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st a bil iza t io n  wa s d ec id ed  a c c o r d in g  t o  impo r t a n c e of  t h e pr o g r ess iv e 156 

spin e d ef o r mit y , ba c k  pa in , per f o r ma n c e s t a t u s, o per a bil it y  a n d  pa t ien t  157 

d ema n d . Co r o n a l  Co bb a n g l e (CCA), sa g it t a l  Co bb a n gl e a t  t h e ed g e o f  158 

t h e r esec t io n  (SCAEOR), T1-T12 sa g it t a l  Co bb a n g l e (SCAT1-T12) wer e 159 
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46-81 y ea r s-o l d ). Demo g r a ph ic  a n d  in t r a o per a t iv e d at a  a r e su mma r ized  in  175 
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Table 2. WBB st a g in g  a n d  SINS a r e r epo r t ed  in  Table 3. Th e t u mo r  h is t o l o g y  176 

wa s a d en o c a r c in o ma  in  11 pa t ien t s , sq u a mo u s c el l  c ar c in o ma  in  5 177 

pa t ien t s , a n d  u n d et er min ed  o r  o t h er  NSCLC in  2 pa t ien t s . Th e a v er a g e 178 

bl o o d  l o ss wa s 1614 ml  (200-4500 ml ) a n d  a v er a g e o per a t iv e l en g t h  wa s 179 

390 min u t es (r a n g e 140-650 min ). Th e a v er a g e h o spita l  l en g t h  o f  s t a y  wa s 180 

13 d a y s (r a n g e 5-37 d a y s). No  pa t ien t  su f f er ed  f r o m a  ser io u s 181 

c o mpl ic a t io n  w it h in  t h e 30 d a y s f o l l o w in g  t h e su r g er y . A c er ebr o spin a l  182 

f l u id  l ea k  d u e t o  a  d u r a l  t ea r  o c c u r r ed  in  o n e pa t ien t . Th r ee pa t ien t s 183 

u n d er wen t  t y pe A v er t ebr a l  r esec t io n  (Gr o u p A), f o ur t een  pa t ien t s  184 

u n d er wen t  t y pe B v er t ebr a l  r esec t io n  (Gr o u p B) a n d  o n e pa t ien t  185 

u n d er wen t  t y pe C v er t ebr a l  r esec t io n  (Gr o u p C). Amon g  g r o u p B, f iv e 186 

pa t ien t s  h a d  l ess t h a n  3 r esec t ed  v er t ebr a e (Gr o u p Bn <3) a n d  n in e 187 

pa t ien t s  h a d  3 o r  mo r e r esec t ed  v er t ebr a e (Gr o u p Bn >=3). Th e o v er a l l  188 

a v er a g e n u mber  o f  r esec t ed  v er t ebr a e wa s 2,8 (r a n g e, 1-5) f r o m l ev el  T1 189 

t o  T9. Th e med ia n  o v er a l l  f o l l o w-u p wa s 27 mo n t h s (r a n g e 2-109). A 190 

sec o n d  su r g ic a l  pr o c ed u r e f o r  po st er io r  spin a l  s t a bil iza t io n  wa s n eed ed  191 

f o r  4 pa t ien t s  (med ia n  d el a y  wa s 8,5 mo n t h s, r a n g e 2-18 mo n t h s). Amo n g  192 

t h ese 4 pa t ien t s , 3 wer e r e-o per a t ed  bec a u se o f  ba ck  pa in  a n d  pr o g r ess iv e  193 

d ef o r mit y  (a n g l es f o r  t h ese pa t ien t s  wer e r epo r t ed  f r o m pr eo per a t iv e X-194 

r a y s, a n d  r epo r t ed  in  t h e Table 4). Al l  o f  t h em h a d  g o o d  per f o r ma n c e 195 

st a t u s w it h o u t  pr o g r ess io n  o f  t h eir  d isea se. Th e f ou r t h  r eo per a t ed  196 

pa t ien t  r ec eiv ed  emer g en c y  su r g er y  f o r  d ec o mpr ess ion  a n d  s t a bil iza t io n  197 

5 mo n t h s a f t er  en  bl o c  r esec t io n  bec a u se o f  l o c a l  tu mo r  r ec u r r en c e 198 

r ev ea l ed  by  a  spin a l  c o r d  c o mpr ess io n . Amo n g  t h e f ou r t een  o t h er  199 

pa t ien t s , t h r ee pa t ien t s  d ied  r espec t iv e l y  5 mo n t h s, 6 mo n t h s a n d  34 200 
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mo n t h s a f t er  su r g er y  bec a u se o f  t h e pr o g r ess io n  o f  t h eir  c a n c er . Amo n g  201 

t h e r ema in in g  pa t ien t s  (n =11), t h e med ia n  f o l l o w-u p wa s 36 mo n t h s (r a n g e 202 

