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ABSTRACT		

Aim:	 To	 investigate	 the	 prognostic	 value	 of	 metabolic	 tumour	 volume	 (MTV)	

determined	 by	 fluorodeoxyglucose	 	 (FDG)	 positron	 emission	 tomography/computed	

tomography	 (PET/CT)	 in	 patients	 experiencing	 a	 first	 recurrence	 of	metastatic	 breast	

cancer	(MBC).		

Methods:	 From	December	2006	 to	August	2013,	49	women	with	a	 first	 recurrence	of	

MBC	 were	 retrospectively	 included.	 FDG-PET/CT	 was	 performed	 within	 one	 month	

before	 systemic	 treatment.	 Three	 sets	 of	 MTV	 were	 calculated	 with	 Beth	 Israel	 (BI)	

software:	(a)	based	on	an	absolute	threshold	selecting	voxel	with	standardized	uptake	

value	(SUV)	>2.5	(MTV2.5)	;	(b)	applying	a	per-lesion	threshold	of	41%	of	the	maximum	

SUV	(SUVmax)	(MTV41)	 ;	(c)	using	a	per-patient	adapted	threshold	based	on	PERCIST	

definition	 of	 measurable	 target	 lesion	 defined	 by	 SUV>	 1.5-fold	 greater	 than	 liver	

SULmean	 +	 2	 standard	 deviations	 (SD)	 (MTVP).	 MTV	 analysis	 was	 dichotomised	 by	

median	value	and	overall	survival	(OS)	with	each	MTV	methodology	was	determined	by	

Kaplan-Meier	 survival	 curves	 and	 log	 rank	 test.	 Spearman	 rank	order	 correlation	was	

performed	to	establish	the	correlation	between	MTVP	and	CA15-3	value.		

Results:	Median	follow-up	period	was	34	months	(range:	8-72	months)	during	which	21	

patients	died.	Median	MTV	value	for	MTV2.5,	MTV41	and	MTVP	were	respectively	24	ml		

(range:	0-1302),	34.5	ml	 	 (range:	1.4-876.8),	26.9ml	 (range:	0.38-1796.1).	By	 log-rank	

analysis,	 a	 high	 (supramedian)	 MTV	 value	 was	 able	 to	 predict	 OS	 using	 all	

methodologies	(p=0.031,	 0.027	 and	 0.002	 respectively).	 Time	 delay	 longer	 than	 5-y	

between	initial	diagnosis	and	recurrence	(26	of	the	49	patients)	was	also	predictor	of	OS	

(p	 <	 0.001).	 When	 the	 patients	 were	 classified	 into	 four	 groups	 according	 to	 the	
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combined	factors	of	MTVP	and	time	delay,	MTVP	was	predictive	of	OS	in	patients	with	a	

relapse	time	<5	years	(mean	survival	time:	60	months	versus	27	months;	p	=	0.026),	but	

not	in	patients	with	time	delay	longer	than	5-y.	SUVmax	and	initial	diagnosis	stage	were	

not	 predictors	 of	 OS.	 No	 statistically	 significant	 relationship	 was	 observed	 between	

MTVP	 and	 CA15-3	 value.	 By	 multivariate	 analysis,	 only	 MTV	 remained	 independent	

predictor	of	survival.	

Conclusion:	 In	 patients	 experiencing	 a	 first	metastatic	 recurrence	 of	 breast	 cancer,	 a	

higher	 (supramedian)	 baseline	 Metabolic	 Tumor	 Volume	 defined	 by	 FDG	 PET/CT	

performed	before	 treatment,	predicts	worse	OS.	This	prognostic	value	of	FDG	PET/CT	

parameters	appears	complementary	to	clinical	parameters	such	as	time	delay	between	

initial	diagnosis	and	recurrence.	
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INTRODUCTION 

 

 

Breast	cancer	(BC)	 is	 the	most	commonly	diagnosed	malignant	disease	among	women	

and	 is	 one	 of	 the	 leading	 causes	 of	 cancer-related	 death	 among	 women	 (1)	 after	

experiencing	a	relapse	and	metastases.	Despite	major	 improvements	 in	understanding	

breast	 cancer	 biology	 and	 in	 development	 of	 personalized	 therapeutic	 strategies,	

metastatic	breast	cancer	(MBC)	remains	a	therapeutic	challenge,	with	a	median	survival	

of	 29	 months	 for	 de	 novo	 metastatic	 disease	 and	 21	 month	 for	 recurrent	 metastatic	

breast	cancer	(2–4).	Thus,	it	appears	worthwhile	to	develop	new	diagnostic	strategies	in	

order	to	stratify	prognosis	and	to	guide	therapy.			

18F-fluorodeoxyglucose	(FDG)	Positron	Emission	Tomography/	Computed	Tomography	

(PET/CT)	is	gaining	usefulness	in	determining	the	prognosis	of	various	types	of	cancer	

(5),	and	is	now	widely	used	for	detection	of	disease	recurrence	in	patients	with	breast	

cancer	(6).		

Moreover,	FDG	PET	gives	the	opportunity	to	quantify	tumor	metabolism,	using	several	

parameters.	SUVmax	is	mainly	used	in	both	clinical	routine	and	research,	as	it	is	easily	

used	 and	 highly	 reproducible	 with	 modern	 computer	 software.	 	 However	 SUVmax	

limitations	(mainly	statistical	noise)	(7)	prompted	nuclear	physician	community	to	use	

derived	formed	of	SUV.	SUVmean	is	less	susceptible	to	statistical	noise	but	suffers	from	

poor	reproducibility.	SUVpeak	(SUVmean	in	a	volume	defined	around	SUVmax)	was	also	

introduced	as	a	compromise	between	SUVmax	and	SUVmean.	 In	order	 to	approximate	

the	whole	volume	of	metabolically	active	disease,	Metabolic	 tumor	volume	 (MTV)	and	

other	measurement	such	as	Total	lesion	glycosis	(TLG)	were	introduced	(8).	
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MTV	and	TLG	usefulness	 in	determining	 the	prognosis	 in	primary	breast	 cancer,	with	

positive	axillary	lymph	nodes	(9)	and	metastatic	breast	cancer	(10–12)	is	starting	to	be	

proven.	 However	 none	 of	 these	 studies	 have	 specifically	 examined	 metastatic	 breast	

cancer	relapse	or	original	MTV	thresholds.		

The	 aim	of	 our	 study	was	 to	 investigate	 the	prognostic	 value	 of	 FDG	PET/CT	derived	

parameters	 in	patients	experiencing	a	first	metastatic	recurrence	of	breast	cancer,	and	

specifically	 to	 confirm	 that	 quantitative	measurements	 of	 FDG	avidity	 (MTV	and	TLG)	

are	predictors	of	overall	survival	and	to	test	reliability	of	several	MTV	cutoff.		
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MATERIALS AND METHODS 

Patients	

A	retrospective	analysis	was	performed	on	consecutive	patients	with	a	history	of	BC	and	

suspicion	 of	 recurrence	 who	 were	 referred	 for	 FDG	 PET/CT	 at	 our	 institution	 from	

December	2006	to	August	2013.	

