
Dif fer ent types of biomarkers can be an a lyzed at
var i ous lev els and by dif fer ent tech niques in or -
der to as sess the re sponse to neoadjuvant
chemoradiotherapy (nCRT) in colorectal can cer
(CRC). The clin i cal prac tice cur rently re lies
mostly on im ag ing mark ers, carcinoembryonic
an ti gen (CEA), and tu mor histopathology. Mol e -
cules that have pre dic tive po ten tial in CRC pa -

tients sub jected to nCRT are those in volved in cel lu lar 
path ways that me tab o lize spe cific chemotherapeutics
and pro tect the cell from ra di a tion, but none of them
have been ap proved in clin i cal prac tice. Can di date
mol e cules in ves ti gated so far can be sorted in the fol -
low ing groups based on their phys i o log i cal func tions:
5-FU me tab o lism path ways, cell cy cle and DNA re -
pair, and ox i da tive stress and in flam ma tion. How ever, 
dif fer ences in sched ules and doses of chemoradiother -
apy reg i mens, vari a tions in in ter vals be tween nCRT
and sur gery, and non-stan dard ized tu mor re sponse
evalution make com par i sons of re sults among stud ies
and draw ing con clu sions ex tremely dif fi cult.
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IN TRO DUC TION

Sur gi cal re moval of the pri mary tu mor is the main stay
treat ment for colorectal can cer (CRC), while other

mo dal i ties of adjuvant and pal lia tive ther apy in clude che -
mo ther apy, ex ter nal ir ra di a tion and mo lec u lar tar geted
ther apy in se lected groups of pa tients1. The stan dard tre-
atment pro to col for pa tients with lo cally ad vanced CRC
in cludes neoadjuvant chemoradiotherapy (nCRT) fol -
lowed by to tal tu mor ex ci sion2. In gen eral, nCRT is based 
on infusional 5-fluorouracil (5-FU) com bined with con -
ven tional ra di a tion doses of 1.8–2Gy per frac tion over
5-6 weeks (to tal dose of 45–50.4Gy)3. Tri als have high -

lighted lower tox ic ity, re duced lo cal re cur rence rates, and 
pro longed dis ease-free sur vival (DFS) of pre op er a tive vs. 
post op er a tive chemoradiotherapy4,5. The main ben e fit
from nCRT is tu mor downstaging, which im proves tu mor 
resectability in most pa tients 6. In a sig nif i cant num ber of 
pa tients (10-30%), nCRT leads to a patho log i cal com -
plete re sponse (pCR), de fined as no re sid ual can cer
found on histological ex am i na tion of the spec i men 6,7.

Pre dic tive biomarkers en able strat i fi ca tion of pa tients
based on clin i cal out come in re sponse to a par tic u lar
treat ment8. In CRC, pre dic tive biomarkers have been ex -
ten sively stud ied in met a static dis ease, and some of them
were val i dated as in di ca tors of poor re sponse to bi o log i -
cal ther a pies tar geted against epi der mal growth fac tor re -
cep tor (EGFR) 9. How ever, pre dic tive biomarkers are far
less in ves ti gated in pa tients with non-met a static CRC
sub jected to nCRT and none of the mark ers stud ied so far 
have been ap proved in clin i cal prac tice 10. Iden ti fi ca tion
and val i da tion of pre dic tive biomarkers for re sponse to
nCRT would help cli ni cians to iden tify CRC pa tients
who would prob a bly ben e fit from this multimodal treat -
ment. The dis cov ery of biomarkers and their eval u a tion
in larger, pro spec tive tri als and in com bined pre dic tive
mod els could po ten tially be used to de fine tai lored ther a -
peu tic strat e gies.

MEA SURE MENT OF RE SPONSE TO NCRT IN CRC

There are dif fer ent types of biomarkers that can be an a -
lyzed at var i ous lev els and by dif fer ent tech niques for the 
pur pose of as sess ment of re sponse to nCRT in CRC. The
clin i cal prac tice cur rently re lies mostly on im ag ing mark -
ers, in par tic u lar on mag netic res o nance im ag ing (MRI)
and pos i tron emis sion to mog ra phy/com puted to mog ra phy 
(PET-CT) 7. Mo lec u lar im ag ing is a prom is ing tech nique
for the early iden ti fi ca tion of re spond ers to nCRT, but it
has still not widely used in clin i cal prac tice 11. Dif fu sion
weighted MRI (DWI-MRI) ap pears to be the best im ag -
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ing tool to pre dict re sponse to nCRT, since sev eral stud -
ies have re ported its ac cu racy in pre dict ing tu mor re gres -
sion and, in par tic u lar, pCR, with high sen si tiv ity and
spec i fic ity 7.

