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Abstract T h e t r e a t m e n t o f a d v a n c e d c o l o r e c t a l l i v e r m e t a s ta s e s ( C R L M s ) f o l l o w s t h e

bi ph as ic p att er n c h ara ct eri st ic of o nc ol og ic al su rg er y. A ph as e o f e sc ala tio n t he th er ap eu ti cd

a g g re s si v e n e s sdi s fo l l ow  e d b y a p ha se of d e - es ca la t io n a imed at de cr e a sin g th e mo r b id i t y,

wh il e p re se rv ing th e gai ns in su rv iva l. Fro m a maxi mum o f t hr ee le sio n s, t he r u le no l on ge r

li mi ts t he nu mbe r, pr ov id e d the in te r ve n ti o n d oe s n ot ca use le t h al l iv e r fai lu re . T ec hn i c a l ly

fe asi bl e n on -an at omi ca l re se ct i o ns , tw o- sta ge h e pa tec to  mi e s, p o rta l ve in o bl ite ra t io n and so

for th , h av e p us he d the b ou nd ar ie s o f s ur ge ry f ar. Ho we ve r, th e i mpa ct an d t he bi ol og y o f me t-

ast ati c pr oc es se s h ave b ee n lo ng ign o re d.

P a ren c hy mal sp ari ng su rg er y (P S S) is a d e- es ca lat io n s tra te gy tha t t arg et s o nl y me tas tas is by

m i n i m i s i n g t h e r i s k o  f s t i m u l a t i n g t u m o u r g r o w t h , w h i l e e n a b l i n g i t e r a t i v e i n t e r v e n t i o n s .

Red uc in g t he lo ss of he al thy p are nc h yma in cr ea ses th e tol er an ce o f th e liv er to in te rva l c he mo -

the ra py . T ec hn ic al ly , P SS c ou ld use a ny typ e o f h e pa t ec to my, p ro vi di ng it is c en tr ed on th e

meta st ati c l oa d a lo ng sid e in tra op e rat ive a bl ati on .

T he PS S c on ce pt s ome time s wr on gl y c ome s ac ro ss a s a de ba te b etw e en mi no r ve rsu s maj or

h e p a t e c t o mi e s . H e n c e , w e p r o p o s e a c  l e a r d e fi n i t i o n , b o t h q u a n t i t a t i v e a n d q u a l i t a t i v e , o f

wh at P S S i s a n d wh at it is n ot . C on ve rs el y , t he de gr ee of se le cti vi ty o f P SS as a p er ce nt age
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o f th e vo lu me o f re se ct ed met ast ase s v er su s th e vo lu me o f t o ta l li ve r re mov ed ha s no t b e e n

s to pp ed to da te an d sh ou ld be th e su bj ec t o f p ro sp ec ti ve s tu di es .

Ulti mate ly , t he tr ea tmen t of ad van c ed C RL Ms, o f w h ic h P S S is a p ar t, ne ed s to be p er so -

n al is ed b y th e mul tid is ci pl ina ry te am b y a da pti ng its r es po ns e to e ac h ne w re cu rr en ce .

20 18 P u bl ish ed b y El se vie r L td .

1. Introduction

Tr e a tm ent of c olor e ct a l li ve r m et as t as e s ( CR L M s ) is a

pa ra d igm o f the p r og r es s io n o f s ur g ic al on col og y.

In iti al ly , c ons e r va t iv e t ec hni que s we r e u s ed on a lim i te d

num ber of le s ion s . S ur g eon s we r e ca ut ious o win g to the

inhe r ent dif fic ult ies of l iv er s ur g er y a nd t he low ef fica c y

of che mo the r a py a t t he t ime . A t th e e nd of t he 1 98 0 s , it

wa s a s s ume d t ha t n o p at ie nt op er a te d on f or m or e tha n

four CR L M s w ould s ur v iv e bey on d 3 y e ar s . Ne ve r th e-

les s , t his w as p r og r es s iv e ly f oll owe d by m or e a g gr e s s iv e

ap pr oa ch es , ex te ndi ng th e r a ng e of in dic at ion s fo r mo r e

an d m or e a dv a nce d dis ea s e s . F in al ly , in dic at ion s of r e -

se ct ion s c h an ge d t o foc us on e ns ur i ng e noug h fun ct iona l

pa re nc hy ma r e ma ine d. I n p ar a lle l, ex tr a he pa ti c t a r ge ts

su ch a s l imi te d pe r it one al ca r ci n oma t os is a nd lung m e-

ta s ta s es w er e inc lude d in cur a t iv e p r oce d ur e s . O wi ng to

the pr o gr e s s in a na es th es io l og y a nd per io pe ra t iv e c a r e,

su r ge ons j us t f oc us s ed o n w ha t w as t ec hni ca lly fe a s ible .