This	retrospective	analysis	was	compliant	with	the	ethical	standards	of	the	committees	

with	responsibility	for	human	experimentation	(CPP	Est	I,	France)	and	with	the	Helsinki	

Declaration	 of	 1975,	 as	 revised	 in	 2008.	 All	 patients	 granted	 permission	 to	 review	

medical	 records	 at	 the	 time	 of	 PET/CT	 imaging	 according	 to	 our	 institution’s	

investigational	review	board	guidelines	for	informed	consent.		

The	inclusion	criteria	of	the	study	were	as	follows:	(a)	a	history	of	confirmed	histologic	

diagnosis	of	primary	BC	treated	initially	with	curative	intent;	(b)	evidence	of	at	least	one	

distant	metastasis	on	FDG	PET/CT,	confirmed	by	histological	examination	or	evidence	of	

progression	on	clinical	and/or	imaging	follow-up;	(c)	availability	of	follow-up	data	for	at	

least	6	months	following	PET/CT;	(d)	unequivocal	determination	of	clinical	status	at	the	

time	of	the	clinical	follow-up.	

FDG-PET/CT	was	performed	within	one	month	before	starting	the	first	line	of	metastatic	

systemic	treatment.	Patients	receiving	systemic	treatment	 for	metastatic	breast	cancer	

prior	to	PET/CT	were	excluded.	

For	 all	 patients,	 medical	 records	 were	 reviewed	 to	 gather	 clinical	 data,	 including	

information	on	age,	stage	at	the	initial	diagnosis	(I,	II,	III	or	IV)	tumor	phenotype	(HER+;	
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Triple	 negative:	 HER-,	 Hormonal	 receptor-;	 Luminal:	 HER2-/HR+),	 histology,	 CA15-3	

serum	levels	and	final	outcome.		

Immunostaging	was	performed	on	an	automated	immunostainer	(Ventana	XT,	Tucson).	

We	 examined:	 oestrogen	 receptors	 (ER)	 using	 prediluted	 rabbit	monoclonal	 antibody	

SP1,	progesterone	receptors	(PR)	using	prediluted	rabbit	monoclonal	antibody	1E2	and	

HER2	expression	using	prediluted	rabbit	monoclonal	antibody	4B5.	

ER	and	PR	status	were	considered	positive	if	tumor	showed	more	than	10%	of	positive	

cells.	HER2	status	was	 considered	positive	according	 to	HerceptTest	 scoring	 system	 if	

score	 was	 3+.	 The	 2+	 scores	 had	 fluorescent	 in	 situ	 hybridization	 (FISH)	 (ZytoLight,	

SPEC	HER2/CEN17	Dual	Color	Prob	Kit)	according	to	ASCO/CAP	criteria.	

	

FDG-PET/CT	acquisition	and	Processing	

Whole-body	 FDG	 PET/CT,	 performed	 at	 baseline	 before	 any	 systemic	 treatment,	 was	

acquired	 sequentially	 using	 a	 dedicated	 PET/CT	 system	 (Gemini	 GXL	 from	December	

2006	 to	December	2010	and	Gemini	TF	 from	December	2010	 to	August	2013;	Philips	

Medical	 Systems,	 Eindhoven,	 The	Netherlands).	 Before	 FDG	 injection,	 all	 patients	 had	

fasted	except	 for	 glucose	 free	oral	hydration	 for	 a	 least	6h.	Their	blood	glucose	 levels	

were	measured	 before	 the	 injection	 of	 the	 tracer	 to	 ensure	 levels	 below	 10	mmol/L.	

Patients	were	administered	5	MBq/kg	(Gemini	GXL)	or	3	MBq/kg	(Gemini	TF)	of	FDG	

through	the	antecubital	vein.	Whole	body	imaging	began	60	minutes	after	injection	and	

the	examination	was	performed	 from	midthigh	 level	 to	 the	base	of	 the	skull.	Emission	

data	were	all	corrected	for	dead	time,	random	and	scatter	coincidences	and	attenuation	



	
		 	 	
	

	
23	

before	 reconstruction	 using	 the	 three-dimensional	 row	 action	 maximum	 likelihood	

algorithm	(3D-RAMLA;	Philips	Medical	Systems	Inc).	

Transmission	data	used	for	attenuation	correction	were	obtained	from	a	low-dose	non-

diagnostic	CT	acquisition	(140	kV	and	40-120	mA),	without	contrast	enhancement.	

	

	

	

FDG-PET/CT	image	analysis	

FDG-PET/CT	 findings	were	 interpreted	by	an	experienced	nuclear	medicine	physician,	

using	 Beth-Israel	 PET-CT	 viewer	 plug-in	 for	 Image	 J	 software	 from	 FIJI	

(http://www.fiji.sc).	 Orthogonal	 CT,	 PET	 and	 fused	 PET/CT	 images	 were	 displayed	

simultaneously.	 The	 PET	 data	 were	 also	 displayed	 in	 a	 rotating	 maximum-intensity	

projection.	 Beth-Israel	 PET-CT	 viewer	 enable	 to	 draw	 spherical	 or	 non-spherical	

outlines	 to	 define	 adapted	 regions	 of	 interest	 (ROI)	 in	 order	 to	 measure	 metabolic	

parameters	 for	every	single	metastatic	site.	The	Standardized	Uptake	Value	(SUV)	was	

calculated	as	follows:	

𝑆𝑈𝑉 =
𝐶 𝑡
𝐴
𝐵𝑊

	

	

Where	BW	=	body	weight	(g),	C(t)	=	radioactivity	concentration	in	volume	of	interest	at	

time	t	(MBq/mL),	and	D	=	injected	dose	(MBq).	The	attenuation-corrected	PET	emission	

scan	 was	 expressed	 in	 Bq/ml;	 the	 non–attenuation-corrected	 PET	 emission	 scan,	 in	

arbitrary	activity	units;	and	the	low-dose	CT,	in	CT	density	units	(Hounsfield	numbers);	
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SUVmax	 (the	 single	 voxel	 within	 the	 ROI	 with	 the	 greatest	 SUV),	 SUVpeak	 were	 also	

recorded	(3D	peak	VOI	determined	-	when	possible	-	using	a	sphere	with	a	diameter	of	

approximately	1.2cm	to	produce	a	1.0	ml	spherical	ROI	positioned	such	that	the	average	

value	across	all	positions	within	 the	 lesion	 is	maximised)	and	SUVmean	 for	every	ROI	

were	also	recorded.	Metastatic	site	(bone,	lung,	liver,	lymph	nodes)	were	registered	for	

every	ROI.	

