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  Come da nuova regolamentazione della Commissione Nazionale per la Formazione Continua del  Ministero della Salute, è richiesta la 
trasparenza delle fonti di finanziamento e dei rapporti con soggetti portatori di interessi commerciali in campo sanitario.  

•   Posizione di dipendente in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Consulenza ad aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Fondi per la ricerca da aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Partecipazione ad Advisory Board (NIENTE DA DICHIARARE) 

•    Titolarietà di brevetti in compartecipazione ad aziende con interessi commerciali in campo sanitario (NIENTE DA 

DICHIARARE) 

•   Partecipazioni azionarie in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Altro 
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SYMPTOMS	COMMONLY	ASSOCIATED	WITH	BONE	METASTASES	(BM)	

•  Pain	

•  Impending/Pathologic	fracture	

•  Spinal	cord/Nerve	root	compression	

•  Hypercalcemia	



SYMPTOMS	COMMONLY	ASSOCIATED	WITH	BONE	METASTASES	(BM)	

•  Pain	

•  Impending/Pathologic	fracture	

•  Spinal	cord/Nerve	root	compression	

•  Hypercalcemia	
The	most	common	complaint	in	paJents	with	bone	
metastasis	(BM)	are	pain	and/or	impaired	mobility	



BONE	PAIN	IN	PATIENT	WITH	CANCER	

Type	of	pain:	
•  Localized	bone	pain	
•  Pain	with	a	radia+ng	component	(i.e.,	neuropathic	pain)	

MECHANISMS	of	Bone	Metasta+c	PAIN	(it	is	not	clear):	
•  Periosteum	compression/infiltra+on/stretching		
							à	nociceptor	s+mula+on		
							à	nerve	s+mula+on	
	
•  	Chemical	mediators*	of	pain	released	by	BM	
	

*	Prostaglandins, leukotrienes, substance P, bradykinin, 
interleukins-1 and -6, endothelins and tumor necrosis factor-α (TNF- α)  



BONE	PAIN	IN	PATIENT	WITH	CANCER	

Type	of	pain:	
•  Pain	from	extremity	lesions	tend	to	be	well	defined	
•  Spinal	or	pelvic	involvement		may	produce	vague,	diffuse	

symptoms.		
•  If	the	lesion	is	in	a	weight-bearing	area,	eventually	the	pain	tends	

to	worsen	with	weight-bearing	ac+vity	

•  FuncJonal	pain	is	caused	by	the	strength	weakness	of	the	bone	that	
can	no	longer	support	the	normal	stresses	of	common	daily	
ac+vi+es.	The	development	of	func+onal	pain	may	be		a	marker	for	
bone	at	risk	of	fracture	

•  Mechanical	pain	is	more	typically	associated	with	the	focal	bone	
loss	within	ly+c	lesions	

Caveat!	à	it	is	important	to	note	that	radiographically,	osteoblasJc	
lesions	may	also	weaken	the	bone	through	associated	areas	of	
osteolysis.	(This	increases	osteoclas+c	ac+vity	in	osteoblas+c	lesions	
and	therefore	also	compromises	structural	integrity).	
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•  Progressive	involvement	of	the	bone	cortex	weakens	the	axial	
strength	of	the	bone	and	give	rise	to	instability	

•  To	minimize	the	risk	of	pathologic	fractures	lesions	at	risk	of	
fracturing	must	be	detected		and	treated	asser+vely	

•  Preven+ve	surgery	is	easier	to	do	for	surgeon	and	has	less	
morbidity	and	mortality	for	pa+ent!		

HOW	TO	PREDICT	IMPENDING	FRACTURE?	

	

Impending or pathologic fractures	



Y. van der Linden et al. 2004 

The	risk	factors	studied	were:		
	
1.   increasing	pain,		
2.   the	size	of	the	lesion,		
3.   radiographic	appearance,		
4.   localizaJon,		
5.   transverse/axial/circumferenJal	involvement					

of	the	cortex		
6.   the	scoring	system	of	Mirels.		
	
•  Only	axial	corJcal	involvement	>30	mm					

(p	=	0.01),	and		
•  CircumferenJal	corJcal	involvement	>50%	

(p	=	0.03)	were	predicJve	of	fracture.	