Bu t fi na lly , i ns pir e d b y bio log y a nd t hr ou gh th e u s ua l

de- es c al at ion pr oc es s of s ur g ica l onc olog y , t he s tr a t eg y

ma tur e d t a r ge ti ng jus t t he liv er me ta s ta s e s a nd s p ar i ng

the hea lt hy li ve r pa r en chy m a.

T o s e r v e t his de- es c a la tion , s e ve r a l t ec hni que s , s uc h

as n on- an at om ica l r es e ct ion s , min or h epa t ec tom ies[1 ]

[2] [3 ]a n d in tr a ope r a t iv e a bla t ions , ha ve b ee n u s ed. T he

onc olog ic al c le ar a nc e a ls o ev o lv e d f r om mo r e th an 2 c m

to a t le as t 1 c m, the n 2 m m an d fi na lly to 0 mm .[4 ]

Re fine d int r ao per a t iv e ult r a s ound ( I O US) gu ida nc e

all owe d r emo v al of de ep ly loc a te d li ve r l es ion s , a s m a ny

as 5 0 , in a s i ng le op e r a ti on . I O US a ls o ena bl ed s uc-[5 ]

ces s f ul a pp lic at ion of intr a op er a ti ve a bla ti on .[6 ]

Fu r the r mo r e, t he r e g ene r a tiv e ab ilit y o f liv e r pa r en-

chy ma pr es e nt ed uni que opp or tu nit ies in s ur g ica l

onc olog y . Se lec ti ve v as c ula r oc clu s ion o f th e a r ea s w ith

CR L M s ma de it po s s ible t o ind uce hy pe r tr o phy of t he

fut ur e r em na nt l iv e r ( F R L ), a ll owi n g s oph is tic a te d on e

or tw o-s t a ge s ur g ica l p r oce dur e s a n d m inim is in g t he[7 ]

ri s k of p os top er a ti ve li ve r f ai lur e but in cr e as i ng , a t t he

sa m e t im e, the r is k of tr i gg in g the t umo ur a l g r ow th of

re mn an t m icr o me ta s ta s es .

I n pa r a lle l, a ll t he s e a g gr e s s iv e a nd s ophi s tic a t e d

tr ea t me nts we r e l eg iti mis e d b y imp r ov ing t he s y s t em ic

con tr ol wit h s e ve r a l lin es o f ch em oth er a py a nd ta r ge te d

the r ap y. I nde ed , t he s ur v iv a l of m et a s ta tic pa t ien ts i n

the p al lia tiv e s e tt ing ha s inc r ea s e d f r om 2 4 t o 29 mon ths

[8] . No w, r e s ec ta ble dis e a s es ha v e a n ov e r al l 5 -y ea r

s ur v iv a l of a lm os t 6 5 % f or s olit a r y C R LM s [9 ] a n d

3 5% f or m ulti s i te C RL M s . Ho w ev e r , t his e ffic a cy[3 ]

pa y s a p r ice in t er m s of l iv er - indu ce d tox ic it y w it h

inc r ea s e d m or bid ity a nd mo r ta lit y due t o e xt en ded r e-

s ec ti ons .[1 0 ]

A s s u r ge ons an d o nco log is ts fa c ed fr e que nt r e cur r e nt

dis e a s e r e qui r ing s e ve r a l li nes of tr e at me nt s , it be ca m e

cr i tic a l t o t a ke int o ac co unt th e biol og y of th e me ta s ta t ic

pr oc es s . T he r is k s wi th c on com it a nt s y s te mic che mo -

th er a py a nd bio log ic al s n ee d to b e co ns ide r ed w he n

de finin g th e o pti ma l t y pe a nd t im i ng of CR L M s u r ge r y .

A ll the s e cr it er i a ar e ke y fo r th e d e- es c al at ion s tr a t eg y

th at s pa r es nor m al pa r enc hy  ma a nd f ocu s tr e at me nt on

th e s o le i den tifi ed CR L M . C onc ep tua lly , t his ap pr oa ch

br in gs ba c k on col og y t o the h ea r t of th e dis c us s io n.