For	 every	 defined	 ROI	 and	 SUVmax	 recorded,	 measurements	 of	 MTV	 (cm3)	 and	 TLG	

(SUVmean	 x	 cm3)	were	 obtained.	MTV	was	 defined	 as	 the	 volume	of	 voxels	with	 SUV	

above	a	defined	threshold	and	TLG	as	the	product	of	MTV	and	the	SUV	mean	of	voxels	

within	the	MTV.	We	used	three	different	thresholds	in	order	to	determine	the	MTV:	

(a)	 A	 fixed	 threshold	 of	 SUV=2.5	 (MTV2.5):	 every	 voxel	 in	 the	 ROI	 drawn	 around	 the	

focus	of	18	FDG	considered	as	a	metastatic	site	having	a	SUV	over	2.5	was	 included	in	

the	calculation	of	the	MTV.	

	(b)	A	relative	per-lesion	threshold	of	41%	of	SUVmax	(MTV41):	every	voxel	 in	the	ROI	

drawn	 around	 the	 focus	 of	 18	 FDG	 considered	 as	 a	metastatic	 site	 having	 a	 SUV	over	

41%	of	the	SUVmax	measured	in	the	ROI	was	included	in	the	calculation	of	the	MTV.	

	(c)	 A	 per-patient	 adapted	 threshold	 inspired	 by	 PERCIST	 definition	 of	 measurable	

target	 lesion	 (MTVP):	 every	 voxel	 in	 the	 ROI	 drawn	 around	 the	 focus	 of	 18	 FDG	

considered	 as	 a	 metastatic	 site	 having	 a	 SUV	 over	 1.5-fold	 than	 liver	 SULmean	

(calculated	 in	3-cm-diameter	spherical	ROI	 in	 the	right	 lobe	of	 the	 liver)	+	2	Standard	

deviations	(SD)	(13)	was	included	in	the	calculation	of	the	MTV.		

All	measurements	were	recorded	as	maximums	for	each	metastatic	site.	
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Statistical	Analysis	

All	quantitative	data	were	expressed	as	mean	+/-	standard	deviation	(SD)	or	median	as	

appropriate,	and	qualitative	data	were	expressed	as	numbers	and	percentages.	

The	correlation	between	different	MTV	values	calculations	was	computed	using	Pearson	

coefficient	and	the	differences	were	assessed	using	Bland-Altman	analysis	and	Student’s	

t-test.	

The	 primary	 outcome	measurement	 was	 Overall	 Survival	 (OS).	 Estimates	 of	 OS	 were	

computed	using	the	Kaplan	Meier	method,	a	log-rank	test	was	performed	to	analyse	the	

effects	of	the	following	PET/CT	parameters	on	outcome:	SUVmax	(corresponding	to	the	

highest	SUVmax	of	 the	whole	malignant	 lesions),	MTV	(MTV2,5,	MTV41,	MTVP)	and	TLG	

(TLG2,5,	TLG41,	TLGP),	all	dichotomised	by	median	value.		

Spearman	 rank	order	 correlation	was	performed	 to	 establish	 the	 correlation	between	

MTVP	and	CA15-3	value.	

Two	 separate	 cox	 regression	 multivariate	 analysis	 were	 performed	 to	 determine	

independent	predictors	of	survival.		
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RESULTS 

Patient	characteristics	

Forty-nine	patients	with	 a	 first	metastatic	 breast	 cancer	 relapse	were	 included	 in	 our	

study.	 Demographic	 of	 the	 patient,	 histologic	 type	 and	 grade,	 stage	 at	 the	 initial	

diagnosis,	disease	free	interval	and	metastatic	sites	are	summarized	in	Table	1.	

The	median	age	of	the	49	patients	was	51.2	years	at	the	time	of	initial	diagnosis	(range,	

32.5-73.2	 years)	 and	 58.9	 years	 at	 the	 time	 of	 the	 first	 recurrence	 (range,	 36.1-82.2	

years).	Median	follow-up	period	was	34	months	(range:	8-72	months)	during	which	21	

patients	died	(43%).	Median	relapse	time	was	69	months	(range:	14-250	months).		
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Characteristics	 		

Number	of	
patients	
(%)	 		

		 		 		 		

Histology	 		 		 		

Ductal	 		 35	(72%)	 		

Lobular	 		 5(10%)		 		

Other	 		 1	(2%)		 		

Unknown	 		 8	(16%)		 		

		 		 		 		

Histological	grade	of	the	primary	
tumour	 		 		 		

1-2	 		 22(45%)	 		

3	 		 21(43%)	 		

Unknown	 		 6(12%)	 		

		 		 		 		

Stage	at	the	initial	diagnosis	 		 		 		

I	 		 10	(20%)	 		

II	 		 28(57%)	 		

III	 		 11(23%)		 		

IV	 		 0(0%)	 		

		 		 		 		

Phenotype	 		 		 		

HER2	 		 9(18%)		 		
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Triple	negative	 		 36(74%)	 		

Luminal	 		 4(8%)	 		

		 		 		 		

Disease	free	interval	 		 		 		

<2	years	 		 4(8%)	 		

2-5	years	 		 18(37%)	 		

>5	years	 		 27(55%)	 		

		 		 		 		

Median	n°	of	metastatic	disease	sites	(min-
max)	 5	(1-90)	 		

		 		 		 		

Disease	site	 		 		 		

Lung	 		 9(18%)	 		

Liver	 		 6(12%)	 		

Bone	 		 37(76%)	 		

Lymph	nodes	 		 30(61%)	 		

		 		 		 		

	

HER-2=	Human	Epidermal	Growth	Factor	Receptor-2	

Table	1:	Patient	characteristics.	
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PET	Parameters	and	comparison	of	MTV	methodologies	

For	the	study	population,	the	mean	SUVmax	value	was	8.1	+/-	4.2	(range:	2.26	–	18.8),	

mean	 MTV	 value	 for	 MTV2.5,	 MTV41	 and	 MTVP	 were	 respectively	 84.4	 ml	 	 (range:	 0-

1302),	 80.2	 ml	 	 (range:	 1.4-876.8),	 104.9ml	 (range:	 0.38-1796.1),	 mean	 TLG	

corresponding	 value	 for	 TLG2.5,	 TLG41	 and	 TLGP	were	 respectively	 406.6g	 (range:	 0.0-

7002),	361.4g	(range:	5.7-5591)	and	448.1g	(range:	0.95-8023).	

The	median	value,	 the	25	 to	75	percentile,	 the	10	and	90	percentile	of	MTV2.5,	MTV41,	

MTVP	methodologies	are	reported	in	Figure	1.	
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Figure	 1:	 MTV	 distribution	 according	 to	 each	 methodology.	 MTV	 distribution	 with	

median	 (black	 line),	 25	 to	 75	 percentile	 (grey	 boxes),	 10	 and	 90	 percentile	 (edges)	

according	to	each	MTV	methodology		
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The	 Bland	 Altman	 analysis	 	 between	 the	 three	 different	 MTV	 methodologies	 are	

represented	in	Figure	2.	