10-109). Th e v a r ia t io n  o f  a n g l es  bet ween  immed ia t e a n d  l a t e  203 

po st o per a t iv e a ssessmen t  by  spec imen  a n d  f o r  ea c h  gr o u ps a r e r epo r t ed  204 

in  Table 4 a n d  Table 5. Sin c e o n l y  o n e pa t ien t  wa s in  t h e g r o u p C, we d id n o t  205 

per f o r m st a t is t ic a l  a n a l y s is  w it h  t h is  su bg r o u p a l on e. Th er e wa s n o  206 

st a t is t ic a l  d if f er en c e o n  t h e sa g it t a l  o r  c o r o n a l  ba l a n c e bet ween  207 

g r o u p A a n d  g r o u p B (Table 6). Wit h in  t h e g r o u p B, r esec t io n  o f  t h r ee 208 

v er t ebr a e o r  mo r e t r en d ed  t o  be a sso c ia t ed  w it h  a  hig h er  r isk  o f  209 

sa g it t a l  d ef o r mit y , ev en  if  t h e s t a t is t ic a l  s ig n if ic a n c e wa s n o t  r ea c h ed  210 

wit h  p=0,061 (SCAEOR) a n d  p=0,066 (SCAT1-T12). Amo n g  t h e c o mpo sit e g r o u ps, 211 

t h e h ig h -r isk  g r o u p sh o wed  s ig n if ic a n t l y  mo r e sa g itt a l  d ef o r mit y  a t  t h e  212 

en d  o f  t h e f o l l o w-u p (p=0,01) (Table 6). We t h en  ma d e a  c a t eg o r ic a l  213 

a n a l y s is  o f  wh ic h  pa t ien t s  h a d  a  pr o g r ess io n  o f  t h e sa g it t a l  k y ph o sis  o f  214 

mo r e t h a n  5° a n d  mo r e t h a n  10°. We c o n f ir med  t h a t  th e h ig h -r isk  g r o u p 215 

wa s s ig n if ic a n t l y  a sso c ia t ed  w it h  a  wo r sen in g  o f  t he l o c a l  a n d  216 

r eg io n a l  k y ph o sis  (p=0.01 a n d  p=0.004, r espec t iv e l y) wh er ea s t h e l o w-r isk  217 

g r o u p wa s n o t  (Table 7). Th is  t r en d  sh o w in g  a  t h r esh o l d  in  t er m o f  218 

sa g it t a l  ba l a n c e wh en  mo r e t h a n  3 v er t ebr a s wer e r esec t ed  wa s 219 

su ppo r t ed  by  o u r  c l in ic a l  ex per ien c e: w it h in  t h e f ou r  pa t ien t s  wh o  220 

n eed ed  a d d it io n a l  spin a l  s t a bil iza t io n , t h r ee pa t ien t s  wer e f r o m g r o u p 221 

Bn >=3 a n d  o n e o f  t h em wa s f r o m g r o u p C, a l l  o f  t h em bel o ng in g  t o  t h e  222 

h ig h -r isk  g r o u p. 223 

 224 

Disc u ss io n : 225 
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 226 

Preoperative status, assessment and staging of the disease 227 

Th e ma n a g emen t  o f  BPCIS h a s ev o l v ed  t h r o u g h  t h e l a st  d ec a d e. Tu mo r s 228 

wit h  a n  in v a s io n  o f  t h e spin e h a v e l o n g  been  c o n s ider ed  a s in o per a bl e 229 

a n d  f a t a l
5
.  An  a ppr o pr ia t e s t a g in g  w it h  a  c a r ef u l  a ssessmen t o f  t h e 230 

o n c o l o g ic  s t a t u s pr io r  t o  t h e su r g er y  is  essen t ia l  t o  c h o o se bet ween  231 

t h er a peu t ic  o pt io n s. Ac t u a l l y , a n  in c o mpl et e t u mo r al  r esec t io n  is  232 

a sso c ia t ed  w it h  a  po o r er  o n c o l o g ic  o u t c o me 
6,16

. Th e Tu mo r , No d e a n d  233 

Met a st a s is  c l a ss if ic a t io n  ma k es c h est  wa l l  in v o l v emen t  a t  l ea st  g r a d e 234 