 Carcinoembryonic an ti gen (CEA) is a widely rec og -
nized marker for eval u a tion of re sponse to nCRT and
rou tinely used in clin i cal prac tice12,13. It is in ex pen sive,
repro duc ible, and rap idly avail able. How ever, its rel a -
tively low spec i fic ity and use of dif fer ent cut off val ues
ques tion us abil ity of CEA for fol low up of nCRT ef fect.
De crease in CEA lev els af ter nCRT are con sid ered use ful 
for pre dict ing pCR and better pa tient out come, but these
data re quire val i da tion in larger pro spec tive tri als.

 Tu mor histopathology be fore and af ter nCRT re mains
the es sen tial tool in as sess ment of the re sponse to nCRT
14. The most fre quently used histological in di ca tors of re -
sponse to treat ment are downstaging, tu mor re gres sion
grade (TRG) an patho logic com plete re sponse (pCR) de -
fined as no vi a ble can cer cells in sur gi cal spec i mens.

 Re sponse to nCRT is highly vari able and pa tients with
CRC pres ent with dif fer ent re sponses in terms of both
treat ment ef fi cacy and tox ic ity. Tu mor re gres sion af ter
nCRT var ies sub stan tially among in di vid u als, rang ing
from tu mor shrink age to com plete dis ap pear ance at the
pri mary site. How ever, dif fer ences in sched ules and
doses of chemoradiotherapy reg i mens, vari a tions in in ter -
vals be tween nCRT and sur gery, and non-stan dard ized
tu mor re sponse evalution make com par i sons of re sults
among stud ies and draw ing con clu sions ex tremely dif fi -
cult.

MO LEC U LAR BIOMARKERS FOR RE SPONSE TO
NCRT IN CRC

Dif fer ent mol e cules are be ing ex plored in or der to find
a biomarker or a com bi na tion of biomarkers that can pre -
dict re sponse to 5-FU and ra di a tion ther apy. Most re -
search on im prov ing nCRT out comes has fo cused on
mod u lat ing 5-FU and ra di a tion doses in or der to im prove
treat ment ef fect on can cer cells. How ever, some in her ited 
char ac ter is tics and some char ac ter is tics of the tu mor have 
piv otal roles in de ter min ing treat ment out comes. In her -
ited ge netic al ter ations in the mol e cules in volved in cel -
lu lar path ways that me tab o lize 5-FU and/or pro tect from
ra di a tion ef fect can mod ify the cel lu lar re sponse to
nCRT. Changes in the tu mor microenvironment in duced
by pro longed ex po sure to chemotherapeutics and/or ir ra -
di a tion may pro mote chemoresistance/radioresistance and 
tu mor re cur rence 15.

Most can di date biomarkers are se lected based on the
knowl edge of a mol e cule's in volve ment in the spe cific
treat ment-re lated mo lec u lar path ways. Mol e cules that
have pre dic tive po ten tial in CRC pa tients sub jected to
nCRT are those in volved in cel lu lar path ways that me tab -
o lize spe cific chemotherapeutics and pro tect the cell from 
ra di a tion. Can di date mol e cules in ves ti gated so far as po -
ten tial biomarkers for re sponse to nCRT can be sorted in
the fol low ing groups based on their phys i o log i cal func -
tions: 5-FU me tab o lism path ways, cell cy cle and DNA
re pair, and ox i da tive stress and in flam ma tion 16,17.

5-FU ME TAB O LISM PATH WAYS

As the main back bone of com bi na tion che mo ther apy in 
both the adjuvant and met a static dis ease set tings, 5-FU is 
the most com monly used drug in the treat ment of CRC 18. 
In fu sion of 5-FU in com bi na tion with ra dio ther apy is rec -
om mended as a stan dard pre op er a tive treat ment in pa -
tients with lo cally ad vanced rec tal can cer 19. The pri mary
ac tion of 5-FU is ir re vers ible in hi bi tion of thymidilate
synthase 18,20. This drug also works as antimetabolite,
mim ick ing the struc ture of the met a bolic py rimi dines.
Genes in volved in phar ma co log i cal ac tions of fluoro-
pirimidines con fer vari ants that can mod ify mo lec u lar ac -
tions of 5-FU, and hence af fect the re sponse to treat ment.