Dutch bone metastasis study: 110 femoral metastases 







Y. van der Linden et al. 2012 

Finite	element	analysis	(FEA)	
	

•  FEA is a classic engineering computational technique used in 
design and failure analysis that provides information on 
parameters such as estimated load failure, and stress distribution.  

•  This technique has been used in bone imaging to improve 
estimation of bone strength in vivo.  

•  Mechanical properties are assigned to each finite element high-
resolution CT model following segmentation and decomposition. 
(hexagonal, tetrahedral, or curved scaled versions of CT voxels) 

Griffith	JF	&	Genant	HK:	New	Imaging	ModaliJes	in	Bone	Current Rheumatology Reports · March 2011 



Esempio	di	griglia	di	calcolo:	la	griglia	è	più	
fi'a	vicino	all'ogge'o	di	interesse	

Il	metodo	degli	elemen+	fini+	trova	origini	nelle	necessità	di	risoluzione	di	problemi	
complessi	di	analisi	elas(ca	e	stru-urale.	Si	fonda	sull’idea	di	suddividere	il	dominio	del	
problema	in	so'odomini	di	forma	semplice	(gli	elemen+	fini+).	

METODO	DEGLI	ELEMENTI	FINITI	



METODO	DEGLI	ELEMENTI	FINITI	

Esempio	di	Simulazione	tramite	analisi	agli	elemen+	fini+	dell'impa'o	di	un	veicolo	contro	
una	barriera	simmetrica	(crash	test)	



Y. van der Linden et al. 2012 

Finite	element	analysis	

•  This	technique	has	been	adopted	to	improve	es+ma+on	of	bone	strength	
using	CT	bone	imaging			

•  This	volumetric	quan+ta+ve	CT	is	based	on	segmentaJon	of	imaging	in	
CT	voxel	(i.e.,	finite	element)	

•  Based	on	bone	density	and	stress	applied,	mechanical	proper+es		are	
assigned	to	each	finite	element	

Griffith	JF	&	Genant	HK:	New	Imaging	ModaliJes	in	Bone	Current Rheumatology Reports · March 2011 



Note	how	stress	distribuJon	as	related	to	color	code	is	highest	along	
the	infero-medial	aspect	of	the	femural	neck	and	proximal	third	



Y. van der Linden et al. 2012 

Experimental	set-up		
(human	cadaveric		femur)	

	

Same	condiJons	mimicked	in	
the		finite	element	model		

	

An	axial	load	applied	
on	the	femoral	head	



Y. van der Linden et al. 2012 



•  DR=	Ø	max	of	lesion	(lyJc	or	blasJc)	/	Ø	max	of	vertebral	body			

•  DR	≥	0.5	à	high	risk	of	patological	fracture	

Ebihara	et	al		Spine	2004;29(9):994-999	

DR	<	0.5	 DR	>	0.5	

Impending or pathologic fractures in SPINE	



SPINAL	INSTABILITY	



An evidence-based process using the best available literature and
expert-opinion consensus was used to develop the Spine Instability
Neoplastic Score (SINS; Table 1).12-14 In this classification system,
tumor-related instability is assessed by adding together six individual
component scores: spine location, pain, lesion bone quality, radio-
graphic alignment, vertebral body collapse, and posterolateral in-
volvement of the spinal elements. The minimum score is 0, and the
maximum is 18. A score of 0 to 6 denotes stability, 7 to 12 denotes
indeterminate (possibly impending) instability, and 13 to 18 denotes
instability. A surgical consultation is recommended for patients with
SINS scores greater than 7.14

With face and content validity evaluated, the next phase of psy-
chometric evaluation is to determine the reliability and predictive
validity of the classification. The objective of this study is to determine
the intraobserver and interobserver reliability of SINS. A secondary
objective is a preliminary assessment of the predictive validity of SINS.

METHODS

Patient Case Selection and Evaluation
The SOSG is an international group of 30 spine oncology experts and

thought leaders from North America, Europe, South America, and Asia who
meet to discuss research, assess the best evidence for current practices, and
formulate clinical trials to advance the field of spine oncology. SOSG members
were asked to contribute patient case examples with imaging and clinical
information for the purpose of testing SINS reliability and validity.