T3 a n d  VB in v o l v emen t  g r a d e T4 
17

. Pr eo per a t iv e ev a l u a t io n  o f  t h e 235 

med ia st in u m w it h  CT, MRI, po s it r o n  emiss io n  t o mo g r aph y  (PET) a n d /o r  236 

med ia st in o sc o py  a r e r eq u ir ed  t o  d et er min e l y mph  n o des in v a s io n  a n d  237 

met a st a t ic  s t a t u s bef o r e a n y  c u r a t iv e su r g er y  a t t empt . Th e r o l e  o f  238 

pr eo per a t iv e r a d io t h er a py  a n d  c h emo t h er a py  is  w id ely  su ppo r t ed  in  t h e  239 

l it er a t u r e 
5,6,10,18-20

. Po t en t ia l  ben ef it s  a r e t h e d ec r ea se in  t h e s ize of  240 

t h e t u mo r , t h e impr o v ed  r esec t a bil it y  a n d  a  l o wer  dissemin a t io n  r a t e o f  241 

t h e t u mo r  d u r in g  su r g er y
10

. Va r io u s c l a ss if ic a t io n s a bo u t  pr ima r y  a n d  242 

sec o n d a r y  bo n e t u mo r s a r e pr o v id ed  in  t h e l it er a t u re. Th e a im o f  t h ese 243 

c l a ss if ic a t io n s is  t o  h el p t h e su r g eo n  in  pl a n n in g  t h e mo st  a ppr o pr ia t e 244 

t u mo r a l  r esec t io n  in  spin a l  t u mo r s. Th e WBB st a g in g
13

 wer e r epo r t ed  t o  245 

d esc r ibe w it h  mo r e a c c u r a c y  t h e c h a r a c t er is t ic s  o f  o u r  c o h o r t , ev en  if  246 

t h e r e l ev a n c e o f  t h is  c l a ss if ic a t io n  is  n o t  ev a l u a ted  f o r  PBCIS. In  o u r  247 

st u d y , t h e l o c a l  ex t en s io n  o f t en  c a me f r o m t h e ju n ct io n  bet ween  t h e r ib  248 

a n d  t h e VB by  c o n t ig u it y  in v a s io n , ex pl a in in g  wh y  th e WBB sec t o r  wa s 249 
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u su a l l y  sc o r ed  bet ween  3-4 a n d  9-10 a n d  a l wa y s s t a rt ed  a t  l a y er  A. Th e 250 

SINS wa s d ev el o ped  by  Fish er  et  a l
14

 t o  d ef in e n eo pl a st ic -in d u c ed  251 

in s t a bil it y  o f  t h e spin e. Th e SINS wa s a l so  q u it e ho mo g en o u s d u e t o  252 

c o n t ig u it y  in v a s io n  o f  t h e VB: in v o l v emen t  o f  spin al  po st er io r  e l emen t s  253 

wa s a l wa y s u n il a t er a l  (sc o r e = 1), w it h o u t  VB c o l l apse (sc o r e 0 o r  1), 254 

a n d  w it h o u t  spin a l  a l ig n men t  a bn o r ma l it ies  o r  d ef o rmit y  (sc o r e = 0). 255 

 256 

Surgical techniques 257 

Dif f er en t  su r g ic a l  t ec h n iq u es h a v e been  d esc r ibed  fo r  l u n g  c a n c er s 258 

in v a d in g  t h e spin e. In t r a l es io n a l  r esec t io n  wa s s t ud ied  by  sev er a l  259 

a u t h o r s  l ik e Bo l t o n  et  a l
21

 wh o  r ev iewed  t wo  c a se-ser ies o f  17 pa t ien t s  260 

a n d  39 pa t ien t s  w it h  NSCLC in v a d in g  t h e spin e, o r  Bil sk y  et  a l
22

 wh o  a l so  261 

r epo r t ed  42 in t r a l es io n a l  a ppr o a c h  w it h  a  c o mbin ed  t wo -st a g ed  262 

pr o c ed u r e (po st er o l a t er a l  a ppr o a c h  a n d  mid l in e po ster io r  a ppr o a c h ). 263 

Gr u n en wa l d  et  a l
6
 r epo r t ed  a  19-pa t ien t s  s t u d y  o f  su per io r  a n d  n o n -264 

su per io r  su l c u s t u mo r s in v a d in g  t h e spin e t r ea t ed  wit h  en  bl o c  su r g ic a l  265 

t ec h n iq u e. Fa d el  et  a l
20

 a n d  Co l l a u d  et  a l
16

 a l so  per f o r med  en  bl o c  266 

r esec t io n  t ec h n iq u e in  a  54-pa t ien t s  s t u d y  (a l t h o u gh  17 pa t ien t s  wer e 267 

c o n c er n ed  w it h  h emiv er t ebr ec t o mies) a n d  in  a  48-pa tien t s  s t u d y  268 

r espec t iv e l y , bo t h  w it h  ex c el l en t  o v er a l l  su r v iv a l  r a t es. Ra t es o f  269 

l o c a l  a n d  d is t a n t  r ec u r r en c e seem s imil a r  bet ween  th ese d if f er en t  270 

met h o d s, wh et h er  t h e en  bl o c  r esec t io n  o r  t h e in t r al es io n a l  t ec h n iq u e 271 

wa s per f o r med . Ho wev er , mo r e r ec en t  r epo r t s  f a v o u r  en  bl o c  r esec t io n  272 

t h r o u g h  l ess in v a s iv e pr o c ed u r es: St o k er  et  a l
23

 r epo r t ed  a  c a se-ser ies  273 
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o f  8 en  bl o c  r esec t io n  w it h  a  seq u en t ia l  v id eo -a ss is t ed  t h o r a c o sc o pic  274 

su r g er y  c o mbin ed  w it h  po st er io r  spin a l  r esec t io n , sh o w in g  a  l o wer  275 

est ima t ed  bl o o d  l o ss q u a n t it y  a n d  l o wer  l en g t h  o f  th e h o spit a l  s t a y . 276 