Co ntr a r il y, t he r ec ent in tr od uct ion of la pa r os c opy t o

tr e a t C R LM s , j us t be ca us e it s eem s fe a s ible , br e ak s

dow n t he pr in cip le o f d e- es c al at ion by pr o mot ing a r e -

tu r n t o m aj or h epa te ct om ie s whi c h ar e le s s di ffic ult t o

pe r for m th an tu mou r ec tom ie s .

N ev er t hel es s , a uth or s w ho s upp o r t pa r enc hy ma l

s pa r ing s ur g er y (P S S) ha ve p ubli s hed di ff er en t defi ni-

ti ons in tr od uci ng s o me con fus i on . C ons id -[1 ,1 1 1 6 ]e

er i ng ho w t his t ec hni que ca n pot ent ia lly de cr e a s e t he

r is k of s ur g ica l com pli ca ti ons , r ec ur r en ce a nd p r og r es -

s ion , t her e is a c le ar pos s ib ilit y to da y for he pa to bili ar y

ex pe r ts t o r e a ch f or a c ons e ns us o n P SS de fini tio n; h ow

P SS s houl d be im ple me nte d p r ac ti ca lly a nd how qua li ty

a s s ur a nce m ea s ur e s co uld he lp u s in its r at ion ali s at ion

ha v e s t ill to b e dis c us s e d a nd d ev el ope d.

1.1. Diffusion of micrometastatic CRLMs as the main

criticism for extensive resections

F r om be ing a l et ha l di s ea s e, the CR L M ha s be co me

mo r e of a c hr on ic dis e a s e . Th e hig he r t he nu mbe r o f[1 7]

tr e a tm ent l ine s tha t c an s uc ces s f ull y be co mpl ete d b y

pa ti ent s , the long e r t he s ur v iv a l. T his is tr u e not o nly f or

s y s te mic tr e at me n t s but al so f or s ur g er y .

C ur r ent r a t iona l is t ha t a ll t he m et as t a s es a r e s y n-

ch r onou s w ith the pr i ma r y tu mou r . M et a chr o nous[1 8 ]

me ta s t as i s is tho ug ht t o be a c ons e que n c e of the fa il ur e

of the im mun e s ur v ei lla nc e of do r ma nt mic r ome t a s t at ic

le s ions , w hi c h a r e pr es e n t a t a n ea r ly s t ag e of dis -[1 8]

ea s e . T he s e mi gh t h av e a ls o infil tr a te d t he F R L s e g -

me nt s . He nc e, inc r ea s ing th e r e s ec tio n vo lum e is a one -

s hot s tr a te g y th a t wil l not n ec es s a r ily ben efit the
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pa ti ent s . O n t he oth er ha nd , P SS is a pr ec is io n s ur g ica l

s tr a t eg y t ha t i s ad ap te d to s p ott ing m ult iple mic r o-

me ta s t as e s , r eg a r dle s s o f the ir lo ca ti on in the or g a n.

M or eo ve r , it i s del iv er e d s i mil ar t o s ys t em i c c h e mo-

th er a py wi th s e v er a l lin es t ac kli ng s ev er a l w av e s of

r ec ur r e nce s .

R e ce nt da ta o n im mu ne s ur v eil la nce c onfir m t he in-

te r es t f or it er a ti ve lo ca l t r ea t me nts s uch a s a bla ti on o f

me ta s t as e s . Suc h tr e at me n t s a r e s up pos e d to lib er a te

tu mou r ce ll de r iv e d a n tig en s le ad in g to a uto va c c in a-e

ti on. P r op one nts of t r ia ls hy pot he s is e tha t t he y ma y be

a ble to inc r ea s e thi s a bs c opa l e ff ec t ( e. g. ht tp: / /w ww .

eo r tc .or g / r es e ar c h_ fie ld/ c lini ca l- det a il/ 1 56 0 / ). I nt r ao p-

er a t iv e ab lat ion , w hic h h as b ee n c le ar l y und er us e d in

he pa to- bil ia r y ( HP B ) s u r ge r y, cou ld no w find a f ai r

r ec og nit ion , e s pec ia lly a s a c omp lem en ta r y s tr a te g y to

im mun e t her a p y .