A total of 50 de-identified patient cases were obtained. Patient cases that
did not contain sufficient history or quality imaging were excluded. To obtain
a SINS score, the history must include a description of pain, especially as it
relates to patient movement. Imaging must include computed tomography
(CT) scan or magnetic resonance imaging; however, if it is the latter, x-ray
films (or preferably CT) are also required to determine bone lesion quality (ie,
lytic, blastic, or mixed). In the case of multiple spinal lesions, contributors
identified the specific lesion they intended for scoring. Thirty patient cases
were chosen, with roughly equal representation of cervical, thoracic, and
lumbar spinal levels as well as a broad range of neoplastic instability (Table 2).

Patient cases were classified as stable, potentially unstable, or unstable on
the basis of anonymous voting by SOSG members. The median category for
each patient case was termed the consensus opinion and was used as the gold
standard for reference in the predictive validity analysis of SINS. Next, each
SOSG member was provided with a CD-ROM that included the case series, a
scoring sheet, and instructions on SINS scoring. Twenty-four members inde-
pendently applied SINS in the 30 patient cases. Scoring was repeated at least 6
weeks later using the same patient cases, presented in different order.

On the basis of preliminary analysis results and after further discussion
among SOSG members, SINS was modified to improve reliability by simplifying
thescoringmethodsothat theminimumscore ineachcategorywas0. Inaddition,
regions of the spine were defined more clearly: junctional levels were occiput-C2,
C7-T2,T11-L1,andL5-S1;mobile levelswereC3-6andL2-4; semi-rigidspinewas
T3-T10; and rigid spine was S2-S5. On the basis of data from the evidence-based
reviews12,13 and expert consensus, SINS was also modified to include consider-
ation of lesion bone quality and nonmechanical back pain.14

Six months later, 24 SOSG members scored the 30 patient cases again using
therevisedSINSclassificationsystemviathesamemethods(AppendixFigsA1,A2,
online only). Once completed, the results were sent to an independent central
study coordinator. Scoring was repeated at least 6 weeks later by the same observ-
ers, with the patient cases presented in a different order to limit recall bias.

Statistical Analysis
Three statistical tests were used to assess inter- and intraobserver reliabil-

ity. The intraclass correlation coefficient (ICC) was used to measure both
inter- and intraobserver agreement for total SINS scores (two-way mixed
effect model, in which people effects are random, and measures effects are
fixed).17 For each of the six components of SINS (ie, location, pain, bone
quality, radiographic alignment, vertebral body collapse, and posterolateral
involvement), Fleiss’s ! for multiple raters was used to measure interobserver
agreement, and Cohen’s ! was used to evaluate intraobserver agreement.18,19

EachtotalSINSscorewascollapsedintothreecategories,with0to6asstable,
7 to 12 as potentially unstable, and 13 to 18 as unstable. Predictive validity was
assessed using Cohen’s ! for agreement between SINS categorization and consen-
sus score.19 Analysis was performed with SPSS version 15.0 (SPSS, Chicago, IL).
Level of agreement for ! was determined as per Landis et al20 (Table 3).

RESULTS

Interobserver Reliability
The interobserver ICC reliability for total SINS score was 0.846

(95% CI, 0.773 to 0.911). The analysis of SINS components revealed

Table 1. SINS

SINS Component Score

Location
Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 3
Mobile spine (C3-C6, L2-L4) 2
Semirigid (T3-T10) 1
Rigid (S2-S5) 0

Pain!

Yes 3
Occasional pain but not mechanical 1
Pain-free lesion 0

Bone lesion
Lytic 2
Mixed (lytic/blastic) 1
Blastic 0

Radiographic spinal alignment
Subluxation/translation present 4
De novo deformity (kyphosis/scoliosis) 2
Normal alignment 0

Vertebral body collapse
! 50% collapse 3
" 50% collapse 2
No collapse with ! 50% body involved 1
None of the above 0

Posterolateral involvement of spinal elements†
Bilateral 3
Unilateral 1
None of the above 0

NOTE. Data adapted.14

Abbreviation: SINS, Spinal Instability Neoplastic Score.
!Pain improvement with recumbency and/or pain with movement/loading

of spine.
†Facet, pedicle, or costovertebral joint fracture or replacement with tumor.