To mit a  et  a l
24

 a n d  Ja in  et  a l
15

 d esc r ibed  a  s in g l e-s t a g e po st er io r  mid l in e 277 

a ppr o a c h  f o r  en  bl o c  r esec t io n  w it h  c ir c u mf er en t ia l spin a l  278 

st a bil iza t io n . Th is  a ppr o a c h  o f f er s  a  o n e-st a g e d efin it iv e r esec t io n  a n d  279 

st a bil iza t io n . Ov er a l l  c o mpa r iso n  o f  pr ev io u s l y  c ited  s t u d ies t en d s t o  280 

sh o w a  bet t er  r a t e o f  c o mpl et e r esec t io n  w it h  en  blo c  r esec t io n  281 

t ec h n iq u es
6,10,16,25

. In  o u r  s t u d y , a l l  pa t ien t s  u n d er wen t  a  s in g l e-s t ag e 282 

pr o c ed u r e t h r o u g h  a  po st er o l a t er a l  t h o r a c o t o my  w it h a n  ex t en d ed  283 

in c is io n  o v er  t h e po st er io r  mid l in e t o  ex po se t h e spin e. Wh en  a n  a n t er io r  284 

c er v ic o -t h o r a c o t o my  wa s r eq u ir ed  d u e t o  a n a t o mic a l  c o n s id er a t io n , n o  285 

sec o n d -st a g e wa s n ec essa r y  bec a u se po st er io r  spin a l in s t r u men t a t io n  286 

wa s n o t  per f o r med . Al l  r esec t io n s wer e per f o r med  w it h  en  bl o c  287 

t ec h n iq u e w it h o u t  v io l a t in g  t h e ed g e o f  t h e t u mo r s.  288 

 289 

Survival status and perioperative morbidity and mortality 290 

In  mo st  s t u d ies in v o l v in g  su r g ic a l  t r ea t men t  w it h  ver t ebr a l  r esec t io n , 291 

t h e 5-y ea r  su r v iv a l  r a t e r a n g es bet ween  10 a n d  61%
6,15,21,22

. Hig h  r a t es o f  292 

po st o per a t iv e mo r bid it y  o r  mo r t a l it y
6,10,16,18,20,25 

ma k es su r g ic a l  293 

ma n a g emen t  c h a l l en g in g  f o r  mu l t id isc ipl in a r y  t ea ms. Tr y in g  t o  r ed u c e 294 

o per a t iv e t ime l en g t h  a n d  bl o o d  l o ss is  a  k ey  po in t t o  impr o v e 295 

po st o per a t iv e c o u r se. Va r io u s po st o per a t iv e c o mpl ica t io n s a r e r epo r t ed  296 

in  t h e l it er a t u r e: br o n c h o pl eu r a l  f is t u l a , men in g itis , a t el ec t a s is , a c u t e 297 

r espir a t o r y  d is t r ess sy n d r o me, h y po v o l emia , d eep inf ec t io n , c o mpr ess io n  298 
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f r a c t u r e a t  t h e d ist a l  en d  o f  in s t r u men t a t io n , spina l  d ev ic e d is l o c a t io n  299 

o r  wo u n d  d eh isc en c e
23

. Few r epo r t s  t a k e in t o  c o n s id er a t io n  o per a t iv e 300 

bl o o d  l o ss a n d  mea n  o per a t iv e t ime. St o k er  et  a l
23

 r epo r t ed  a  mea n  301 

est ima t ed  bl o o d  l o ss o f  813 mL f o r  v id eo -a ss is t ed  th o r a c o sc o pic  302 

t h o r a c o t o my  c o mbin ed  t o  po st er io r  spin a l  a ppr o a c h , a n d  a n  est ima t ed  303 

bl o o d  l o ss o f  1250 mL c o n c er n in g  o pen ed  t h o r a c o t o mies. In  o u r  s t u d y , 304 

t h e mea n  o per a t iv e t ime r epo r t ed  wa s 367 min u t es  (th o r a c o sc o pic  305 

t h o r a c o t o my ) a n d  518 min u t es (o pen ed  t h o r a c o t o my ). An r a k u  et  a l
10

