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ABSTRACT

Aim: Approximately 20% of patients treated with neoadjuvant chemo-radiotherapy
for locally advanced rectal canaarhieve a pathological complete respofseR)
while the remainder derivilne benefit of improved local control and dostaging

and a small proportion show a minimal response. The ability to predict whiehtpa
will benefit would allowfor improved patient stratificatiodirectingtherapy to those
who are likely to achieve a good response thereby avoidgfigctive treatment in
those unlikely to benefit.

M ethodi=Assystematic review of the English language literature was conducted to
identifypathological factors, imaging modalities, and molecular fattatpredict
pCR follewing chemoradiotherapy. PubMed, MEDLINE and Cochrane Database
searches were conductedwihe following key words and MeSH search terms:
‘rectal neoplasm’, ‘response’, ‘neoadjuvant’, ‘preoperative chemoradiatiomior
response’. After review of title and abstra@Sarticles addressing the prediction of

pCR wereselected
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Results: Clearmethods to predict pCR before chemoradiotherapy have not been
defined. Clinical and radiological features of the primary cancer have limited ability
to predict response. Molecularofiling holdsthe greatest potential to predmsER

but adoption of this technologyill require greateconcordance between cohorts for
the biomarkersurrentlyunder investigation.

Conclusion: At present no robust markers of predictionpp@R have been identified
and thétopieemainsan area for future resed. This reviewcritically evaluates

existing literature providing an overview of the methods currently available tipred
pCRto neoadjuvant chemoradiotherdpy locally advanced rectal cancer. The

review'also providesomprehensive comparison of thecuracy of each modality.

INTRODUETION

The management of rectal canbess evolved over the last 20 years to become
multidisciplinary and, for locally advanced tunmgumay include pre-operative
neoadjuvant.chemoradiotherapyCRRT), total mesorectagxcision TME) and

adjuvant chemotheragg-6]. Currently patients argelectedor nCRTbased on
preoperative’staging to identify thoseh a threatenedircumferential resection
margin(CRM) and node positive disease whave higher rates of recurrertbatcan

be reduced with the combination of n\CRT, TME and adjuvant chemothé&rapy [ , 7, 8].
A pathological complete response (pCR) occurs in approximately 20% of patients,
andthisappears teonfer a survival benefj®-11]. Potentially this patient group

might be spared the mbidity andrisks of surgeryand there arkmited case series
reporting this approach [12-14[he abilityreliably to predict which patients will
benefitfrom nCRT would allow improved selectiofpatiens with locally advanced
diseas@ndthose who are likely to achieve a complete respdfmesuch a
approachrtorbe widely adopted, accurate, reliable and reproducible methods to predic

response=prior to commencement of therapy are needed.

Thelgediction of response to neoadjuvant chemoradiotherapy has been a topic of
discussion and research for many years. Excellent reviews of this topic were
published in 200615] and 2011 [16but there has been increased focus on the
subject recently, including a European Consensus meeting in 2014 [17], hence the

indication to reassess the current literature on this important topic.
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Preoperative prediction @CRmay be possible through a number of tumalated
factors thainclude clinical, pathological, radiological anleculamarkers[18-20.
The present studgimsto review the potentiabf these factorso predictpCRin

patients with rectal cancer undergoing chemoradiotherapy.
METHOD

A systematiaeview of the English language literatwvasconducted to identify
patholegical factoramaging modalities, ancholecularfactorsthat predicpCR
following neoadjuvant chemoradiotherapjubMed and MEDLINE searches were
conducted with the following key words and MeSH search temastal neoplasim
‘response’; ‘neoadjuvant’, ‘preoperative chemoradiatiinmor response’Relevant
papers were also identified though maraesdrching of references in the identified

papers.

Of the 694articlesinitially identified, 416 were excluded after review tifle and
abstractArticles with insufficient information on methodology, radiological
parameters, molecular techniques or statistical analySistematic reviews and
metaanalyses were excludéshving85 paperswith sufficient detail to be included in

the finalreview of the prediction of pCIRi{ 1).
Clintcopathological prediction of pCR