	

	

Figure	 2	 (a):	 Bland	 Altman	 analysis	 of	 different	 MTV	 methodologies.	 Bland-Altman	

analysis	comparing	MTV	values	of	 	MTV2.5	with	MTV41.	Solid	lines	represent	mean	bias	

and	limits	of	agreements.	
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Figure	 2	 (b):	 Bland	 Altman	 analysis	 of	 different	 MTV	 methodologies.	 Bland-Altman	

analysis	comparing	MTV	values	of	 	MTV2.5	with	 	MTVP.	Solid	lines	represent	mean	bias	

and	limits	of	agreements.	
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Figure	 2	 (c):	 Bland	 Altman	 analysis	 of	 different	 MTV	 methodologies.	 Bland-Altman	

analysis	comparing	MTV	values	of	MTVP	with	MTV41.	Solid	lines	represent	mean	bias	and	

limits	of	agreements.	
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MTVP	and	CA	15-3	did	not	show	any	significant	correlation	using	spearman	rank	order	

correlation	(correlation	coefficient:	0.0974;	p	=	0.504)	

	

Kaplan	Meier	Survival	analysis	

MTV2.5,	MTV41	and	MTVP	methodologies	were	predictive	of	OS	after	dichotomisation	by	

median	 value.	 Patients	 with	 high	 MTV	 value	 having	 an	 unfavourable	 prognostic	 (37	

months	versus	54	months	mean	 survival	 time,	p=0.031;	36	months	versus	54	months	

mean	survival	time,	p	=	0.027	and	34	months	versus	57	months	mean	survival	time,	p	=	

0.002	respectively)	(Figure	3	(a),	(b),	(c)).	
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Figure	3	(a):	Overall	survival	dichotomised	by	MTV2.5	median	value.		
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Figure	3	(b):	Overall	survival	dichotomised	by	MTV41	median	value.	
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Figure	3	(c):	Overall	survival	dichotomised	by	MTVP	median	value.	
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In	the	continuity	of	MTV	results,	TLGP	was	also	predictive	of	OS	after	dichotomisation	by	

median	 value.	 Patients	with	 a	 high	TLG	 value	 also	 having	 an	 unfavourable	 prognostic	

(34	months	versus	57	months,	p=0,002)	(Figure	4).	

	

Figure	4:	Overall	survival	dichotomised	by	TLGp	median	value.	
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Time	delay	between	initial	diagnosis	and	recurrence	was	also	predictive	of	OS,	patients	

with	 a	 time	 delay	 less	 than	 5	 years	 invasion	 having	 an	 unfavourable	 prognosis	 (39	

months	 for	 short	 time	 delay	 recurrence	 versus	 51	 months	 for	 long	 time	 delay	

recurrence;	p	=	0.018	(Figure	5)).	
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Figure	 5:	 Overall	 survival	 stratified	 by	 time	 delay	 between	 initial	 diagnosis	 and	

recurrence	(<5	years	or	>	5	years).	
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Then	 patients	 were	 divided	 into	 four	 groups	 according	 to	 MTVP	 and	 time	 delay:	 (a)	

MTVP	<	median	value	and	time	delay	>	5	years;	(b)	MTVP	<	median	value	and	time	delay	

<	5	years;	(c)	MTVP	>	median	value	and	time	delay	>	5	years;	(d)	MTVP	>	median	value	

and	time	delay	<	5	years.	The	OS	of	the	four	groups	differed	significantly	(mean	OS:	52	

months,	60	months,	48	months	and	26	months	respectively;	p	<	0.001).		

OS	differed	significantly	between	group	(a)	and	(d)	(p	=	0.004)	and	between	groups	(b)	

and	(d)	(p	=	0.03)	(Figure	6).	
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Figure	6:	Overall	survival	stratified	by	Combined	factor	of	MTVP	(<	median	value	or	>	

median	value)	and	time	delay	(<5	years	or	>	5	years).	
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Cox	regression	analysis	and	overall	survival	

Results	of	Cox	regression	analysis	are	shown	in	Table	2.	Two	multivariate	analysis	were	

performed	in	order	to	separate	MTV	and	TLG	prognostic	value	as	they	are	closely	tied	to	

each	other.	

By	univariate	analysis,	recurrence	delay	shorter	than	5	years,	MTV	and	TLG	higher	than	

median	 value	 were	 predictive	 of	 death.	 By	 multivariate	 analysis,	 only	 MTV	 and	 TLG	

remained	predictive	of	death	(Table	2).	

	

		 Univariate	analysis	 Multivariate	
analysis	1	

Multivariate	
analysis	2	

		
HR	[95%	

CI]	 p	
HR	[95%	

CI]	 p	
HR	[95%	

CI]	 p	

Initial	T	stage	
1.2	[0.7-
227]	

0.48	 -	 -	 -	 -	

Initial	N	stage	 1.1	[0.7-1.7]	 0.64	 -	 -	 -	 -	

recurrence	delay<5	years	
3.0	[1.2-
7.783]	

0.024	
2.46	[0.94-
6.41]	

0.067	
2.5	[0.96-
6.41]	

0.061	

Triple	negative	phenotype	 2.5	[0.7-8.7]	 0.143	 -	 -	 -	 -	

SUVmax>	median	value	 1.5	[0.6-3.7]	 0.332	 -	 -	 -	 -	

MTVP>	median	value	
4.4	[1.6-
12.5]	

0.005	
3.86	[1.36-
10.97]	

0.011	 -	 -	

TLGP>	median	value	
4.6	[1.6-
12.8]	

0.004	 -	 -	
4[1.42-
11.39]	

0.009	

	

Table	2:	Results	of	Cox	regression	analysis	and	Overall	Survival	
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DISCUSSION 

FDG	 PET/CT	 is	 known	 to	 play	 an	 important	 role	 in	 staging	 and	 restaging	 of	 breast	

cancer	 (6).	 Beyond	 lesion	 detection,	 FDG	 PET/CT	 gives	 the	 opportunity	 to	 quantify	

metabolic	 tumor	 burden,	 in	 patients	 with	 metastatic	 breast	 cancer.	 However,	 the	

interest	 of	 this	 quantification	 for	 prognostic	 stratification	 and	 development	 of	

therapeutic	strategies	remains	to	be	clarified.	

The	 results	 of	 our	 study	 demonstrate	 the	 ability	 of	 MTV	 to	 predict	 OS	 in	 patients	

experiencing	 a	 first	 metastatic	 recurrence	 of	 BC	 who	 underwent	 FDG-PET/CT	 before	

any	systemic	treatment.	Moreover,	evaluation	of	baseline	MTV	appears	complementary	

to	clinical	parameters	such	as	time	delay	between	initial	diagnosis	and	recurrence.		