Table 2. Patient Cases

Level Stable Potentially Unstable Unstable Total

Cervical 3 2 5 10
Thoracic 2 5 3 10
Lumbar 3 3 4 10
Total 8 10 12 30

NOTE. Final case series was selected to represent range of spinal levels and
grades of stability. Stability was determined by anonymous voting by panel of
experts (consensus opinion).

Spinal Instability Neoplastic Score
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A B S T R A C T

Purpose
Standardized indications for treatment of tumor-related spinal instability are hampered by the lack of a
valid and reliable classification system. The objective of this study was to determine the interobserver
reliability, intraobserver reliability, and predictive validity of the Spinal Instability Neoplastic Score (SINS).

Methods
Clinical and radiographic data from 30 patients with spinal tumors were classified as stable,
potentially unstable, and unstable by members of the Spine Oncology Study Group. The median
category for each patient case (consensus opinion) was used as the gold standard for predictive
validity testing. On two occasions at least 6 weeks apart, each rater also scored each patient using
SINS. Each total score was converted into a three-category data field, with 0 to 6 as stable, 7 to
12 as potentially unstable, and 13 to 18 as unstable.

Results
The ! statistics for interobserver reliability were 0.790, 0.841, 0.244, 0.456, 0.462, and 0.492 for the
fields of location, pain, bone quality, alignment, vertebral body collapse, and posterolateral involve-
ment, respectively. The ! statistics for intraobserver reliability were 0.806, 0.859, 0.528, 0.614, 0.590,
and 0.662 for the same respective fields. Intraclass correlation coefficients for inter- and intraobserver
reliability of total SINS score were 0.846 (95% CI, 0.773 to 0.911) and 0.886 (95% CI, 0.868 to 0.902),
respectively. The ! statistic for predictive validity was 0.712 (95% CI, 0.676 to 0.766).

Conclusion
SINS demonstrated near-perfect inter- and intraobserver reliability in determining three clinically
relevant categories of stability. The sensitivity and specificity of SINS for potentially unstable or
unstable lesions were 95.7% and 79.5%, respectively.

J Clin Oncol 29:3072-3077. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Spinal cord compression from epidural tumor is
often discussed as an indication for operation. A
prospective randomized trial has demonstrated
superiority of surgery and radiation therapy com-
pared with radiation alone in the treatment of
high-grade spinal cord compression for solid tu-
mors.1 Spinal instability is a separate indication
for surgery2-7 or percutaneous cement augmenta-
tion,8,9 but it has not received the same degree of
scrutiny in the literature as spinal cord compres-
sion. This paucity of data may reflect the contro-
versy that exists regarding instability resulting
from neoplastic destruction of spinal elements, as
evidenced by a wide variety of criteria published

in the literature2,8-16 and significant differences of
opinion suggested by spine surgeons.2,12,13

The Spine Oncology Study Group (SOSG) de-
fines spine instability as the “loss of spinal integrity
as a result of a neoplastic process that is associated
with movement-related pain, symptomatic or pro-
gressive deformity and/or neural compromise un-
der physiological loads.”14 The development of a
standard and valid classification with easily assigned
radiographic and patient factors was championed to
aid communication and appropriate referral be-
tween oncologists, radiologists, and spine surgeons
and facilitate prompt, optimized treatment plans.
Furthermore, a classification system could lead to a
more consistent therapeutic approach among spine
surgeons and aid in education and scientific study.
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Spine	
LocaJon	

Type	of	
bone	lesion	

	
Rx	
alignment	
	
Body	
collapse	
	
Posterolateral	body	
involvement	

Pain	

Score:		
	

0-6	stable	
	
	
	

	

7-12	poten1ally	unstable	
	
	
	

13-18	unstable 	 		
The	sensi+vity	and	specificity	of	SINS	for	potenJally	unstable	or	unstable	lesions	were	
95.7%	and	79.5%,	respec+vely.	