 306 

r epo r t ed  a n  a n a l y s is  o v er  23 c o n sec u t iv e pa t ien t s  wit h  sy s t ema t ic  spin a l  307 

in s t r u men t a t io n . Nin e pa t ien t s  u n d er wen t  a  o n e-st a ge o per a t io n  a n d  14 308 

u n d er wen t  a  t wo -st a g e o per a t io n . Th e a v er a g e n u mber o f  v er t ebr a e 309 

r esec t ed  wer e 3,5 (s t a g ed  su r g er y ) a n d  2,5 (1-s t a g e su r g er y ), wh ic h  seems 310 

t o  be c o mpa r a bl e t o  t h e a v er a g e n u mber  o f  v er t ebr a e r esec t ed  in  o u r  311 

st u d y  (n =2,8). Mea n  o per a t iv e t ime wa s 12,3 h o u r s an d  19,3 h o u r s  312 

r espec t iv e l y  w it h  mea n  bl o o d  l o ss d u r in g  su r g er y  o f 2700 mL a n d  4000mL 313 

r espec t iv e l y . Med ia n  d u r a t io n  o f  h o spit a l iza t io n  was 23 d a y s a n d  2 314 

pa t ien t s  (8,7%) d ied  d u r in g  immed ia t e po st o per a t iv e c o u r se bec a u se o f  315 

pn eu mo n ia  a n d  br o n c h o pl eu r a l  f is t u l a . In  o u r  s t u d y , we r epo r t  l o wer  316 

o per a t iv e bl o o d  l o ss (mea n  bl eed in g  wa s 1614 mL), lo wer  o per a t iv e t ime 317 

(mea n  o per a t iv e t ime wa s 390 min u t es), l o wer  d u r a t io n  o f  h o spit a l iza t io n  318 

(med ia n  wa s 13 d a y s) a n d  n o  po st o per a t iv e d ea t h .  319 

 320 

Spinal instrumentation and spine deformity 321 

Th er e is  n o  c o n sen su s a bo u t  spin a l  in s t r u men t a t io n  a f t er  pa r t ia l  322 

v er t ebr ec t o my  f o r  PBCIS. Bo l t o n  et  a l
21

 per f o r med  in st r u men t a t io n  323 
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o n l y  in  c a se o f  t o t a l  v er t ebr ec t o my  (n =15) ex c ept ed f o r  t h e c a se o f  o n e 324 

pa t ien t  wh o  u n d er wen t  r esec t io n  o f  a l l  po st er io r  e lemen t s  o v er  t wo  325 

a d ja c en t  l ev el s . Ho wev er , mo st  a u t h o r s  per f o r m a t  lea st  a n t er io r  o r  326 

po st er io r  in s t r u men t a t io n , o r  ev en  bo t h  a n t er io r  a nd  po st er io r  327 

in s t r u men t a t io n  in  c a se o f  pr e-ex is t en t  spin a l  d ef or mit y  o r  mu l t il ev el  328 

v er t ebr a l  in v o l v emen t
26

. Fr o m o u r  ex per ien c e, t h e o u t c o mes in  t er ms o f  329 

spin a l  d ef o r mit y  d epen d  o n  t h e t y pe o f  t h e v er t ebr al  r esec t io n  a n d  o n  330 

t h e n u mber  o f  a d ja c en t  r esec t io n s. It  is  c o mmo n l y  ad mit t ed  t h a t  t y pe A 331 

r esec t io n s d o  n o t  r eq u ir e c o mpl emen t a r y  spin a l  in s tr u men t a t io n  332 

wh er ea s t y pe B r esec t io n s r eq u ir e po st er io r  in s t r u men t a t io n  a n d  t y pe C 333 

r esec t io n s r eq u ir e bo t h  a n t er io r  a n d  po st er io r  in s tr u men t a t io n
15,27

. 334 

Wh il e we f o u n d  t h is  po st u l a t e a c c ept a bl e f o r  t y pe A a n d  t y pe C 335 

r esec t io n , we ma d e t h e h y po t h es is  t h a t  t y pe B r esect io n  g r o u p d o es n o t  336 

r eq u ir e c o mpl emen t a r y  spin a l  in s t r u men t a t io n  in  a n y c a ses. To  o u r  337 

k n o w l ed g e, n o  v er t ebr a l  r esec t io n  t h r esh o l d  wa s pr ev io u s l y  r epo r t ed  338 

in  t h e l it er a t u r e t o  ju s t if y  spin a l  in s t r u men t a t io n. Th er e is  a l so  a  339 

pa u c it y  o f  t h e l it er a t u r e c o n c er n in g  d ef o r mit y  issues a n d  o u t c o me 340 

c o n c er n in g  t h is  po pu l a t io n .  Ou r  r esu l t s  su g g est  t ha t  t y pe A a n d  t y pe B 341 

wit h  l ess t h a n  3 r esec t ed  v er t ebr a e (l o w-r isk  g r o u p) a r e n o t  su bjec t  t o  342 