Several	prior	retrospective	monocentric	studies	evaluated	the	prognostic	value	of	FDG	

derived	parameters	and	 their	 correlation	with	 clinical	biomarkers	 (histologic	 subtype,	

phenotype	or	tumor	grade)	in	the	setting	of	breast	cancer	(14–17).	Nevertheless	none	of	

theses	 studies	 evaluated	MTV	 or	 TLG	 prognostic	 value.	 	 Later	 on,	 other	 studies	 then	

integrated	 MTV	 and	 TLG	 prognostic	 value	 evaluation.	 However	 these	 studies	 used	

methodological	approaches	and	were	used	in	clinical	situations	different	from	our	study.	

First,	Ulaner	et	al,	 in	a	population	of	253	patients	with	MBC	(including	26%	of	de	novo	

metastatic	 disease)	 evaluated	 the	 prognostic	 value	 of	 FDG	 derived	 parameters	 (SUV,	

MTV	and	TLG)	determined	for	each	lesion	site	(bone,	lung,	liver	and	lymph	nodes),	but	

did	not	evaluated	the	prognostic	value	of	global	FDG	derived	parameters	(12).	Satoh	et	

al	 and	Son	et	 al	 demonstrated	 the	prognostic	 value	of	 global	 FDG	derived	parameters	

only	 in	 de	 novo	MBC	 patients	 (10,11).	 Finally,	 Taghipour	 et	 al	 showed	 that	 SUVmax,	

SUVpeak	 and	 TLG	 from	 baseline	 FDG	 PET/CT	where	 significant	 prognostic	 factors	 in	



	
		 	 	
	

	
45	

case	of	recurrent	BC	but	in	a	heterogenous	population	of	78	patients	experiencing	local	

(n=22),	regional	(n=12)	or	metastatic	recurrence	(n=44).	

To	our	knowledge	only	Taghipour’s	study	(18)	have	evaluated	FDG	derived	parameters	

usefulness	to	predict	OS	in	recurrent	metastatic	beast	cancer		and	none	have	compared	

MTV’s	 threshold	 efficiency	 (more	 specifically	 no	 study	 have	 evaluated	 a	 per-patient	

adapted	threshold	based	on	PERCIST	definition	of	measurable	target	lesion).		

OS	 study	 of	 recurrent	 metastatic	 breast	 cancer	 seemed	 more	 legitimate	 than	 mixed	

population	 of	 initial	 metastatic	 breast	 cancer	 and	 recurrences	 (10,12)	 as	 clinical	

presentation	 and	 prognosis	 for	 these	 different	 populations	 is	 known	 to	 be	 different	

(2,19–21).	 Excluding	 regional	 recurrence	 also	 seemed	 more	 legitimate	 as	 regional	

recurrence	patients	have	significant	better	outcome	than	distant	metastatic	recurrence	

patients	 (22,23)	 ;	 regional	 recurrence	 allowing	 more	 specific	 and	 more	 effective	

treatments	such	as	surgical	removal	or	radiotherapy.	

In	our	 study,	 all	MTV	 threshold	methodologies	were	 significantly	 related	 to	OS,	MTV	P	

being	 the	most	 significant.	Metabolic	 tumor	 delineation	 is	 variable	 from	 one	 study	 to	

another	 as	 there	 are	 no	 recommendations	 for	 using	 a	 standardized	 method	 in	 solid	

tumors.	Indeed,	MTVP	is	the	most	significant;	it	is	also	adaptive	threshold	(as	41%)	that	

are	 known	 to	 be	 more	 reproducible	 than	 fixed	 thresholds	 even	 if	 they	 induce	 a	 VOI	

drawing	 variability	 (24).	 Fixed	 thresholds	 (most	 used	 are	 SUV	 2.5	 and	 3.0)	 are	 the	

simplest	way	to	determine	MTV,	and	may	reduce	inter-observer	variability	in	calculating	

MTV	value.	However,	fixed	thresholds	are	strongly	limited	by	the	lack	of	reproducibility	

of	 SUV	 values	 between	 PET/CT	 examination	 and	 equipment’s	 leading	 to	 a	 higher	

variability	 (7).	 Fixed	 thresholds	 are	 also	 limited	 for	MTV	 calculation	 as	 zero	 set	MTV	



	
		 	 	
	

	
46	

value	 is	 possible	 in	patients	having	 low	FDG	uptake	 tumors	 and	has	occurred	 for	 one	

patient	in	our	study.	A	zero	set	MTV	value	is	impossible	for	a	relative	per	lesion	adaptive	

threshold	as	 its	calculation	 is	based	on	a	percentage	of	a	positive	SUV	(SUVmax	of	 the	

tumor	ROI).	For	the	per	patient	adaptive	threshold	using	PERCIST’s	definition	of	target	

lesion,	 a	 zero	 set	 MTV	 value	 is	 possible	 if	 there	 are	 no	 target	 lesions	 as	 defined	 by	

PERCIST	which	is	quite	unlikely.	However,	 in	this	case	if	MTV	value	was	measurable	it	

would	probably	be	very	low	whatever	the	threshold	used.	

Even	if	adaptive	thresholds	seem	more	efficient	than	fixed	ones,	they	also	have	pitfalls.		

MTV	may	be	underestimated	 in	highly	FDG	avid	 tumors	 and	heterogenous	 lesions	 for	

per-lesion	adaptative	thresholds.	Such	thresholds	might	also	overestimate	MTV	in	case	

of	 low	 tumor	FDG	uptake	 as	 41%	of	 the	 SUVmax	may	be	 lower	 than	 the	 surrounding	

background.	 The	 per-patient	 adaptive	 threshold	 has	 the	 advantage	 to	 avoiding	

heterogeneity	 issue	 described	 in	 per-lesion	 thresholds.	 Its	 limitation	 is	 intra	 and	

interobserver	 reproducibility	 to	 define	 the	 threshold	 based	 on	 liver	 FDG	 uptake	

measurements	as	no	specific	region	in	the	liver	is	defined	for	placing	the	ROI.	However	

liver	FDG	uptake	being	relatively	uniform	(25)	 ,	 liver	measurements	should	be	similar	

and	obtain	comparable	MTV	calculations.		

	We	defined	the	best	MTV	segmentation	method	as	the	one	having	the	most	significant	

statistical	prognosis	of	OS,	from	which	further	statistical	analysis	were	performed.		

	

In	 our	 study,	 SUVmax	 was	 not	 significantly	 associated	 with	 survival,	 which	 is	 not	

coherent	 with	 previous	 works	 (11,12,18).	 However	 SUVmax	 relies	 on	 single	 voxel	

information,	which	do	not	represent	the	whole	disease	spread	and	aggressiveness.	Thus,	
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other	studies	finding	SUVmax	significantly	associated	with	survival	admit	MTV	and	TLG	

measurements	are	more	valuable	as	they	report	the	whole	disease	FDG	avidity	and	have	

been	 confirmed	 for	 different	 solid	 tumors	 (26–28)	 and	 other	 studies	 even	 prove	 TLG	

superiority	for	OS	prognosis	(29,30)	or	clinical	treatment	response	(8)	over	SUVmax.		