I t is im por t an t for a m ult idis c ipl ina r y t ea m (M D T ) to

pr op os e s ev er a l lin es o f t r ea tm en t , inc ludi ng ite r a tiv e

s ur g er y fo r C R L M s d ur ing dif fe r en t wa ve s of r e -

cu r r enc es . M or e ov er , cho os ing c he mot he r ap y r eg i-[1 9]

me ns t ha t d o no t s i gn ific an tly in cr e a s e s ur g ic al

co mpl ica t ions is c r uci al f or the s uc ce s s ful c ont r ol of

me ta s t at ic d is ea s e . I t is kn own tha t m or e t ha n 12 cy cl es

of ch em oth er a py c an le ad to a  n u na cc ept a bl e lev e l of

pos t ope r a tiv e mo r t a lit y . PS S pe r mit s g ood out co me s[2 ]

bot h f or min or a nd ma jor he pa te ct omie s , pr ov ide d o nly

a s m al l po r tio n of no r ma l pa r e nch ym a is r e s ec te d in

bot h pr o ce dur e s .[1 1 ]

1.2. Surgical trauma may induce recurrence and

progression

I t i s w el l e s ta bl i s hed tha t a ny t yp e of li ve r pa r enc hy ma l

tr a um a r e s ec tio n, a bl at ion or p or ta l ve in obli t e r at iond

(P V O ) r ele a se s cy to kine s r e s pons i ble bot h for hep a-d

to cy te hom oe os ta s is a nd the r e s i dua l m et a s ta tic g r ow t h

[2 0 ,2 1] . I t ha s be en c lea r ly s h own th at P SS a dv oca t es

one -s t a ge s ur g e r y mor e f r equ ent ly c omp ar e d w ith t wo-

s ta g e s ur g er y , whi ch ma y r e quir e a ddi tio na l P V O .[ , ]5 2 2

P SS c a n o ffe r s a fe it er a t iv e t r ea t me nt whe n f a ce d w ith

ma ny r e cu r r enc es . I t al s o m inim is es th e b iolo gi ca l r is k

of t he tr e at me nt , a r i sk c le ar l y ide nti fied a mon g pa tie nt s

wh o dr o p ou t o f t he tw o- s ta g e p r oce dur e s b eca u se of

pr og r e s s ion . T h e i dea t ha t P V O , t wo- s ta g e h ep -[ , ]2 3 24

a te ct omi es o r the a s s oc ia te d li ve r pa r ti tio n a nd por t al

v ein lig a ti on f or s t a ge d h epa t ec tom y (A L P P S) pr oc ed -

ur e ca n be a t es t for m or e a g g r es s iv e s ur g e r y is not

a cc ept a ble a s s ur v iv a l o f p at ie nts who dr op out is[2 4 ]

low er tha n th at of p at ien ts tr e at ed by p al lia tiv e

ch em oth er a py a lo ne . M or e ov er , a r ec ent a na ly s is[ 23 ]

ha s s h own t ha t r ec ur r en ce -fr e e s ur v iv a ls o f pa tie nt s w ho

und er w ent o ne- s ta g e s ur g er y a r e s imi la r to t hos e s uc -

ce s s fu lly c om ple ted s t ag e d a pp r oa ch . E ur ope a n[2 4 ]

O r g an is a tio n for R e s ea r ch a nd T r e at me n t o f Ca nc er

(E O R T C )/ E ur o pea n S oci et y o f Sur g ic a l O nco log y

(E S SO ) 14 0 9 CL I M B s t udy h as re ce nt ly co mpl et ed its

pr i ma r y a na ly s is on 3 0- a nd 90 - da y s ur g ica l com pli ca -

t ion r a te s in pa t ien ts wit h unr e s ec ta bl e CR L M s tha t

ha v e u nde r go ne e ith er on e- or t w o- s ta g e he pa te ct om ies

or s ur g er y for mu lti s ite m et as t a s es (A SC O 2 0 18 ab s tr a ct

# 2 1 65 8 7 ). Th er e is a n ind ica ti on f or m or e s ev e r e c om -

pl ica t ions a nd hig he r mor t a lit y r a te s f or tw o- st a ge pr o-

c edu r es . A s s e s s me nt o f c or r e lat ion t o t umo ur bu r d en is

on go ing .