impo r t a n t  sa g it t a l  a n d  c o r o n a l  d ef o r mit y  ev en  a f t er a  l a t e f o l l o w-u p 343 

wh il e t y pe B o n  mo r e t h a n  t h r ee v er t ebr a e a n d  t y pe C r esec t io n  a r e 344 

mo r e l ik e l y  t o  pr esen t  a  sa g it t a l  d ef o r mit y . St a t ist ic a l  d if f er en c e 345 

bet ween  l o w r isk  a n d  h ig h  r isk  g r o u ps wa s o n l y  r ea ch ed  in  t er m o f  346 

sa g it t a l  d ef o r mit y . Th is  su g g est in g  t h a t  a  sy st ema tic  s t a bil iza t io n  347 

mig h t  be a v o id ed  in  t h e l o w-r isk  g r o u p, t h u s l imit in g  t h e su r g ic a l  348 
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mo r bid it y  a sso c ia t ed  w it h  t h ese pr o c ed u r es. Ho wev er, o u r  s t u d y  349 

c l ea r l y  su f f er s  f r o m a  l a c k  o f  s t a t is t ic a l  po wer . Fu r t h er  in v est ig a t io n s 350 

wit h  l a r g er  c o n t r o l l ed  c a se-ser ies a r e n eed ed  t o  c on f ir m t h ese r esu l t s . 351 

 352 

Co n c l u s io n : 353 

Sel ec t ed  pa t ien t s  w it h  PBCIS a r e e l ig ib l e t o  c u r a t iv e su r g ic a l  a t t empt  354 

wit h  en  bl o c  r esec t io n  in c l u d in g  c o mpl et e o r  pa r t ial  v er t ebr a l  355 

r esec t io n . Th er e a r e n o  v a l id a t ed  c r it er ia  t o  ju s t if y  a  sy st ema t ic  spin a l  356 

in s t r u men t a t io n  in  t h ese pr o c ed u r es. Ou r  r esu l t s  sug g es t  t h a t  se l ec t ed  357 

pa t ien t s  w it h  pa r t ia l  v er t ebr ec t o mies d o  n o t  n eed  ad d it io n a l  spin e 358 

st a bil iza t io n . A l o w-r isk  pr o f il e  r ema in s t o  be d efin ed  w it h  a  h ig h er  359 

l ev el  o f  ev id en c e bu t  o u r  r esu l t s  su g g est  t h a t  t h is pr o f il e  d epen d s o n  360 

t h e t y pe o f  v er t ebr a l  r esec t io n  c o mbin ed  w it h  t h e nu mber  o f  r esec t ed  361 

v er t ebr a e. Th ese r esu l t s  c o u l d  h el p t o  r ed u c e t h e per io per a t iv e 362 

mo r bid it y  o f  t h ese pr o c ed u r es t h a t  a r e u su a l l y  l o n g a n d  c o mpl ex . 363 

Fu r t h er  pr o spec t iv e s t u d ies a r e n eed ed  t o  v a l id a t e t h ese pr e l imin a r y  364 

r esu l t s .  365 

 366 

Figures 367 

Figure 1 (COLOR) 368 

Mo d if ied  Wein st e in , Bo r ia n i a n d  Bia g in i (WBB) su r g ic a l  s t a g in g  sy st em by  369 

c o n sen su s o f  t h e Spin e On c o l o g y  St u d y  Gr o u p. 12 r a dia t in g  zo n es a r e  370 

n u mber ed  f r o m 1 t o  12 in  a  c l o c k w ise o r d er . Six  c o nc en t r ic  l a y er s  a r e 371 

d esc r ibed : A (ex t r a o sseo u s so f  t issu es), B (in t r a o sseo u s su per f ic ia l ), C 372 

(in t r a o sseo u s d eep), D (ex t r a o sseo u s ex t r a d u r a l ), E (ex t r a o sseo u s  373 

in t r a d u r a l ) a n d  F (Ver t ebr a l  a r t er y  in v o l v emen t ). 374 
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 375 

Figure 2 (COLOR) 376 

Spec imen  o f  a n  en  bl o c  r esec t ed  t u mo r  in v o l v in g  l u ng , c h est  wa l l  a n d  377 

t h r ee v er t ebr a e. 378 

  379 

Figure 3 (COLOR) 380 

Dif f er en t  t y pes o f  pa r t ia l  v er t ebr ec t o mies: t y pe A pa r t ia l  381 

v er t ebr ec t o my  in c l u d es c o st o t r a n sv er sec t o my  a n d /o r  l ess t h a n  25% 382 

v er t ebr a l  bo d y  r esec t io n , t y pe B pa r t ia l  v er t ebr ec to my  in c l u d es 383 

ped ic l e r esec t io n  a n d /o r  f a c et ec t o my  a n d /o r  l ess t ha n  50% v er t ebr a l  384 

bo d y  r esec t io n , a n d  t y pe C pa r t ia l  v er t ebr ec t o my  inc l u d es mo r e t h a n  385 