Clinical	 and	 biologic	 parameters	 were	 also	 analysed.	 Time	 delay	 between	 initial	

diagnosis	 and	 recurrence	 is	 prognostic	 of	 OS,	 confirming	 recent	 studies	 (23,31,32).	

CA15-3	 level	 did	 not	 show	 any	 significant	 prognostic	 value,	 neither	 did	 it	 show	 any	

correlation	 with	 MTV	 P.	 CA	 15-3	 probably	 failed	 to	 be	 predictive	 of	 OS	 in	 our	 study	

probably	due	 to	 our	 small	 population	 compared	 to	 studies	 showing	CA15-3	 statistical	

significance	(33,34)	.	

We	looked	further	at	the	value	of	FDG-PET/CT	derived	parameters	combining	them	with	

clinical	 biomarkers.	 Population	 was	 stratified	 into	 four	 groups	 on	 the	 basis	 of	 MTVP	

median	 value	 and	 recurrence	 time	delay	 (5	 years).	 Results	 showed	 that	 patients	with	

both	high	MTVP	value	and	short	recurrence	time	delay	had	significantly	poorer	survival	

compared	 to	other	patient	groups.	To	our	knowledge,	 there	 is	no	other	study	 that	has	

evaluated	 the	 prognostic	 value	 of	 combined	 clinical	 biomarkers	 and	 FDG-PET/CT	

derived	parameters.	Recurrence	time	delay	is	a	significant	prognostic	parameter	in	our	

study,	confirming	results	obtained	on	larger	populations.	This	is	probably	due	to	the	fact	

that	a	short	recurrence	time	delay	reflects	more	aggressive	disease.	

	

The	strengths	of	this	study	include	a	long	clinical	follow	up,	a	homogeneous	population	

of	patients	experiencing	first	metastatic	recurrence	of	BC,	and	uniform	interpretation	of	

PET/CT	data	using	an	adjustable	software	tool	and	an	original	MTV	threshold	definition.	
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Our	 median	 follow	 up	 of	 34	 months	 provides	 extensive	 data,	 knowing	 the	 median	

survival	 of	 metastatic	 breast	 cancer	 is	 less	 than	 36	 months.	 Our	 uniform	 population	

including	 only	 first	 recurrent	 metastatic	 breast	 cancer	 provides	 useful	 results	 in	 this	

particular	 population.	 Uniform	 interpretation	 of	 data	 and	 the	 use	 of	 an	 adjustable	

software	 maximized	 reliability	 of	 measurements,	 which	 allowed	 testing	 original	 and	

clinically	relevant	MTV	threshold.	

The	major	 limitation	of	 this	 study	 is	 its	 retrospective	design	 that	 introduces	multiples	

biases	that	are	difficult	to	overcome.	Small	sample	size	was	also	a	major	limitation	and	

probably	 explains	 absence	 of	 prognostic	 significance	 of	well	 known	 biomarkers.	 Non-

uniform	 treatments	 regimens	 as	 the	 medical	 oncologists	 were	 not	 blind	 to	 the	 FDG	

PET/CT	 imaging	 results	 was	 also	 a	 limitation	 and	 may	 have	 affected	 survival.	 Our	

software	 could	 not	 evaluate	 gradient	 method	 for	 MTV	 calculation	 which	 has	 shown	

promising	results	(35).	A	 larger	multicenter	prospective	study	 is	needed	to	emphasize	

strengths	and	fulfil	limitations	in	order	for	this	preliminary	data	to	come	together.	
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CONCLUSION 

Our	results	suggest	that	in	patients	experiencing	a	first	metastatic	recurrence	of	breast	

cancer,	 a	 higher	 (supramedian)	 baseline	 Metabolic	 Tumor	 Volume	 defined	 by	 FDG	

PET/CT	performed	before	 treatment,	predicts	worse	OS.	This	prognostic	value	of	FDG	

PET/CT	parameters	appears	complementary	 to	clinical	parameters	such	as	 time	delay	

between	initial	diagnosis	and	recurrence.	

Larger	and	prospective	studies	are	needed	to	validate	 these	preliminary	results	but	 in	

the	 near	 future,	 information	 on	 baseline	 metabolic	 tumor	 burden	 could	 be	 used	 to	

elaborate	new	therapeutic	strategies.		

 

 

 

 

 

 

 

 

 

 



	
		 	 	
	

	
50	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	
		 	 	
	

	
51	

REFERENCES 

	

1.		 Jemal	A,	Bray	F,	Center	MM,	Ferlay	J,	Ward	E,	Forman	D.	Global	cancer	statistics.	CA	
Cancer	J	Clin.	2011	Apr;61(2):69–90.		

2.		 Lobbezoo	DJA,	van	Kampen	RJW,	Voogd	AC,	Dercksen	MW,	van	den	Berkmortel	F,	
Smilde	TJ,	et	al.	Prognosis	of	metastatic	breast	cancer:	are	there	differences	
between	patients	with	de	novo	and	recurrent	metastatic	breast	cancer?	Br	J	Cancer.	
2015	Apr	28;112(9):1445–51.		

3.		 Malvezzi	M,	Bertuccio	P,	Levi	F,	La	Vecchia	C,	Negri	E.	European	cancer	mortality	
predictions	for	the	year	2012.	Ann	Oncol	Off	J	Eur	Soc	Med	Oncol	ESMO.	2012	
Apr;23(4):1044–52.		

4.		 Lorusso	G,	Rüegg	C.	New	insights	into	the	mechanisms	of	organ-specific	breast	
cancer	metastasis.	Semin	Cancer	Biol.	2012	Jun;22(3):226–33.		

5.		 Krause	BJ,	Schwarzenböck	S,	Souvatzoglou	M.	FDG	PET	and	PET/CT.	Recent	Results	
Cancer	Res	Fortschritte	Krebsforsch	Prog	Dans	Rech	Sur	Cancer.	2013;187:351–69.		

6.		 Groheux	D,	Cochet	A,	Humbert	O,	Alberini	J-L,	Hindié	E,	Mankoff	D.	18F-FDG	
PET/CT	for	Staging	and	Restaging	of	Breast	Cancer.	J	Nucl	Med	Off	Publ	Soc	Nucl	
Med.	2016	Feb;57	Suppl	1:17S	–	26S.		

7.		 Adams	MC,	Turkington	TG,	Wilson	JM,	Wong	TZ.	A	systematic	review	of	the	factors	
affecting	accuracy	of	SUV	measurements.	AJR	Am	J	Roentgenol.	2010	
Aug;195(2):310–20.		

8.		 Larson	SM,	Erdi	Y,	Akhurst	T,	Mazumdar	M,	Macapinlac	HA,	Finn	RD,	et	al.	Tumor	
Treatment	Response	Based	on	Visual	and	Quantitative	Changes	in	Global	Tumor	
Glycolysis	Using	PET-FDG	Imaging.	The	Visual	Response	Score	and	the	Change	in	
Total	Lesion	Glycolysis.	Clin	Positron	Imaging	Off	J	Inst	Clin	PET.	1999	
May;2(3):159–71.		

