 35% of SUVMax, MTV_N_44 = metabolic tumour volume of the lymph node computed with a relative threshold
at 44% of SUVMax. Tumour site = oropharynx/hypopharynx or oral cavity

Fig. 2 Nomogram to predict 24-month OS. For each parameter, the
corresponding points are obtained by drawing a line upward from the
corresponding values to the Points line. The total points for each patient
are obtained by summing the points for each of the individual factors in
the nomogram, and this value is plotted on the Total Points line. A line is
drawn down to determine the corresponding predictions of 24-month OS.
MTV_N = metabolic tumour volume of the lymph node computed with a

threshold = 44% of the SUVMax. MTV_T = metabolic tumour volume of
the tumour computed with a threshold = 35% of the SUVMax. For
example, an oropharynx cancer lesion that is p16 negative with an
MTV tumour of 20 ml and an MTV lymph node of 5 ml corresponds
to a 24-month OS probability of 60% (oropharynx cancer = 0 pts., p16
negative = 17.5 pts., MTV tumour of 20ml = 4.25 pts., MTV lymph node
of 5 ml = 2.5 pts. Total points = 24.25)
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of OS for hypopharyngeal, oropharyngeal, and oral cavity
cancers without an interaction between the tumour site and
the MTV.

The reproducibility of the MTVor TLG is potentially lim-
ited by the initial definitions of these parameters, which are
based on a threshold of SUV, either absolute (all pixel with
SUV value > threshold) or relative (all pixel with SUV value >
threshold% of SUVMax). SUV may vary with PET scanner,
certainly among scanners from different generations.
However the use of relative threshold of SUV would partly
avoid such difficulties for larger lesions, as SUVMax in such
regions would not be affected by TOF and PSF recovery cor-
rection.Most of the studies tested only one threshold (2.5 or 3,
or 40 to 50%). Six studies compared only three or four differ-
ent thresholds ofMTVand/or TLG, most often using the same
threshold of 40 and 50% of SUVMax or 2.5 and 3 of absolute
SUV [11–15, 33, 34]. However, the use of different thresholds
within a reasonable range seems to have no major impact on
the prognostic value of PET parameters. Indeed, a wide range
of thresholds (from 0 to 20 mg/ml and from 0 to 100% of
SUVMax) was analysed for 123 patients with an oropharyngeal
cancer. MTVs (of both primary tumour and lymph nodes)
between 5 and 7 or between 30 and 64% were significantly
correlated with DFS [35]. In our study, exploring continuous
thresholds from 0 to 100% and from 0 to 20, MTV of the
primary tumour computed with a relative threshold of 35%
was the highest prognostic parameter of OS, with a c-index of
0.62. However, MTVof the primary tumour between 35 and
55% was also significantly correlated with OS, with slightly
different of c-indexes (ranging from 0.6 to 0.62) (Fig. 1).

Most studies testing the prognostic value of PET imaging
have exclusively focused on the primary tumour [16, 17,
36–39] because lymph node analysis appears particularly

complex, given the number of lymph nodes and the choice
of SUVMax to compute MTV and/or TLG. A limited number
of studies have computed MTVof the lymph nodes using an
absolute threshold of 1.5 [40] or 2.5 [41] or a relative thresh-
old of 50% of the SUVMax only for the largest lymph node
[14]. Based on PET performed during the third week of treat-
ment for 75 patients with node-positive LAHNC, a reduction
in the total node TLG of greater than 50% was highly corre-
lated with an improvement in OS [41]. To compute lymph
node MTV, we used SUVMax of the primary tumour as the
reference considering all the metastatic lymph nodes, which
were defined based on the RECIST 1.1 criteria [42] and
SUVMax. In univariate analysis, we identified a large number
of lymph node PET parameters prognostic of OS (Fig. 1), with
c-indexes ranging from 0.5 to 0.61. Both analyses of the pri-
mary tumour and the lymph nodes were clearly justified, im-
proving the prediction capability in multivariate analysis by
up to 0.72. Moreover, the best clinical model (without PET
parameters), including N-staging, p16 status and tumour site,
achieved a c-index of 0.66, lower than the model including
PET parameters. Furthermore, the external validation of this
clinical model failed (c-index = 0.63, p = 0.06). In a recent
study, a nomogram prognostic of overall survival for oropha-
ryngeal cancer based on clinical and biological values
achieved a c-index of 0.68 in the validation cohort.
However, this nomogram was for oropharynx cancer and in-
cluded nine parameters [1]. Our model achieved a similar
value of c-index (0.66) in the validation cohort with a fewer
number of parameters (4), and could be used regardless the
tumour site. The combination of PET and biological parame-
ters may improve the prediction capabilities of such models.

Our study had some limitations. First, the analysis was
retrospective, but the endpoint was OS. A large number of

Fig. 3 Predicted and observed
Kaplan–Meier curves of OS for
the validation cohort. The red line
indicates the observed OS for the
validation cohort, and the red
area corresponds to the 95%
confidence interval. The green
line indicates the predicted OS
when applying the prognostic
model to the patients of the
validation cohort. The predicted
OS is included in the 95% CI of
the observed OS
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