SYMPTOMS	COMMONLY	ASSOCIATED	WITH	BONE	METASTASES	(BM)	

•  Pain	

•  Impending/Pathologic	fracture	

•  Spinal	cord/Nerve	root	compression	

•  Hypercalcemia	



 Spinal	cord/Nerve	root	compression	

Defini1on	

The	Princess	Margaret	Hospital	of		Toronto,	Canada,	defini(on:		
	

The	minimum	radiologic	evidence	for	cord/radicular	compression	
of	the	theca	at	the	level	of	back	pain	also	in	absence	of	neurologic	
symptoms:	à	à	à	Pa+ent	has	a	spinal	cord	compression			

 
Loblaw, JCO ‘98 



Prognosi	 IJROBP, 2008 



 Spinal	cord/Nerve	root	compression	

Prognos1c	factors	

v  EARLY DIAGNOSIS 
 

v  EARLY THERAPY (within  24/48 h  from radiologic diagnosis) 



Spinal	cord/Nerve	root	compression	

	
In	pa+ents	with	known	cancer,	the	presence	of	back	pain	cannot	be	under	
evaluated,	because	they	can	be	sugges+ve	of	bone	metastases	un+l	proven	
otherwise	by	radiological	exams	(RX	±	CT	and/or	MRI).		
	
In	par+cular,	back	pain	and	osteolysis	are	enough	to	warrant	a	full-spine	MRI	
which	allows:		
•  the	diagnosis	of	BM	±	spinal	cord	compression,		
•  the	numbers	of	interested	sites	and		
•  a	correct	differen+al	diagnosis	between	benign	and	malignant	causes	of	

vertebral	body	compression	fracture	

NICE	guideline	2008;	Rades	Radiother	Oncol	59,	307-	309	,2001.	



METASTATIC SPINAL CORD COMPRESSION (MSCC) 



SYMPTOMS	COMMONLY	ASSOCIATED	WITH	BONE	METASTASES	(BM)	
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•  Spinal	cord/Nerve	root	compression	

•  Hypercalcemia	



Incidence:			
•  The	incidence	of	hypercalcemia	has	fallen	markedly	over	the	past	two	decades	through	

the	increasingly	widespread	use	of	bisphosphonates	and	chemotherapy.		

•  Hypercalcemia	tradi+onally	occurs	in	pa+ents	with	breast,	lung	and	kidney	cancers	
and	in	certain	hematological	malignancies	such	as	myeloma	and	lymphoma.		

•  In	most	cases,	hypercalcemia	is	a	result	of	metasta+c	bone	destruc+ons,	with	
osteoly+c	lesions	present	in	80%	of	cases.	

	
	

Pathogenesis:			
1.  First,	an	increased	osteoclas+c	ac+vity,	especially	in	pa+ents	with	advanced	metasta+c	

disease	and	severe	bone	destruc+on	at	mul+ple	sites.		

2.  Second,	a	mobiliza+on	of	skeletal	calcium	into	the	blood	circula+on	and		s+mula+on	
of	the	kidney	to	inappropriately	reabsorb	calcium	by	parathyroid	hormone-related		
protein	(PTHrP)	secreted	by	certain	tumors,	par+cularly	squamous	cell	histology.		

Hypercalcemia	





Symptoms:		
With		mild	degrees	of	hypercalcemia,	pa+ents	are	oeen	asymptoma+c	but,	as	the	level	of	
calcium	rises,	pa+ents	become	progressively	dehydrated	and	may	develop	symptoms		
such	as		
•  Neurologic	symptoms:	memory	loss/confusion/,	disorienta+on/	lethargy	
•  GI	symptoms:	nausea,	vomi+ng,	cons+pa+on,	loss	of	appe+te		
•  Cardiovascular	symptoms:	bradycardia,	dysrhythmias,	hypertension		
•  Kidney	disease:	kidney	failure,	kidney	stones,	nephrogenic	diabetes	insipidus	
	
	
Treatment:		
•  Rehydra+on	and		
•  bisphosphonate	therapy		
	

Hypercalcemia	



Conclusions 
 
•  In	cancer	pa+ents	a	referred	bone	pain	cannot	be	under	evaluated	in	

radia+on	oncology	clinical	prac+ce.		

•  An	accurate	clinical	assessment		is	mandatory	during	follow	up.	
	
•  Radiological	exams		-oeen	the	only	tools	that	allow	a	correct	

diagnosis-	should	be	prescribed	without	hesita+on	to	give	a	correct	
diagnosis	and	an	appropriate	therapy.		

•  Therapeu+c	choice	should	be	personalized	(surgery	when	necessary)		

•  A	correct	approach	can	improve	QoL	and	some+mes	survival	of	BM	
pa+ents.	

SYMPTOMS	COMMONLY	ASSOCIATED	WITH	BONE	METASTASES	(BM)	