Thymidylate synthetase (TYMS) is an es sen tial en zyme 
in me tab o lism of nu cleic ac ids. It con verts deoxyuridine
monophosphate (dUMP) to deoxythymidine monophos-
phate (dTMP), thus pro vid ing thymidines for the syn the -
sis of DNA. With in hi bi tion of TYMS, an im bal ance in
lev els of deoxynucleotides oc curs, which causes DNA
dam age. Ex pres sion of TYMS in tu mor tis sue and sev eral 
polymorphisms in the TYMS gene pro moter are can di -
dates for pre dic tive mark ers in CRC pa tients fol low ing
nCRT. Lack of TYMS ex pres sion in the tu mor tis sue
eval u ated by immunohistochemistry was as so ci ated with
tu mor downstaging af ter nCRT 21. The homo zy gotes for
three 28bp re peat se quences of the vari able num ber tan -
dem re peat (VNTR) poly mor phism in the TYMS pro -
moter who un der went nCRT had a better re sponse, as
well as in creased DFS22-24. Tu mor and nodal downstaging 
rate was also as so ci ated with the pres ence of G at the 12th

nu cle o tide in the sec ond re peat of the VNTR
polymoprhism23,24. Poly mor phism 6-bp in ser tion/de le tion
at po si tion 1494 in the 3'-un trans lated re gion of the
TYMS gene may also be an im por tant pre dic tor for
histopathological tu mour re gres sion in CRC pa tients re -
ceiv ing nCRT, since 6-bp de le tion was as so ci ated with
better re sponse to ther apy 25,26.

Methylenetetrahydrofolate reductase (MTHFR) is in -
volved in fo late me tab o lism and is nec es sary for
homocysteine remethylation to methionine, thus af fect ing 
the me tab o lism of py rimi dines. Nat u ral vari a tion in this
gene is com mon in healthy peo ple, and two MTHFR
polymorphisms were stud ied as pre dic tive mark ers of tu -
mor re sponse in gas tro in tes ti nal can cer pa tients sub mit -
ted to nCRT, 677C/T (rs1801133) and 1298A/C
(rs1801131)27. The MTHFR haplotype 677T/-1298A was 
shown to have the po ten tial as pre dic tive biomarker for
re sponse to ther apy28. Car ri ers of 677CC ge no type were
less likely to re spond to treat ment than pa tients car ry ing
677TT ge no types29. Also, the ge no type 677TT ap pears to 
con trib ute to the radioresistance 30.

Al though clearly rel e vant for re sponse to 5-FU based
ther apy in CRC pa tients, TYMS and MTHFR vari ants
were not con firmed as pre dic tive biomarkers. Their sig -
nif i cance and role in chemoradioresistance re main un -
clear due to con tro ver sial re sults ob tained by dif fer ent
stud ies. Ge netic vari abil ity in fo late-me tab o liz ing en -
zymes was found to be as so ci ated only to a lim ited de -
gree with clin i cal out comes and char ac ter is tics among
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pa tients with CRC treated with nCRT. Fur ther ep i de mi o -
log i cal stud ies on larger co horts are needed to es tab lish
the con tri bu tion of TYMS and MTHFR ge no types and
their com bi na tions to the re sponse to nCRT in CRC pa -
tients.

CELL CY CLE AND DNA RE PAIR

Abberations in struc ture and func tion of mol e cules in -
volved in cell cy cle and DNA re pair have been long rec -
og nized as causal fac tors for can cer de vel op ment31,32. Nu -
mer ous genes en cod ing mol e cules in volved in the cell cy -
cle are known onco genes and tu mor supressor genes, and
their de reg u la tion leads to ma lig nant trans for ma tion re -
sult ing in can cer ous growth. De fects in the cel lu lar DNA
re pair sys tems lead to mu ta tions or chro mo somal ab er ra -
tions that af fect onco genes and tu mor sup pres sor genes,
thus in di rectly con trib ut ing to the ma lig nant trans for ma -
tion. In ad di tion to be ing in volved in ma lig nant pro cess
and de ter min ing the mo lec u lar char ac ter is tics of the tu -
mor, cell cy cle and DNA re pair mol e cules have an im por -
tant role in re sponse to chemoradiotherapy.