50% v er t ebr a l  bo d y  r esec t io n . 386 

 387 

Figure 4 388 

CT sc a n  a x ia l  sec t io n  r ec o n st r u c t io n s sh o w in g  Ty pe A (A), Ty pe B (B) a n d  389 

Ty pe C (C) pa r t ia l  v er t ebr ec t o mies. 390 

 391 

Figure 5 (COLOR) 392 

Th o r a c ic  spin e r epr esen t ed  o n  sa g it t a l  pl a n e (l e f t ) a n d  o n  c o r o n a l  393 

pl a n e (r ig h t ). Yel l o w  ma r k s il l u s t r a t e T1-T12 sa g itt a l  Co bb a n g l e 394 

(SCAT1-T12), r ed  ma r k s il l u s t r a t e sa g it t a l  Co bb a n g l e a t  t h e ed g e o f  t h e  395 

r esec t io n  (SCAEOR) a n d  bl u e ma r k s il l u s t r a t e c o r o n a l  Co bb a n g l e (CCA). 396 

 397 

Tables 398 

Table 1: The Spine Instability Neoplastic Score (SINS) 399 

 400 



NG 

 

 17 

Table 2: Preoperative spinal invasion assessment: Weinstein, Boriani, Biagini (WBB) 401 

classification and Spine Instability Neoplastic Score (SINS). 402 

 403 

Table 3: Characteristics of the surgical cohort 404 

 405 

Table 4: Difference between immediate and late CCA, SCAEOR, SCAT1-T12 by specimen. 406 

 407 

Table 5: Difference between immediate and late CCA, SCAEOR, SCAT1-T12 by subgroups. 408 

 409 

Table 6: Comparison of spine deformity depending on type of vertebral resection 410 

 411 

 412 

Table 7: Comparison of effectives with variation of the sagittal kyphosis over 5° and 413 

over 10° 414 
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Table 1: The Spine Instability Neoplastic Score (SINS). 

Element of SINS Score 

Location  
Ju n c t io n a l  (o c c ipu t -C2, C7-T2, T11-L1, L5-S1) 3 
Mo bil e  spin e  (C3-C6, L2-L4) 2 
Semi-r ig id  (T3-T10) 1 
Rig id  (S2-S5) 0 
Pain relief with recumbency and/or pain with movement  
Yes  3 
No  (o c c a s io n a l  pa in  bu t  n o t  mec h a n ic a l ) 1 
Pa in  f r ee  l es io n  0 
Bone lesion  
Ly t ic  2 
Mix ed  (l y t ic /bl a s t ic ) 1 
Bl a s t ic  0 
Radiographic spinal alignment  
Su bl u x a t io n /t r a n s l a t io n  pr esen t  4 
De n o v o  d ef o r mit y  (k y ph o sis /sc o l io s is ) 2 
No r ma l  a l ig n men t  0 
Vertebral body collapse  
>50% c o l l a pse  3 
<50% c o l l a pse  2 
No  c o l l a pse  w it h  >50% bo d y  in v o l v ed  1 
No n e o f  a bo v e  0 
Posterolateral involvement of the spinal elements  
Bil a t e r a l  3 
Un il a t e r a l  1 
No n e o f  t h e  a bo v e  0 



Variables n (%) 

Gen d er  
 

Fema l e  
Ma l e  

4 (22) 
14 (78) 

His t o l o g y  Ad en o c a r c in o ma  
Sq u a mo u s c e l l  

c a r c in o ma  
o t h er  

11 (61) 
5 (28) 
2 (11) 

Ty pe o f  v er t ebr a l  
r esec t io n  

Ty pe  A 
Ty pe  B 
Ty pe  C 

3 (17) 
14 (78) 

1 (5) 

Nu mber  o f  v er t ebr a l  
r esec t io n  

On e 
Tw o  

Th r ee  
Fo u r  
Fiv e  

0 
9 
6 
2 
1 

Lev el  o f  v er t ebr a l  
r esec t io n  

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

4 
9 

11 
9 
5 
4 
2 
3 
2 

Resid u a l  ma r g in  R0 
R1 

16 (89) 
2 (11) 

Bl o o d  l o ss  Med ia n  (ml ) 
St a n d a r d  d ev ia t io n  

(ml ) 
 

>1000ml  
1000-2000ml  

>2000ml  

1400 
1157 

 
5 
7 
6 

Ho spit a l  l en g t h  o f  s t a y  Med ia n  (d a y s) 
St a n d a r d  d ev ia t io n  

(d a y s) 
 

<10 d a y s  
10-20 d a y s  

>20 d a y s  

11 
7,7 

 
7 (39) 
9 (50) 
2 (11) 

Su r v iv a l  Su r v iv a l  
Dea t h  

 
12-mo n t h s  su r v iv a l  

r a t e  (%) 

15 (83) 
3 (17) 
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Sec o n d  su r g er y  f o r  
spin a l  in s t r u men t a t io n  

Sec o n d  su r g er y  
No  sec o n d  su r g er y  

4 (22) 
14 (78) 

 

Table 2: Characteristics of the surgical cohort 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 3: Preoperative spinal invasion assessment: Weinstein, Boriani, Biagini (WBB) 
classification and Spine Instability Neoplastic Score (SINS). 