9.		 Nakajima	N,	Kataoka	M,	Sugawara	Y,	Ochi	T,	Kiyoto	S,	Ohsumi	S,	et	al.	Volume-based	
parameters	of	18F-fluorodeoxyglucose	positron	emission	tomography/computed	
tomography	improve	disease	recurrence	prediction	in	postmastectomy	breast	
cancer	patients	with	1	to	3	positive	axillary	lymph	nodes.	Int	J	Radiat	Oncol	Biol	
Phys.	2013	Nov	15;87(4):738–46.		

10.		 Satoh	Y,	Nambu	A,	Ichikawa	T,	Onishi	H.	Whole-body	total	lesion	glycolysis	
measured	on	fluorodeoxyglucose	positron	emission	tomography/computed	
tomography	as	a	prognostic	variable	in	metastatic	breast	cancer.	BMC	Cancer.	
2014;14:525.		



	
		 	 	
	

	
52	

11.		 Son	SH,	Lee	S-W,	Jeong	SY,	Song	B-I,	Chae	YS,	Ahn	B-C,	et	al.	Whole-Body	Metabolic	
Tumor	Volume,	as	Determined	by	(18)F-FDG	PET/CT,	as	a	Prognostic	Factor	of	
Outcome	for	Patients	With	Breast	Cancer	Who	Have	Distant	Metastasis.	AJR	Am	J	
Roentgenol.	2015	Oct;205(4):878–85.		

12.		 Ulaner	GA,	Eaton	A,	Morris	PG,	Lilienstein	J,	Jhaveri	K,	Patil	S,	et	al.	Prognostic	value	
of	quantitative	fluorodeoxyglucose	measurements	in	newly	diagnosed	metastatic	
breast	cancer.	Cancer	Med.	2013	Oct;2(5):725–33.		

13.		 Wahl	RL,	Jacene	H,	Kasamon	Y,	Lodge	MA.	From	RECIST	to	PERCIST:	Evolving	
Considerations	for	PET	Response	Criteria	in	Solid	Tumors.	J	Nucl	Med	Off	Publ	Soc	
Nucl	Med.	2009	May;50(Suppl	1):122S	–	150S.		

14.		 Gil-Rendo	A,	Martínez-Regueira	F,	Zornoza	G,	García-Velloso	MJ,	Beorlegui	C,	
Rodriguez-Spiteri	N.	Association	between	[18F]fluorodeoxyglucose	uptake	and	
prognostic	parameters	in	breast	cancer.	Br	J	Surg.	2009	Feb;96(2):166–70.		

15.		 Heudel	P,	Cimarelli	S,	Montella	A,	Bouteille	C,	Mognetti	T.	Value	of	PET-FDG	in	
primary	breast	cancer	based	on	histopathological	and	immunohistochemical	
prognostic	factors.	Int	J	Clin	Oncol.	2010	Dec;15(6):588–93.		

16.		 Basu	S,	Chen	W,	Tchou	J,	Mavi	A,	Cermik	T,	Czerniecki	B,	et	al.	Comparison	of	triple-
negative	and	estrogen	receptor-positive/progesterone	receptor-positive/HER2-
negative	breast	carcinoma	using	quantitative	fluorine-18	
fluorodeoxyglucose/positron	emission	tomography	imaging	parameters:	a	
potentially	useful	method	for	disease	characterization.	Cancer.	2008	Mar	
1;112(5):995–1000.		

17.		 Ueda	S,	Tsuda	H,	Asakawa	H,	Shigekawa	T,	Fukatsu	K,	Kondo	N,	et	al.	
Clinicopathological	and	prognostic	relevance	of	uptake	level	using	18F-
fluorodeoxyglucose	positron	emission	tomography/computed	tomography	fusion	
imaging	(18F-FDG	PET/CT)	in	primary	breast	cancer.	Jpn	J	Clin	Oncol.	2008	
Apr;38(4):250–8.		

18.		 Taghipour	M,	Wray	R,	Sheikhbahaei	S,	Wright	JL,	Subramaniam	RM.	FDG	Avidity	
and	Tumor	Burden:	Survival	Outcomes	for	Patients	With	Recurrent	Breast	Cancer.	
AJR	Am	J	Roentgenol.	2016	Apr;206(4):846–55.		

19.		 Saydam	BK,	Goksel	G,	Korkmaz	E,	Kapkac	M,	Ozdemir	N,	Sezgin	C,	et	al.	Comparison	
of	the	clinical	and	pathological	features	between	patients	with	recurrent	metastatic	
breast	carcinoma	and	patients	with	initially	metastatic	breast	carcinoma.	Saudi	
Med	J.	2008	Jan;29(1):81–6.		

20.		 Dawood	S,	Broglio	K,	Ensor	J,	Hortobagyi	GN,	Giordano	SH.	Survival	differences	
among	women	with	de	novo	stage	IV	and	relapsed	breast	cancer.	Ann	Oncol	Off	J	
Eur	Soc	Med	Oncol	ESMO.	2010	Nov;21(11):2169–74.		

21.		 Güth	U,	Magaton	I,	Huang	DJ,	Fisher	R,	Schötzau	A,	Vetter	M.	Primary	and	secondary	
distant	metastatic	breast	cancer:	two	sides	of	the	same	coin.	Breast	Edinb	Scotl.	
2014	Feb;23(1):26–32.		



	
		 	 	
	

	
53	

22.		 Moossdorff	M,	Vugts	G,	Maaskant-Braat	AJG,	Strobbe	LJA,	Voogd	AC,	Smidt	ML,	et	al.	
Contralateral	lymph	node	recurrence	in	breast	cancer:	Regional	event	rather	than	
distant	metastatic	disease.	A	systematic	review	of	the	literature.	Eur	J	Surg	Oncol	J	
Eur	Soc	Surg	Oncol	Br	Assoc	Surg	Oncol.	2015	Sep;41(9):1128–36.		

23.		 Sevelda	P,	Kührer	I,	Zielinski	CC,	Vavra	N,	Seifert	M,	Kubista	E,	et	al.	[Effect	of	
various	factors	on	survival	after	recurrent	and/or	metastatic	breast	cancer].	
Geburtshilfe	Frauenheilkd.	1991	May;51(5):387–92.		

24.		 Kanoun	S,	Tal	I,	Berriolo-Riedinger	A,	Rossi	C,	Riedinger	J-M,	Vrigneaud	J-M,	et	al.	
Influence	of	Software	Tool	and	Methodological	Aspects	of	Total	Metabolic	Tumor	
Volume	Calculation	on	Baseline	[18F]FDG	PET	to	Predict	Survival	in	Hodgkin	
Lymphoma.	PloS	One.	2015;10(10):e0140830.		