Cyclin-D1 (CCND1) is in volved in the reg u la tion of
the G1 phase of the cell cy cle, which preceeds the DNA
du pli ca tion and the cell di vi sion. Con sid er ing that ra dio -
ther apy tar gets di vid ing cells, vari ants in CCND1 may al -
ter the re sponse to ra di a tion due to mod u la tion of cell cy -
cle con trol. The vari ant G870A (rs9344) of the CCND1
gene ap pears to be rel e vant for the re sponse to nCRT. Pa -
tients car ry ing ge no type AA had tu mors with sig nif i -
cantly higher radiosensitivity and the pres ence of A al lele 
cor re lated with a lower risk of lo cal fail ure and re cur -
rence33,34. Con tra dic tory re sults were ob tained in an other
study that has an a lyzed mul ti ple mark ers and pCR, which 
has shown that AA ge no type cor re lated with non-pCR
and that pa tients with at least one 870G al lele had a better 
out come. 30

X-ray re pair cross-com ple ment ing pro tein 1 (XRCC1)
is in volved in the ef fi cient re pair of DNA sin gle-strand
breaks formed by ex po sure to ion iz ing ra di a tion and
alkylating agents. The vari ants of XRCC1 were in di cated 
to be in volved in ge netic sus cep ti bil ity, as well as pre dis -
pose pa tients to ther apy re sponse in hu man can cers, in -
clud ing CRC29,35. For Arg399Gln (rs25487) poly mor -
phism in XRCC1 a pCR was found more fre quently and
lon ger sur vival was ob served in car ri ers of G al lele 22.
This vari ant is also as so ci ated with a greater prob a bil ity
of the ma jor histopathologic re sponse 24.

V-Ki-ras2 Kirsten rat sar coma vi ral onco gene (KRAS)
is one of the most com monly stud ied mol e cules in CRC.
The pro tein prod uct of the nor mal KRAS gene per forms
an es sen tial func tion in nor mal cell sig nal ing, while mu -
ta tions cause its con sti tu tive ac tiv ity that rep re sents an
es sen tial mo lec u lar event in the de vel op ment of var i ous
can cers36. Also, most bi o log i cal ther a pies for CRC are di -
rected against EGFR, and since KRAS rep re sents its
down stream effector, the role of this mol e cule is of im -
por tance for ther a peu ti cal de ci sions as well. Mu ta tions in
the KRAS gene de tected in tu mor sam ples of CRC pa -
tients are the in di ca tors of poor re sponse to anti-EGFR

agents. How ever, the role of KRAS mu ta tions as
biomarkers for re sponse to nCRT is far less stud ied. Tu -
mors pos i tive for KRAS codon 13 mu ta tions seem to be
re sis tant to nCRT and these pa tients are less likely to
achieve a pCR37. How ever, KRAS sta tus in tu mor tis sue
may change af ter nCRT 38. The ex pres sion of EGFR was
also shown to al ter in re sponse to nCRT, which should be 
taken into con sid er ation for ther a peu tic de ci sions 39.

In ad di tion to CCND1, XRCC1 and KRAS, sev eral
other mol e cules in volved in cell cy cle and DNA re pair
may in flu ence the re sponse to nCRT in CRC. Upre-
gulation of mol e cules that stim u late pro lif er a tion, mi gra -
tion and in va sion, as well as downregulation of mol e -
cules that in duce apoptosis and autophagy are gen er ally
as so ci ated with ma lig nant pro cess40. These mol e cules are
ex ten sively stud ied in re sponse to ther apy in met a static
dis ease, but se verely un der stud ied in pa tients with pri -
mary tu mors treated with nCRT. A better un der stand ing
of these mol e cules, their roles and in ter ac tions of the
highly com plex cel lu lar ma chin er ies that con trol cell cy -
cle and DNA re pair will lead to im por tant im prove ments
in ther apy of can cers, in clud ing CRC.

OX I DA TIVE STRESS AND IN FLAM MA TION

There is a grow ing ev i dence sup port ing the con cept
that re ac tive ox y gen spe cies and in flam ma tory me di a tors, 
which are known to be im pli cated in a range of dis eases,
may be im por tant pro gen i tors in can cers, in clud ing CRC. 
Con sid er ing that var i ous en vi ron men tal and life style fac -
tors sig nif i cantly in flu ence gas tro in tes ti nal ho meo sta sis,
ox i da tive stress and in flam ma tion may be of spe cial im -
por tance for the de vel op ment and char ac ter is tics of CRC
41,42.