Case Weinstein, Boriani, Biagnini (WBB) 
classification 

Spine Instability 
Neoplastic Score 

(SINS) WBB Sector WBB Level 

1 7-8 A-B 7 
2 5-6 A-C 4 
3 5-7 A-B 7 
4 7-10 A-C 11 
5 4-6 A-B 7 
6 8-10 A-C 8 
7 8-11 A-B 9 
8 8-10 A-D 9 
9 8-10 A-C 9 

10 7-9 A-C 7 
11 4-7 A-C 9 
12 8-10 A-C 7 
13 3-7 A-C 9 
14 7-10 A-D 9 
15 3-5 A-C 9 
16 3-4 A-C 7 
17 6-9 A-B 7 
18 6-11 A-D 10 



 

Table 4: Difference between immediate and late CCA, SCAEOR, SCAT1-T12 by specimen. 

Case Vertebral 
Resection Type 

Difference between immediate and 
late CCA (°) 

Difference between immediate 

and late  SCAEOR  (°) 

Difference between immediate 

and late  SCAT1-T12 (°) 
Later 

instrumented 
stabilization 

1 A 0 0 2 no 

2 A 0 0 3 no 

3 A 3 1 2 no 

4 B 8 21 23 yes 

5 B 2 1 2 no 

6 B 0 6 10 no 

7 B 16 23 26 yes 

8 B 4 16 16 no 

9 B 3 3 6 no 

10 B 1 0 2 no 

11 B 7 3 4 no 

12 B 3 0 3 no 

13 B 0 26 30 no 

14 B 15 52 58 yes 

15 B 6 3 4 no 

16 B 3 1 2 no 

17 B 0 0 0 no 

18 C 16 17 25 yes 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 5: Difference between immediate and late CCA, SCAEOR, SCAT1-T12 by subgroups. 

Vertebral resection 
subgroups 

Difference between immediate 
and late CCA (°) 

Difference between immediate 

and late  SCAEOR  (°) 

Difference between immediate 

and late  SCAT1-T12 (°) 
Group A 

mean 
median 

 
1 
0 

 
0 
0 

 
2 
2 

Group B 
mean 

median 

 
5 
3 

 
11 
4 

 
13 
5 

Group Bn<3 
mean 

median 

 
3 
3 

 
1 
0 

 
2 
3 

Group Bn>=3 
mean 

median 

 
6 
4 

 
16 
16 

 
19 
16 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 6: Comparison of spine deformity depending on type of vertebral resection 

Variables n p-value  95% Confidence interval 

Group A vs Group B 
Coronal deformity: CCA 

Sagittal deformity: SCAEOR 

Sagittal deformity: SCAT1-T12 
 

 
 

3 vs 14 

 
0.225 
0.235 
0.286 

 
-10.300 ; 2.629 
-29.857 ; 7.953 
-31.439 ; 9.962 

Group Bn<3 vs Group Bn>=3 
Coronal deformity: CCA 

Sagittal deformity: SCAEOR 

Sagittal deformity: SCAT1-T12 
 

 
 

5 vs 9 
 

 
0.628 
0.061 
0.066 

 
-7.557 ; 4.749 

-32.192 ; 0.903 
-34.520 ; 1.320 

Low-risk group vs High-risk group 
Coronal deformity: CCA 

Sagittal deformity: SCAEOR 

Sagittal deformity: SCAT1-T12 
 

 
 

8 vs 10 
 

 
0.092 
0.010 
0.007 

 
 

 
-9.566 ; 0.816 

-28.726 ; -4.523 
-31.982 ; -5.934 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Fisher exact test 
 

 
Table 7: Comparison of effectives with variation of the sagittal kyphosis over 5° and over 10°. 

Variables n SCAEOR (p-values)* SCAT1-T12(p-values)* 

Kyphosis progression over 5° in sagittal plane 
 

Group Bn<3 versus Group Bn>=3 
 

Low-risk group vs High-risk group 
 

 
 

5 vs 9 
 

8 vs 10 

 
 

0.031 
 

0.025 

 
 

0.031 
 

0.004 

Kyphosis progression over 10° in sagittal plane 
 

Group Bn<3 versus Group Bn>=3 
 

Low-risk group vs High-risk group 
 

 
 

5 vs 9 
 

8 vs 10 
 

 
 

0.086 
 

0.013 

 
 

0.031 
 

0.004 