There ardew studies in the literature investigating the relationship between
pretreatmentlinical features and pCR. Thrgeoups have found that pCR was
associated.withgood tumoudifferentiation, small tumar diameter, early T and N
stage an'imaging and low levels of pretreatment CEA[21-23]. In addition, non-
circumferentialand nonulcerated tumors have been shown to predict pCR while
poor resporss to treatmenits associated with T4 turacs and poor histological
differentiation[22, 23]. Thesestudies however, show poor sensitivity and

specificityand have been contradicted in other series[13%}4

Severalstudies have investigated the ability of CEA to predispoase to nCRT.
While most have fountbw pretreatmen€CEA to beassociated with pCR6-34], not
all have found this to be statistically sigo#nt[26, 31, 35]. In contrast, Kalaayt al
reportedthata pretreatmenCEA of less tharbmg/mL did not correlate with pCR
[24]. These studies are summarised @&blel.
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Radiological Prediction of pCR
Magnetic Resonance ImagingRI)

MRI is routinely used for preoperative stagingectal cancer anghay provide
featuresspredictive of response such atdgeand Nstage status and extra mural
venous invasion [21, 36].aflume measurement on standard pretreatment MRI has
however, not'been shown accuratelptedict response to nCRT [37-39]. The only
study identified using standard MRI to predict pCR demonstthtgdsignal intensity
(SI) was.higher in those withumor RegressiorGrading(TRG) 1 compared with
TRG 2'and 3 but no difference was found between SIin TRG 1and TRG 4 [ .
Contrast enhanceand diffusion weighted imagin@WI) showsomepotential to
predict responseas they are markers pérfusion anaellulardensity thateflect
tumaur biology and function in addition to morpholodgerfusion index (P1)
calculated basedn mntrast enhanced MRinay provide an indication of tumocell
activity'and has the potential to predict response to nCRT [41]. ARliphas been
shown by.two groupto predict poor response to nCRT bubw Plhas not been
reported, to _predict pCR [41-43].

Diffusionweighted imagingrovidesan impression of cellular density and
architecture through the measuremerthefdisplacement of water molecujeghich
aremore restricted in tissuasich as cancavith greater celllar density and can be
guantified by the apparent diffusion coeffidi¢ ADC) [44-47]. Diffusion weighted
imagingshas,been investigated by a number of groups, butaritlicting results.
Lambreehs et alprovided promising data dhe predictionof pCR in 2 patientsand
found thathose with a low pretreatmeADC had a significantly greater rate of pCR
afteFACRT(P=0.003). A pre-treatmenmeanof ADC of < 1.06 x18 mm?/sec was
100% sensitive and 86 specific in predictinggCR[3§].

Barbaroet al)howeverfound thatalow pretreatmenADC <1 x1G mm?/sec was
associated with poor response (p=0.0011). While the megegtreatment ADC was
higher.inpatientswith a pCR comparedith a partialor poorresponsethis was not
statisticaly significart [48. Thisconclusion was supported by data from Ednal
who found that higherpretreatmenfADC was associated withrasponse to
treatmenip=0.035), and was able to predict pCR with a sensitivity of 75% and
specificity 0f48% [49]. Curvo-Semedd al reported that neitheastimates of
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pretreatmenvolume nor ADC were predictive of pCR (p= 0.16 and p=0.61) [39].

These results are summarised in Table

8F_Fluorodeoxyglucose Positron Emission Tomography—computed tomography
(FDG-RETICT)

Severaktudies were identifiedthich addressethe ability of FDG PET/CT to assess
responseto theraf®0, 51],although this techniquis rarely usedbefore starting
treatment The few studies that have investigatedpretreatment standardized uptake
value(SUV).to predict pCR, have not showtatistical significancf5, 52-56],
althoughMartoni et aluniquely report an association between TRG and pretreatment
SUVmax. /inithis study, a median SW¥<27 was found to predict pCR with a
sensitivity of 100% but with a low specificity of only 10.6% [57].

M olecular.prediction of pCR

Despite extensive research, the molecular and genetic mechémisassitivityto
chemotherapy and radiotheragneyet to be clearly defined. Tharied response to
NCRT seeramongtumaurs suggests a complex relationship between turbmlogy
and response and it is likely that a number of gewe molecular pathways regulate
chemoradiesentvity [58].

Gene expression profiling

Gene expression microarrayy assessing large numbers of genes simultaneously,
have thepotential to identify prognostic markeoy comparing gene expression in
patients with differing outcomes [20For example microarray techniqudsavebeen
used to genera@edictive modelsn breast cancemcluding Oncotype DX

(Genomic Health, USAand MammaPrint(Agendia Inc. USA) that are used in the
clinicalssettingto individualize patientreatmen{18, 20].