Superoxide dismutase 2 (SOD2) is a mi to chon drial en -
zyme, mem ber of the iron/man ga nese superoxide
dismutase fam ily43. Its role is to trans form the toxic
superoxide, a by prod uct of the mi to chon drial elec tron
trans port chain, into hy dro gen per ox ide and di atomic ox -
y gen. By per form ing this func tion, SOD2 clears mi to -
chon drial re ac tive ox y gen spe cies and con fers pro tec tion
against ox i da tive stress, ion iz ing ra di a tion, and in flam -
ma tory cytokines. The vari ant 16Val of the A16V poly -
mor phism (rs4880) was as so ci ated with re duced en zyme
ac tiv ity and in pa tients with the 16ValVal ge no type a
better re sponse of the tu mor to chemoradiation was ob -
served 44.

Interleukin 13 (IL-13) is a me di a tor of al ler gic in flam -
ma tion and dis ease, with an im por tant role in tu mor im -
mune sur veil lance45. The poly mor phism 1112C/T
(rs1800925) in the IL-13 gene was in ves ti gated as
biomarker of re sponse to nCRT. One study has found in -
creased prob a bil ity to ob tain a fa vour able re sponse in
1112CC ge no type car ri ers44. How ever, these re sults were
not con firmed by an other study46.

Many en dog e nous and ex og e nous fac tors de ter mine
con trol of ox i da tive sta tus and in flam ma tion, and can
also in flu ence re sponse to treat ment. In flam ma tion and
pro tec tion from ox i da tive stress con fer a va ri ety of cel lu -
lar and mo lec u lar mech a nisms and their in ter ac tions.
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Both pro cesses rely on del i cate bal ance of many dif fer ent 
mol e cules, there fore mul ti ple fac tors can in flu ence an in -
di vid ual's re sponse to chemoradiotherapy. Fu ture stud ies
should in ves ti gate mul ti ple mol e cules in volved in con trol 
of ox i da tive sta tus and in flam ma tion in larger co horts in
or der to es ti mate the clin i cal rel e vance of their al ter ations 
for the re sponse to nCRT in CRC.

FU TURE PROS PECTS

The grow ing need for biomarkers able to pre dict re -
sponse to nCRT in CRC has been  ad di tion ally in creased
by in tro duc tion of watch and wait ap proach in the
managament of pri mary CRC. The watch and wait pol icy 
avoids the mor bid ity as so ci ated with rad i cal sur gery, but
it could be con sid ered a ther a peu tic op tion only in pa -
tients with pCR. Biomarkers that would en able as sess -
ment of pa tient's sta tus in ad di tion to histopathological
ex am i na tion af ter nCRT would be highly ben e fi cial to
iden tify these pa tients. The in ter val for watch and wait
ap proach from the com ple tion of nCRT to sur gi cal re sec -
tion is still un der dis cus sion and dif fer ent hos pi tals rely
on dif fer ent pro to cols. These vari a tions com pli cate op ti -
mi za tion of the watch and wait pro to col and mo lec u lar
biomarkers for fol low up of re sponse to nCRT would sig -
nif i cantly fa cil i tate treat ment per son al iza tion and dis ease
man age ment.

As sess ment of re sponse in CRC pa tients with pri mary
tu mors treated with nCRT in clin i cal prac tice cur rently
re lies mostly on im ag ing, histopathology and CEA anal y -
sis. The mark ers cur rently in use are in suf fi ciently sen si -
tive and of ten pro duce un sat is fac tory re sults. Eval u a tion
of com plete re sponse in clin i cal terms ac cord ing to cur -
rently adopted cri te ria based mostly on im ag ing mark ers
and CEA has low sen si tiv ity and pCR of ten does not cor -
re late with clin i cal com plete re sponse. How ever, none of
the mo lec u lar biomarkers stud ied for this pur pose have
been val i dated for use in clin i cal prac tice. All the stud ies
that have in ves ti gated mo lec u lar biomarkers had rel a -
tively small sam ple size and can be de fined as ex plor -
atory, there fore no firm con clu sions are avail able. More
com pre hen sive stud ies are nec es sary in or der to iden tify
mo lec u lar biomarkers that could be used in strat i fi ca tion
of pa tients prior to nCRT. Fu ture stud ies will have to in -
clude anal y sis of mul ti ple de ter mi nants of re sponse to
chemoradiotherapy. There is a grow ing con sen sus that
chemoradiosensitivity is a highly com plex trait, de pend -
ent on the in ter ac tion of many mol e cules in volved in
mul ti ple cell pro cesses. For this rea son, fu ture stud ies
will have to rely on ad vanced tech nol o gies that can of fer
high through put mo lec u lar anal y ses, such as next gen er a -
tion se quenc ing and gene ex pres sion microarrays.