A L P P S ha s bee n p r opos e d as a be tt er in duc er of F R L

g r ow th a nd con s equ ent ly , as a s a lv ag e s tr a te g y f or

a dv a nce d C R L Ms . T his t ec hni que ind uce s mo r e

pa r e nch ym a l ne cr os i s a n d infla m ma to r y cy t oki n e

r e lea s e . Mo r ta lit y i s as hi gh a s 9 % , a nd t he[ , ]25 2 6

on col og ica l out co m es d o n ot s ee m an y be tte r t ha n i n

pa ll ia tiv e tr e at me nt . L a s t but no t t he le as t , r e ce nt[2 7 ]

s t udie s ind ica t e tha t th e v ol ume of he pa to cy te s i s not

c or r el at ed to liv er fun ct ion. 9 9m T c- me br of en in s c int ig -

r a phy s how s t ha t p os t- A L P PS he pa to cy te s a r e[ 28 ]

im ma tu r e. C ons e que ntl y, e v en i f F R L v ol ume is ob -

t ai ned , the po or ly fu nct ion ing he pa to cy te s wil l in cr e as e

t he r is k of po s top er a ti ve li ve  r fa ilu r e. O ne- s ta g e

a ppr o ac h a s s es s e d pr eo per a t iv ely by an MD T ha s a

c lini ca l a nd bio log ic al s upe r ior it y ov er m or e a gg r e s  s iv e

a ppr o ac he s s uc h a s t wo- s ta g e hep at ec to mie s , P VO an d

A L P P S. T he r is k s a nd b ene fit s o f the s e di ff er e n t

t ec hniq ues s houl d be cl ea r ly dis c us s e d w ith pa ti ent s , a t

t he fi r s t i ns ta nc e, o r r es e r v ed for t he mo r e ad va nc ed

c as e s .[2 9]

1.3. A challenge to achieve a common definition of PSS

T he m ai n mi s con ce pti on r e g ar d ing P SS is t he is s ue of

m inor v e r s us m a jor he pa tec to mie s . I f a r ig ht liv er[ , ]15 3 0

is f ull of C R LM s , a r ig ht he pa te ct om y ca n be co ns ide r ed

a s P SS ev en th oug h i t i s a ma jo r he pa te ct omy . O n t he

ot he r ha nd, if a 2 -m m CR L M is r e s ec te d by a f ull s eg -

m ent ec to my , it s ho uld not be c ons id er e d a s P SS ev en

t houg h i t is a mi nor he pa te ct omy ( ) . T he a tt em ptF i g . 1

t o jus ti fy P SS by s tud yi ng a s er i es of r e s ec ti ons fo r

un ique m et as t a s is is the or e t ic a lly c or r ec t but cl ini-[1 6 ]

c al ly dis t or te d; in pr a ct ice , P SS s houl d b e a pp lie d f or

m or e ad va nc ed ca s e s th at wi ll n e e d c omp lex d ec is ion s

F i g . 1 . P SS h a s n o c o r r e la ti on w ith th e c la s s i fic a ti o n of m in o r

v e r s u s m aj o r h e p ate c to m ie s . (A ) i ll u s tr a te s a c as e o f t he e x te nd e d

r i gh t h e p at e c to m y w hi c h is a P SS a nd (B ) i ll us tr at e s a c a s e o f a

m o n os e gm e nte c to m y no t b e in g a P SS . P SS , pa r e n c h y m a l s pa r i ng

s u r g e r y .
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ba se d on a r e s pon s e t o c he mot he r ap y an d r is k of s ur -

gic a l pr oc ed ur e. T he a uth or s bel ie v e t ha t f ocu s s ed

re s ec ti on ( tum ou r e ct om ies ) , e ve n a cc ep ting t umo ur[3 1]

in c ont ac t w ith ma jor v a s cul ar s tr u ct ur es o r t he[3 2 ]

com bina t ion of a bl at ion a nd r es e ct ion , wou ld[6 ]

impl em ent t he r ig ht con ce p t of PS S. B o th a p pr oa ch es

mini mis e t he ne ed fo r a P VO an d l owe r t he s ur g ica l r is k

whe n co mpa r e d w ith oth er pr oc ed ur es .