To datesewenstudies have been reported in the literatdeatifying different
signaturesfor response in rectal @59-65]. While there is little overlap or
concordance in the genes identified, common pathways involved in DNA repair,
apoptosis and growth signaling pathways provide links between the studies [60, 62,
66]. A summary of these papers is provided in T&lEwo specifically addressg
gene expression and predictionp@R are elaborated in this revi¢y®, 62].

A Korean group performed microarray analysis on pretreatment biopsies from 31
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patients with locally advanced rectal cantcerdentify 95 genes predictive of pCR
[62]. Pathological complete response was predicted with an accuracy of 84%.
Pretreatment biopsies from a separate cadfatb patients were then analyzed to
validate the findings. In the second cohort, the 95 genes were able to distinguish
between'pCR and partial respomath an87% accuracy The genes identified
included those involved in activation of MAPK activiggGFR signaling pathway,
defense response and nucleotide excision rematithis showed little overlap with

the signaturepreviously reported [62].

Brettingham-Mooreet alperformed microarray analyss 51 patierg with locally
advanced rectal cancg9]. The authors investigated response according to a number
of criteria includingTRG, PETmetabolicresponse, TMN down staging and pCR, but
were unable to identify any molecular predictors of respdrtseauthorsfurther
attempted twalidatethegene expressions described Ketral[62], Ghadimiet al

[60] and Rimkuset al [66] on theimpatientcohort butwere unabléo identify

sufficient correlation between response and molecular signdtuegthussurmised
thatdifferential gene expression across studieyreflect alterations adimilar
molecular pathwag. Indeed when furtheanalysis was performedenes fronthe
TNFsignaling pathway and tifieestradiol signaling network were found to be
commony-expressedbetween the four signatupeofiles[59].

RNA expression profiling has beesed to assessicroRNAs (miRNA) thatare

small non-coding RNA molecules that can be up- or doguated and influence
activity of signaling pathways that may be associated with prognosis and response to
NCRT.Differential expression of 53 miRNAsasdemonstrated between pCR and
nonpCRby. Della Vittoria Scarpatt al The greatest differential expression was
found in.14 miRNAs. niRNA-622 and miRNA-630 demonstratad impressive
100%:.specificity and sensitivity to predict pCR [67]. The authors concluded that
miRNA"nfluénces genes and sigimg pathways involved in cell repair following
chemoradiotherapy. Inthe case of miRNA 630, it has previously been shown to
impair.a‘cells ability to repair DNA damage caused@gplatinbased chemotherapy
in nonsmalkcell lung cancer. This may explain the benefit seen in this patient cohort
receiving Oxaliplatin based nCRWwhichmay not howeverpe transferable to the
more standard 5-FU based neoadjuvant treatmentlrj@ifiect contrat to these

findings,a study in rectal caer cells lines by Ma&t alidentified miR622 as a
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marker of radioresistan@nd not ojpCR[68].

Kheirelseidet alextracted miRNA from twelve formalin fixgaaraffin embedded

rectal cancer specimens and found that miIRMAMIRNA590-5p and miRNA-153
predicted pCR with 100% accuracy [6%his is an interesting technique wiheat
potential-due to the wide availability of FFPE tissue stored in archives but is yet to be
tested on a larger cohort.[69]

LopesRamoset alinvestigated miRNA expression in 43 patients following LCCRT.
Patients were divided into three groups, clinical complete response clinical
incomplete response and those with an initial cCR who developed early recurrence.
They identified foumiRNA with differential expression thatedictedcCRmiR-21-

5p, miR1246, mR1290-3p and miR-205-5pThe sensitivity and specificitgf miR-
21-5p to prédict complete response was calculated to be 100% anth§&Sriantly

those with cCR who developed an early recurrence had levels of expression of miR-
21-5p that was similar to those wistmincomplete response and statistically
significantly lower to those with sustained cC®]. While these results are
promising.individually, the lack of concordance between studies highlights the

inconsistencies in the molecular prediction of complete response. (Table 4)

KRAS mutation analysis

KRAS expression and mutation analysis has been extensively reported in the
literature. Activating mutations of this oncogene have been identified in a number of
colorectal cagers with resultant constitutive activation of the MAPK pathway
implicated in_carcinogenesis [20], but the influence of KRAS mutations onpCR
inconsistent between studiasd likely to be influenced by the use of EGF targeted
therapied71-78]. A summary of KRAS mutation status, chemotherapy regimen and

pPCR is/provided in Table 5.