Strat e gies for mo lec u lar biomarkers iden ti fi ca tion and
val i da tion for fu ture use need to con sider sev eral dif fer -
ent as pects in terms of meth od olog i cal ap proach. The ul -
ti mate goal is iden ti fi ca tion of the sin gle marker that
would be able to pre dict re sponse be fore ther a peu ti cal
tretment. How ever, more re al is tic ex pec ta tion is to dis -
cover two or more biomarkers that com bined would be
able to pro vide in for ma tion on which pa tients would

most likely re spond to nCRT. The com bi na tion of two or
more mark ers also of fers in creased pre dic tive power, and 
de creases the pos si bil ity of ob tain ing false neg a tive or
false pos i tive re sults. In anal y sis of mo lec u lar
biomarkers, the sam ple that will be used for anal y sis
should be care fully con sid ered. Tu mor sam ples and
healthy tis sues pres ent many dif fer ences in terms of mo -
lec u lar char ac ter is tics and ge netic de ter mi nants. The
blood sam ples are in creas ingly used as a source of ma te -
rial for can cer biomarkers, since they con tain dif fer ent
types of mol e cules that orig i nate from the tu mor tis sue.
They are termed liq uid bi op sies due to the fact that they
re flect mo lec u lar pro file of the tu mor at the pri mary site.
The role of these noninvasive mark ers is po ten tially of
great im por tance, and their use in com bi na tion with
PET-CT, MRI and CEA may pro vide ba sis for more ef -
fec tive as sess ment of re sponse to treat ment. Along with
pre dict ing the re sponse to treat ment, noninvasive
biomarkers also pro vide the op por tu nity to eas ily mon i tor 
pa tients dur ing nCRT.

Iden ti fi ca tion and val i da tion of pre dic tive biomarkers is 
nec es sary in sup port of treat ment schemes that have at -
tempted to broaden the ho ri zons of stan dard ther apy by
use of nCRT and watch and wait ap proach in or der to
achieve better pa tient se lec tion and the avoid ance of
overtreatment and un nec es sary ad verse ef fects.

SUM MARY

PREDIKTIVNI BIOMARKERI ZA ODGOVOR NA
NEOADJUVANTNU HEMORADIOTERAPIJU U
KOLOREKTALNOM KANCERU

Za procenu uspešnosti odgovora na neoadjuvantnu
hemoradioterapiju u kolorektalnom kanceru mogu se
koristiti razlièiti biomarkeri i razlièite tehnike za njihovu
analizu. Klinièke pro ce dure trenutno se uglavnom
oslanjaju na "imidžing" markere, karcinoembrionalni an -
ti gen i histopatologiju tumora. Molekuli koji imaju
prediktivni potencijal kod pacijenata sa kolorektalnim
kancerom koji se podvrgavaju neoadjuvantnoj hemo-
radioterapiji uèestvuju u æelijskim putevima koji meta-
bolišu odredjene hemoterapeutike i tako štite æeliju od
zraèenja. Medjutim, do sada nijedan od ovih mole-
kularnih biomarkera nije validiran za upotrebu u kli-
nièkoj praksi. Molekuli koji predstavljaju kandidate za
biomarkere se na osnovu njihove fiziološke uloge mogu
podeliti u sledeæe grupe: molekuli koji uèestvuju u obradi 
5-fluorouracila, molekuli koji uèestvuju u regulaciji
æelijskog ciklusa i popravke ošteæenja na DNK i molekuli 
koji uèestvuju u regulaciji inflamacije i zaštite od oksi-
dativnog stresa. Razlike u hemoradioterapijskim proto-
kolima, varijacije intervala izmedju hemoradioterapije i
operacije, kao i nestandardizovana procena odgovora
znaèajno otežavaju poredjenje medju razlièitim studijama 
i donošenje pouzdanih zakljuèaka.

 Kljuène reèi: biomarker, kolorektalni kancer,
neoadjuvantna hemoradioterapija
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