F or a c lin ica l va li da tio n of it s th eor e ti ca l s up er ior i ty ,

the fo ll ow ing qu e s t ions nee d to be a ddr e s s e d: wha t is t he

pr ac ti ca l de fini tio n of P SS ? How to p er f or m PS S? H o w

ca n we ta il or C RL M s ur g e r y t o de cr e as e c omp lic at ion s

ye t ma in ta in f av ou r ab le ou tco me s ? I n f ut ur e, s t udie s

ev al ua tin g v olum e- ba s ed t hr es h old of an a cc ep ta ble

ra t io of nor m al pa r e nch ym a v e r su s t he t umo ur a l b ur de n

nee d to be c ar r i ed out . I s 8 0 % o r 5 0 % a n a c ce pta bl e cut -

off r a tio to j udg e whe th  er P SS i s fe a s ible or n ot? W ill it

be pos s i ble to c or r ela t e thi s t hr es h old w ith a s s es s m ent of

clin ica l a nd mol ec u la r biom a r ker s , cli nic al o utc om es

su ch a s pos t he pa te ct omy l ive r f ai lur e fr e que nc y or t he

su r gi ca l mo rb i dit y / mor t a lit y r at e? T he r e i s no c ons e ns us

in t hes e ma tt er s y et . P r os pe ct iv e s tu die s o n com ple x

CR L M s ar e s c ar c e , an d h en ce , o nly r e tr o s pec ti ve s t udi es

[1 1 ,1 5, 16 ,3 0 ] ha ve be en pu blis h ed ba s ed on v er y

dif fe r en t de fi ni tio ns of P SS .

T o a c h i e v e a c o m m on d e fi n it i o n o f P S S i n p r o s pe c -

t i v e s t u d i e s , c o l l a b o r a t i o n a c r o s s e x p e r t n e t w o r k s o f

s ur g e on s , p a t h o l o g i s t s , r a d i o l o g i s t s a n d o nc o lo g i s t s is

n e e d e d . A s t a n da r di s e d d a t a s e t t o a c c u r a t e l y a n d

c o n s i s t e n t l y do c u m e n t C  R L M s i n t e r m s o f s iz e , l o c a -

t i o n a n d e x t e n t i s n e e de d . I d e a l l y , a c e n t r a l i m a g i n g

p l a t f o r m i s n e e d e d t o c o l l a t e i m a g e s . P r e o p e r a t i v e i m -

a g e s w i l  l n e e d t o b e c o r r e l a t e d w i t h i n t r a o p e r a t iv e

fi n d i n g s a  n d p o s t op e r a t i v e p a t h o lo g y e v a l u a t i o n . A

q u a l i t y a s s u r a n c e i n f r a s t r u c t u r e s u c h a s S U R C A R E

[ 3 3 ] c a n f a c i l it a t e a n i nt e g r a t e d c e nt r a l r e v i e w a n d

c o r r e l a t e c l i ni c a l o u t c o m e s . F i g . 2 s h o w s p a t ho l o g y

q u a l i t y a s s e s m e n t ( Q A ) p e r f o r m e d in t h e E O R T C 1 5 2 7

D R E A M s t u d y d e m o n s t r a t i n g s t a n d a r d c u t s u s i n g a

m a c h i n e s l i c e r a n d p h o t o d o c u m e n t a t i o n o f e a c h s li c e .

T h is a p p r o a c h w i l l o f f e r m o r e a  c c u r a t e e s t i m a t e s o f

t u m o u r v o l u m e a n d d e fi ni t i o n o f P S S .

F ig . 2 . A n e x a m p le o f h ow a s ur g i c a l s pe c im e n ha s to b e pr o c e e d e d to a pp r a is e i f t he s u r g e r y w a s a PS S . T h e s pe c i m e n is c u t i n to 5 -m m

s li c e s . T h e to ta l a r e a a n d the tu m ou r a r e a a r e d e l im ite d , an d s o ftw a r e d e te r m in e s t he s ur fac e of e a c h z on e . T h is op e r a ti on i s p e r fo r m e d fo r

e ac h s l id e . T he s u btr ac t io n o f th e to ta l a r e a o n t he s u r fa c e o f th e tu m o u r ar e a m a k e s i t p os s ib le t o d e te r m in e th e s ur fac e o f he a l th y

pa r e n c h ym a a n d s o th e r e s pe c t iv e p e r c e nta g e s o f he a l th y a n d tu m o u r p ar e n c h y m a . C a s e 1 il lu s tr ate s a P SS w h e n c as e 2 , a n o n -PS S . P SS ,

pa r e n c h ym al s p a r in g s u r g e r y .
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2. Conclusion: moving towards precision medicine with