It has beersuggested thainereason for some discrepancy in results may be the
influence of KRAS mutationat specific codons[71, 73]. For example, Duldutdal
found that anynutation in KRAS wasssociated witla lower rate opCR compared
with KRASwt but,more specificallynone of the tumas with KRAS mutation in
codon 13 developed@ECR. HoweverwhenGaedckeet alalso investigatedpecific
KRAS mutationsatcodons 12, 13, 61 and 146, tifayled to find a correlation with
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any of the mutations armbmpleteresponse [79]Similarly, Bengalaet alfound no

association between mutations in codon 12 or 13 and response [78].

Protein Expression

Instead ©f RNA or mutation profiling, Folkvoet alused a multiplex kinase substrate
platform to assess tumapkinase activity. Elevated activity of 86 kinases predicted
responseo NCRTwith 95% accuracyn a subset of selected patients with good and
poor responsedhis was validatedn a test set of 47 patients and found to predict
response in,85% of samplésnumber of these kinases are components of signaling
pathways mediated by VEGF, EGFR and phosphoinositide 3- KR&EI€)/AKT
pathways [80].

The focus ofthe literatummore generally on protein expression, determined by
antibody=basednmunohistochemicahnalysisor reverse transcriptase polymerase
chain reaction (RIPCR) hasinvolved the detection afandidateoroteirs involved in
DNA damage repair, proliferiain, angiogenesis and apoptosis. Despite there being
severaktudies no single proteimas beemronsistently identified to be predictio¢
response.to NCRT in rectal candafhile all studies addressed responsieng

course chemoradiotheraghe nCRT regimenaerenot consistenbetweerstudies,
nor werethe.methodsised taneasure expssion making direct comparison between
the studies difficult.

With specific reference to p5&e presence of p53 mutations correlated inversely

with pCR in a number of studies but not all authors have found this association to be
statistically.significan[81-89]. In contrast other authdnave failedto identify any
assaciation at all between pCR and the presenpB3Mmutations [58, 90-92These

results aressummarised in Table

EGFR and VEGF expression has been investigateg\mral workersising different
detection methods, all of which have reported differing results [71, 78, 9ZFB&ke
results,are summarised in TableGrimmingeret alinvestigated EGFR and VEGF
expression in the context KRAS wild typetumaurs.Here, pCRwas predicted with
a sensitivity of 100% and specificity of 95% in KRASwt tumours with high VEGF
expressionbutthis association was lost when the expression was analyzed

independently of KRAS mutation status [71].
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Protein expression @ahymidylate synthasel'§), p21, Bax, Bcl-2matrix
metalloproteinas® and 2 (MMP9, MMP-2), Ki-67, mismatch repair proteirend
thymidine phosphorylase (TP) have been the focus of a number of studies, but the
results aregain varied with limited concordance between study populations [58, 85,
86, 90, 92,96-99(Table7).

Overexpression of ATP binding cassette subfamily C member 4 (ABCC4), a member
of the multidrugtransporter and resistance family and its effect on pCR was
investigatedsby Yt al High levels of ABCC4 were associated with ratbsistance

and, by silencing the gene in an experimental model, the authors demonstrated a
significant increase in radiah-induced apoptosis, inhibition of proliferation, and
decreased growth [100] (Table. 7).

Hur et alcompareda panel of bimarkers identified usindtHC andprediction of
responseto'NCRT iB1 patients withocally advanced rectal cancdhepanel

consistedf 12 biomarkers including p58t, p21, Bct2, Bax, EGFR, COX2, MLH-1,
MSH-2, Ku-70, VEGF, TS and Ki-67. They found that low levels &f3mt and high
expression o¥ EGF, p21 and Ki67 were correlated withCR (p=0.01-0.03).

Patients expressirtgreeor fourof these markensere more likely tachievea pCR
(p=0.001){101](Table7)

Oneggroup.has reported on the presence of phosphorgbtedellular signal related
kinase (pERK), PIBK/AKT and pCR. This is potentially instructive as BRAF
activation leads to phosphorylation and activation of ERK and ERK is involved in cell
proliferationiand evasion of apoptosis. PI3K and its downstregettaKT are
activatedsby receptor tyrosine kinases and play a role in the regulation ofigrowt
survival, metastasis and proliferation. Activation of ERK and AKT were fatgnitly

associated with response but only AKT was predictive of pCR (p=0.02) [76].