25.		 Paquet	N,	Albert	A,	Foidart	J,	Hustinx	R.	Within-patient	variability	of	(18)F-FDG:	
standardized	uptake	values	in	normal	tissues.	J	Nucl	Med	Off	Publ	Soc	Nucl	Med.	
2004	May;45(5):784–8.		

26.		 Alluri	KC,	Tahari	AK,	Wahl	RL,	Koch	W,	Chung	CH,	Subramaniam	RM.	Prognostic	
value	of	FDG	PET	metabolic	tumor	volume	in	human	papillomavirus-positive	stage	
III	and	IV	oropharyngeal	squamous	cell	carcinoma.	AJR	Am	J	Roentgenol.	2014	
Oct;203(4):897–903.		

27.		 Lee	JY,	Choi	JY,	Heo	JH,	Han	J,	Jang	SJ,	Kim	K,	et	al.	Prognostic	significance	of	volume-
based	18F-FDG	PET/CT	parameter	in	patients	with	surgically	resected	non-small	
cell	lung	cancer.	Comparison	with	immunohistochemical	biomarkers.	Nukl	Nucl	
Med.	2016	Feb	15;55(1):7–14.		

28.		 Tang	C,	Murphy	JD,	Khong	B,	La	TH,	Kong	C,	Fischbein	NJ,	et	al.	Validation	that	
metabolic	tumor	volume	predicts	outcome	in	head-and-neck	cancer.	Int	J	Radiat	
Oncol	Biol	Phys.	2012	Aug	1;83(5):1514–20.		

29.		 Zaizen	Y,	Azuma	K,	Kurata	S,	Sadashima	E,	Hattori	S,	Sasada	T,	et	al.	Prognostic	
significance	of	total	lesion	glycolysis	in	patients	with	advanced	non-small	cell	lung	
cancer	receiving	chemotherapy.	Eur	J	Radiol.	2012	Dec;81(12):4179–84.		

30.		 Groheux	D,	Hatt	M,	Hindié	E,	Giacchetti	S,	de	Cremoux	P,	Lehmann-Che	J,	et	al.	
Estrogen	receptor-positive/human	epidermal	growth	factor	receptor	2-negative	
breast	tumors:	early	prediction	of	chemosensitivity	with	(18)F-fluorodeoxyglucose	
positron	emission	tomography/computed	tomography	during	neoadjuvant	
chemotherapy.	Cancer.	2013	Jun	1;119(11):1960–8.		

31.		 D’hondt	R,	Spoormans	I,	Neyens	N,	Mortier	N,	Van	Aelst	F.	Survival	of	patients	with	
metastatic	breast	cancer:	a	single-centre	experience.	Acta	Clin	Belg.	2014	
Jun;69(3):194–9.		

32.		 Kim	HJ,	Ahn	SG,	Lee	HM,	Park	JT,	Han	K,	Lee	SA,	et	al.	Metastasis-Free	Interval	Is	
Closely	Related	to	Tumor	Characteristics	and	Has	Prognostic	Value	in	Breast	Cancer	
Patients	with	Distant	Relapse.	J	Breast	Cancer.	2015	Dec;18(4):371–7.		



	
		 	 	
	

	
54	

33.		 Tampellini	M,	Berruti	A,	Bitossi	R,	Gorzegno	G,	Alabiso	I,	Bottini	A,	et	al.	Prognostic	
significance	of	changes	in	CA	15-3	serum	levels	during	chemotherapy	in	metastatic	
breast	cancer	patients.	Breast	Cancer	Res	Treat.	2006	Aug;98(3):241–8.		

34.		 Yerushalmi	R,	Tyldesley	S,	Kennecke	H,	Speers	C,	Woods	R,	Knight	B,	et	al.	Tumor	
markers	in	metastatic	breast	cancer	subtypes:	frequency	of	elevation	and	
correlation	with	outcome.	Ann	Oncol	Off	J	Eur	Soc	Med	Oncol	ESMO.	2012	
Feb;23(2):338–45.		

35.		 Werner-Wasik	M,	Nelson	AD,	Choi	W,	Arai	Y,	Faulhaber	PF,	Kang	P,	et	al.	What	is	the	
best	way	to	contour	lung	tumors	on	PET	scans?	Multiobserver	validation	of	a	
gradient-based	method	using	a	NSCLC	digital	PET	phantom.	Int	J	Radiat	Oncol	Biol	
Phys.	2012	Mar	1;82(3):1164–71.		

 

 

 

  



	
		 	 	
	

	
55	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	

	

	

	



	
		 	 	
	

	
56	

TITRE DE LA THESE :  

 

VALEUR PRONOSTIQUE DES PARAMETRES DERIVES DE LA TEP/TDM AU 18FDG 
CHEZ DES PATIENTES PRESENTANT UNE PREMIERE RECIDIVE METASTATIQUE 

D’UN CARCINOME MAMMAIRE 

 

AUTEUR : DEPARDON EDOUARD 

RESUME : 

Objectifs : Evaluer la valeur pronostique de paramètres dérivés de la TEP/TDM 
au 18FDG tel que le volume tumoral métabolique (MTV) chez des patientes 
atteintes d’une première récidive métastatique d’un carcinome mammaire. 

Matériels et Méthodes : 49 patientes atteintes d’une première récidive 
métastatique d’un carcinome mammaire ayant bénéficié d’une TEP/TDM au 18-
FDG avant traitement, ont rétrospectivement été incluses entre décembre 2006 
et aout 2013. Le MTV a été calculé selon 3 méthodes de sélection des voxels: un 
seuil fixe de Standard Uptake Value (SUV) supérieur à 2,5 (MTV2,5), un seuil 
relatif de 41% du SUVmax (MTV41%) et un seuil adaptatif déterminé selon la 
définition d’une lésion mesurable défini par les critères PERCIST (PET Response 
Criteria In Solid Tumors) basé sur l’activité métabolique hépatique (MTVP). Les 
courbes de survie ont été estimées grâce aux courbes de Kaplan Meier et le test 
du Logrank après dichotomisation par la médiane.  

Résultats : La durée médiane de suivi était de 34 mois. La valeur médiane du 
MTV était respectivement 24ml, 34,5ml et 26,9ml pour les méthodes de calcul 
MTV2,5, MTV41% et MTVP. Le MTV2,5 (p=0,031), le MTV41% (p=0 ,027) et le MTVP 

(p=0,002) ayant un impact significatif sur la survie globale. Un délai de récidive 
supérieur à 5 ans entre le diagnostic initial et la survenue de métastases était 
également un facteur pronostique de survie globale (p<0,001). 

Conclusion : Pour les patientes présentant un cancer du sein métastatique avant 
traitement, le MTV et le délai de récidive sont des marqueurs pronostiques 
complémentaires. De plus la méthode du seuil adaptatif semble la plus 
appropriée pour la détermination du volume tumoral. 

MOTS-CLES : CANCER DU SEIN METASTATIQUE, TEP/TDM 18 FDG, VOLUME TUMORAL 

METABOLIQUE, VALEUR PRONOSTIQUE 

	

	

	