PSS for better CRLM surgery outcomes

W e b eli ev e t ha t PS S br in gs s ur g ical tr e at ment of C RL M s

int o t he pe r so na lise d med ici ne er a . P S S is t a ilor ed a r ou nd

pa tient ’s dis e as e bi ology a n d c lini ca l cha r a cte r is ti cs . I t

r eq uir e s s ur g eo ns a nd M DT s t o pl an tr e a tm ent s wi th les s

r is k of co mpl icat ions t ha t m a y t r ig ger r ec urr e nces or

pr og re s s ion . I n the f utur e, tail or in g a par enc hy m al s ur -

g er y f or one pa ti ent wi ll a ls o i nco rpor at e m olecul ar an d

cl inic a l s c or es a long wi th the tu mou r v olum e.

T h e m a in limi ta ti on of P SS i s th e r e le va n c e of th e

s ur g ic al indic a tio n it s elf . I s it r el ev a nt t o ope r a te on 1 5 ,

2 0, 3 0 or 5 0 C R L Ms ? P r ob a bly t he an s wer is p er s on al ,

ca s e by ca s e an d r e ma ins the pr iv i le g e o f t he M DT dec i-

s ion . I t is tr ue th at the pr o gn os is of th e C R L M d is ea s e

de cr e as e s w ith th e n umb er o f m et a s ta s es an d t he plur a li ty

of th e in vo lv ed o r ga n s . Pu s hing t he limi ts o f P SS r ele g at es

s ur g er y t o an a dju va nt r ole to c he mot he r ap y ( whi ch i n-

cr e a s es the s ur v i v a l o f t hes e pa t ien ts in t he pa llia ti ve

s et ti ng , ye a r a ft er y ea r ) . Ne ve r th ele s s , s om e no te wor t hy

pr og r e s s ca n be ex pe ct e d in C R L M s ur v iv al in the fu tur e ,

ma in ly by ma king mic r os a te llit e s ta bl e ( M SS ) c olo r ect a l

tu mou r s s en s iti ve t o im mu not her a py (wh ich is cur r e nt ly

not th e c a s e) . Sur g eo ns mu s t be t ec hni c a lly r ea dy t o a s -

s um e the ir r o le of ‘r e s idu al le s ion cl ea ne r s ’.

A n oth er t ec hnic a l lim ita t ion is t he va ni s hing a nd t he

is oe ch oic me ta s t as e s , t wo s ubt y pes of CR L M s p r oba bly

r es p ons ib le f or a l ar g e a mo u nt o f r ec ur r e nce s of t he

dis e a s e. A t a ma cr o s cop ic bu t inv is i ble l ev el , t he y

r ep r es e nt the s a me t hr ea t a s m ic r ome ta s t as e s do a t t he

mi cr os c opi c l ev el . A l one , t his c a nno t jus t i fy s ac r ific ing a

la r g e am oun ts of nor m a l p ar e nc hy ma . B ut th e deb at e of

r em ov ing t he p uta t iv e v olu me of a mi s s ing CR L M

v er s us an im ag in g s ur v ey is al wa y s pe ndin g a nd s ur -

pa s s es t he de ba te o f P SS.

T h e fir s t int er e s tin g pr o sp ec tiv e ev a lua ti on is ex -

pe ct ed a s a tr a ns la t iona l r es e ar c h s tu dy wit hin E O R T C

1 52 7 G I TC G (D R E A M) s t udy (h tt p:/ / ww w. eor t c. or g /

r es e a r ch_ fie ld/ c lin ica l- d et a il/ 1 5 27 / ) in c oll ab or a tion

wi th E O R T C G as t r oint es t ina l C an ce r G r oup, E S SO ,

Ja pa n C lini ca l O nc olog y Gr ou p, L ig ue na t iona le

co ntr e le Ca nc e r , M D A n der s o n Ca nce r Ce nt e r an d

O hio Hos p ita l S ta te Un iv er s it y .

R e a chi ng a c ons e ns us on PS S wi ll po ten tia ll y o ff er a

mo r e pr e ci s e, s a f e a nd e ff ec tiv e s ur g er y fo r CR L M

pa ti ent s .

Conflict of interest statement

N one de cla r e d.

Acknowledgements

T h e a ut hor s wo uld l ike t o t ha nk Dr . R av i No oka la of
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