Chromosomal aberrations

Gains andiesses of chromosorsagments lead tthanges in oncogenes and tumou
suppressor genes thaeamportant for the development and progression of colorectal
cancer When Cheret alinvestigatecchromosomal copy number alteratig@iNA),

they found statistically fewer high copy gains (p=0.01) spetificloss of

chromosomal region 12p13.31(p=0.0003) in those with pCR [108ht Benesvere
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identifiedin this regionassociated with tumour response. Further Ingenuity Pathway
Analysis (IPA)identified pathways involved in pCR including GABA receptor
signaling pathway, the glycolysis/gluconeogenesis pathway and the glutamate
receptor signaling pathwayl he authors also developed a predictive rhotld2
genes‘that'predicted pOwith a sensivity and spedficity of 76% and 97%
respectively{102].

Singlemnucleotide polymorpims

Single nucleotide polymorphisnSNPs)in the hymidylate synthas€l'S), EGFR
Spl216'andits ligand encoding gene EGF (A61G) have been investigated by
Spindleret al UsingRT-PCR with allele specific primeron blood samples, they
found asmall'subgroup of patients wifs 2/2 genotype and heterozygous for the
EGF A61G gene demonstrated a pCR rate of 100%. The combinationtiofes|
polymorphisms predicted pCR with accuracy of 64% [103].

Hu-Lieskavnaet alevaluated the relationship between KRAS status and germline
SNRsin genes involved in thEGFR pathway (EGF, EGFR, COX 2, KRAS, Cyclin
D1), angiegenesis (VEGF and B); antibodydependent celtnediated toxicity
(FCGR2A/3), DNA repair (XRCC3, Rad 51) adtug metabolism (MTHR, TS). In
keeping with the results aboy®lymorphisms othe EGF (A61G) gene wrefound

in 45% of patients with pCR (p=0.001), but, statistically significant association
between'pCR or the other polymorphisms studied was found H&]et alalso
assessed, ISNPs and tumour response in 44 patients finding it tads®ciated with
tumaur/downstaging andodal staging but not significantly associated with pCR
[104].

Spontaheous apoptosis

Rates of spentaneous apoptosis have been investigated as a marker of seasitivity
radiation_Most studieson this topic investigate response rather than pCR, but four
articlesinvestigate the presence of spontaneous apoptosis in pretreatment bigpsies an
subsequent complete response to NCRT [105-1D@jee stdiesdemonstrated that
increased apoptosis was statistically significantly associated withip@RcDowell

et aldid not find an associatidretweerrates of apoptosis and nodal regression. In
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contrast, Tannapfet aldid not identify any associatioretween spontaneous

apoptosis and pCR or response[108]
Discussion

Prediction"of complete response to neoadjuvant chemoradiotherapy is a topical area of
investigation. Despite the mastudiesreportingsome promisig results nelinical,
radiological or nelecularfeatureshave demonstrateghability to predict response

with adequate sensitivity opscificity toguide managemer®reoperative
clinicopathelogical features have limited abilitydeedict response to nCRT. While

it seems,logical that increased size anddvanced stagef the tumoushould
predictirespanse, this has not been borne out by all stWdiéle MRI and PET/CT

are regularly sed for pretreatment stagirtgeir ability to predicta complete response

has not been demonstrated.

Molecular markerdhave been investigated extensively and holgttential to

predict response, bdisparate resulteported by the studigsviewed suggests that

this approach has poor reproducibility dadksindependentalidation Most of the
literature investigating individual biomarkers Hasused on the detection of
candidatesproteins involved in DNA damage repair, proliferation, angiogenesis and
apoptosis.including p53, KRAS, EGFR, VEGF, Bax, and Bcl-2. Despite a number of
studies, no single protein has been consistently identified to be predictesponse

to nCRT.in rectal cancerAn increased rate of spontaneous apoptosis in pretreatment

biopsies*has,been shown in a limited number of studies fwedictive opCR

The varied response to NCRT seen betweenutsrsuggests a complex relatsbip
between tumor biology and response and it is likely tsaveralgenes or molecular
pathways.regulate chemoradiosensitivity. Thus gene expression profiles that
sequencerlarge number of genes have bsed in the hope of identifying a molecular
sigraturesforthe prediction of response. Despite the theoretical advantage, the two
published studies investigating pCR have not identified similar gene profiles and thi
method would appear to lack sufficient external validiiyhough the data would
suggest that while the molecular patterns identified are different, thengeahaps
similar pathways involved that predict response to ndbEEpite thisthe dataare

not robust enough to modifyurrent treatmemaradigmsand further research is

required.
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Overall the key action that may resolve the inconsistencies would be to ct®rdina
multicente studies to creatsuch larger cohorts and ensure robust methodical
platforms that test imaging modalities, IHC, gene expression profiles, combithed w

agreed stndards of pathological review.
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Wang[g 2014 240 <5 not significant
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Yeo[il’l ) 2013 609 <5 na
Yang[32] 2013 138 <6 0.152
Wallinf35} 2013 267 <3.4 0.008
Restivo[34]‘ 2013 260 <5 0.001
Hurm 2011 37 <3 0.54
Moureau- 2011 168 <5 0.019
Zabbotto[27]

Kang[28] 2010 84 <3 0.01
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Kalady [109] 2009 242 <25 0.19

Moreno Garcia[26] 2009 148 <2.5 0.05

CEA, mbryonic antigen

Author Manuscrip
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Table2: Prediction opathological complete response (pCR) with magnetic

resmance imagingMRI)

First Author Year n MRI MRI Predictive of: Sens Spec p

parameter
“Kluza[40] ~ © 2012 39 Standard Sl pCR NS
P N

Devrieq41] 2001 17  Contrast P1<12.6 Response 0.001

Devrieg42] ="=2008= 34 Contrast Pl nean7.5 Response 0.001

Barbaro[48] 2012 62 DWI ADC low Poor response 0.001

pCR 0.052

ADC <1 Poor response 84% 78%
ADC yedian pCR 0.052

Elmi[49] w3 49  DWI ADC high  Response 0.035
ADC <0.88 Response 75% 48%

Curvo- 2011 50 Standard Volume pCR 0.46

semedo[39] DWI Volume pCR 0.16
Mean ADC pCR 0.61

Lambrect[llMZ 22 DwI ADC1 pCR 0.003
ADC<1.06 100% 86%

SI, Signal'lntensity P, perfusion indexNS, not statistically significantSens,

Sensitvity;"Spec, Specificity
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Table3iMicroarray analysis of gene signature gathological complete response
(PCR.

First Author Y ear n Gene Accuracy Sens’ Spec® Outcome
signature measure
Ghahir% 2005 30 54 genes 78% 83% Response
Rimkus|66] 2008 43 42 genes 71% 86% Response
Kim[62] 2007 31 95 genes 84% pCR
15 95genes 87% pCR
Brettingham="" 2011 51 No genes nd na na pCR

M oore{ﬁ identified

Watanabe[63]« 2006 35 33 genes 88.6% 71.4% 92.9% Response

Nishiokr 2011 20 17 genes na na na Response

Watanabe[64].., 2014 46 4 genes 89.1% 87.5% 90.9% Response
16 4 genes 81.3% 100% 62.5% Response

*na, Not-available*Sens, Sensitity; “Spec, Specificity
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Table4: Miero RNA expression and prediction péthological complete response
(pPCR.

First Author Y ear n mMiRNA
Signature

Della Vittoria 2012 38 13 miRNA

Scar pati[67]

Kheirelseid[69] 2013 12 3 miRNA
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MiRNA, MicroRNA.

Author Manuscript
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Table 5. KRAS mutation status and predictiompathological complete response

(PCR).

First author Year n Prevalenceof Prevalenceof Prevalenceof pvalue nCRT regimen

KRASmt in KRASmt in KRASmt in

study n (%) PCR n(%) Non-pCR

n(%)
Duldulao[73]( ' 313 148  60(40.5) 8(21.6) 52(46.8) 0.006 5-FU/ FOLFOX
Sun[111] 2012 63  19(30.1) 2(37.5) 17(30.9) 1.0 5-FU/cetuximab
Garcia- ?11 132 57(43.2) 8(24.2) 49(49.5) 0.0145  5-FU/ FOLFOX
Aguilar[72]
A

Grimminger 2011 101  42(41.6) NR NR NR 5-FU/ cetuximab
[71]
Chen[84] MM 96  36(37.5) 5(19.2) 3144.3) NR 5-FU/FOLFOX
Hu-Lieskovan 2011 101  42(46.1) 5(14.7) 37(55.2) 0.214 5-FU/cetuximab
Erben[ll@ll 57 18(35.6) 2(3.33) 16(31.4) NS Folfiri/cetuximab
Davies[76] 2011 67  24(35.8) 3(27.3) 21(37.5) 0.7
Gaedcke[79] 2010 94  45(47.9) 1 48 0.22 5-FU/FOLFOX
Bengala[78] 2010 146  28(19.2) 5(20.8) 23(19.8) 0.18
Luna Per ez[7s 2000 37  12(32.4) 2(100) 10(28.6) NR 5-FU

S, not.significant’NR, not reported5-FU, 5 Fluorouracil; FOLFOX, 5 Fluorouracil,

Oxaliplatirt_Folfiri, 5 Fluorouracil, Irinotecan.
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Table6: utation status and predictiorpathological complete response

=)
@)
I

Author M
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First Author Year n Prevalence Prevalenceof p

of mt p53 mt p53in Non- value

in pCR (%) pCR (%)
IHC® h
Chang[58] 2005 130 79 63 NS
Kudrimoti[90] 2007 17 80 75 NS
Brophy[9]] 2009 69 50 49 NR"
Kelley[88] 2005 50 47 71 NR
Charar a[86] 2005 47 31 50 NR
Diez[89] 2003 73 67 76 0.4
L una-Per ez[74] 1998 26 0 36 NR
Spitz[81] 1997 42 23 69 0.005
Suzuki[113] 2013 101 13.9 12.3 1.0
Bertolini[92] 2007 91 NR NR NS
Hur[101] 2014 81 55.6 315 0.03
RT-
Kandioler[83] 2002 64 0 45 NS
Chen([84] 2011 96 27 64 0.19
Rebischung 2002 86 20 55 0.01
Huh[85] 2014 123 45 40 0.695

NS,
not
signif
icant;
"NR,
not
repor
ted;*
p53
mutat
ion
detec
ted
by
immu
nohis

toche

mistry; 9p53 mutation detected by reverse traiptase polymerase chain reaction.
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Table7: Protein expression and predictiorpathological completeresponse (pCR)

First Author Year Prevalence Prevalence p
of protein of proteinin  value
in pCR (%) Non-

PCR(%)
EGFR® x
M otlagh[93] 2007 87.5 33.3 NR
Carlomagnej96]° 2010 88.9 38.2 0.007
Grimminger[71]¢ 2011 NR NR 0.122
Kim[94]° 2006 67 33 0.57
Bertolini[92]° 2007 NR NR NR
Bengala[ 78] 2010 71.4 80 NR
VEGF =
Carlomagno[96]ﬁ 2010 22.2 55.9 0.07
Grimminger[71]° 2011 NR NR 0.122
Hur[101]° 2014 77.8 53.7 0.03
TS
Carlomagno[96]° 2010 88.9 324 0.002
Grimminger[71}° 2011 NR? NR NS
Huh[85]° 2014 40 50.9 0.428
021 N — 4
W 2005 43 37 NS
Kudrimoti[90]°» 2007 60 67 NS
Hur[101]° 2014 66.7 38.9 0.01
Suzuki[118}° 2013 19.7 NR 0.03
Bcl-2
Kudrimoti[90}%, 2007 60 16 NS
Chang[58]" 2005 36 47 NS
Charara[86]" 2004 NR NR 0.12
Bax
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Chang[58]" 2005 54 29 0.017
Huh[85]° 2014 40 46.7 0.745
Ki67
Chang[58]" 2005 53 54 NS
Carlomagno[96]° 2010 77.8 41.2 0.05
Kudrimoti[90]°, 2007 100 100 NS
Hur[101]" 2014 70 42.6 0.001
Suzuki[113]> 2013 9.7 NR 0.37
MMP 2
Unsal Kilic[99]° 2006 NR NR NS
Huh[85]° 2014 60 49.1 0.428
MMP 9
Unsal Kilie[99]>© 2006 25 52 0.001
Huh[85]° 2014 53.3 50.0 0.809
MLH1
W 2007 24.3 9.3 0.055
ABCC
Y u[100]° 2013 57.6 71 0.001
TP s
Huh[85]° 2014 56.3 45.4 0.562
Chiorean[98]° 2012 NR NR 0.03

NS, not significant”protein detection by immunohistochemistiyrotein detection
by reverse transiptase polymerase chain reactiffuorescenceén situ

hybridizationlow expressionNR, not reported.

Figure 1: Flow diagram showinglection of articles for review.
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