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IMPORTANCE Preclinical studies suggest that a vascular endothelial growth factor (VEGF)

blockademay play a role in the preoperative treatment of rectal adenocarcinoma; however,

how to combine anti-VEGF drugs with neoadjuvant chemotherapy (CT) and/or

chemoradiotherapy (CRT) remains controversial.

OBJECTIVE To study the effect of aflibercept plus modified fluorouracil, leucovorin, and

oxaliplatin (mFOLFOX6) induction CT prior to standard CRT and total mesorectal excision

(TME) surgery in patients with high-risk rectal adenocarcinoma.

DESIGN, SETTING, AND PARTICIPANTS In the Grupo Español Multidisciplinar En Cancer

Digestivo (GEMCAD) 1402 phase 2 randomized clinical trial, 180 patients aged 18 to 75 years,

identified by centrally reviewedmagnetic resonance imaging to havemrT3c-d/T4/N2 rectal

adenocarcinoma, were enrolled from 20 treatment centers in Spain between January 2015

andMarch 2017. Patients were randomized in a 2:1 treatment to control arm ratio. The

primary end point was evaluated at 2 interim and 1 final analyses. The study was designed to

perform hypothesis testing at α = .2 and β = .2. A 2-sided P value of <.1984 in the final analysis

of the intention-to-treat population was the threshold for considering the experimental

treatment to bemore effective than the control.

INTERVENTIONS Patients received neoadjuvant mFOLFOX6with (arm A; n = 115) or without

(arm B; n = 65) aflibercept, 4 mg/kg (every 2 weeks, 6 cycles, and 3months) prior to

standard CRT and TME surgery.

MAIN OUTCOMES ANDMEASURES The primary end point was a pathologic complete response

(pCR) (ypT0N0). Secondary end points included toxic effects, surgical morbidity, R0

resections, compliance, and 3-year disease-free survival.

RESULTS For the 115 patients who received treatment with mFOLFOX6 plus aflibercept, the

median (range) age was 60 (32-75) years, 77 men (66.9%) and 38women (33.0%). For the

65 patients who received induction CT treatment with only mFOLFOX6, themedian (range)

age was 65 (39-75) years, 39men (60.0%) and 26women (40.0%). The pCR rate in the

intention-to-treat population was 22.6% (95% CI, 15.3%-31.3%) in arm A and 13.8% (95% CI,

6.5%-24.6%) in arm B (P = .15). Themain differential toxic effect was grade 3/4 hypertension

during the induction phase. Postoperative complications were similar in both arms (15.5% in

arm A and 12.9% in arm B). A total of 106 patients (92.1%) in arm A and 63 (96.9%) in arm B

received all treatment cycles.

CONCLUSIONS AND RELEVANCE The studymet its primary end point. The findings suggest that

adding aflibercept to an induction regimen usingmFOLFOX6 plays a role in increasing the

pCR rate in patients with high-risk rectal adenocarcinoma, without substantially increasing

surgical complications. The GEMCAD 1402 trial provides a rationale for phase 3 trials.
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P
reoperative induction chemotherapy (CT) followed by

chemoradiotherapy (CRT) and total mesorectal exci-

sion (TME) surgery, together referred to as total neo-

adjuvant therapy, is an accepted treatment option for clinical

stage high-risk rectal adenocarcinoma,1 and results in fewer

toxic effects and improved compliance than that obtained by

the traditional approach of CRT followed by TME and adju-

vant CT.2-4 Building on this concept, the integration of new

drugs that have demonstrated improved outcomes in ad-

vanceddiseases, eitherduring the inductionperiodand/or the

CRT, is a logical next step and an active area of research.5

Several preclinical studies have shown that vascular

endothelial growth factor (VEGF) blockade reduces intersti-

tial fluid pressure or edema,while transiently increasing per-

fusion, oxygenation, and drug delivery in human tumor

xenografts. These changes in the tumor microenvironment,

which were first proposed in 2001, are a result of vessel

normalization.6Subsequently,Willet et al.7demonstrated that

developing a VEGF blockadewith bevacizumab led to similar

changes inpatientswith rectal adenocarcinoma.Given that tu-

mor oxygenation enhances the radiation response, the com-

bination of anti-VEGF drugs with preoperative CRT has be-

comeanactive areaof investigation,where theoptimal timing

of VEGF administration in relation to radiotherapy and sur-

gery requires elucidation. Several phase 2 studies have re-

ported the use of bevacizumab in the preoperative treatment

of locally advanced rectal adenocarcinoma, anda recentmeta-

analysis estimated a pathologic complete response (pCR) rate

of 27.0% in neoadjuvant therapy regimens containing

bevacizumab.8 A single-arm phase 2 trial reported a pCR rate

of 36.0% for an induction CT regimen comprising ca-

pecitabine plus oxaliplatin (CAPOX), and bevacizumab, fol-

lowed by CRT combined with bevacizumab, for the treat-

ment of CT3-T4 rectal adenocarcinoma. This study used the

same radiologic criteria for patient selection as in our GCR-3

study,2 in which we obtained a pCR rate of 14.0% in the in-

duction arm by using a similar regimen but without

bevacizumab.2 However, consistent with other studies using

bevacizumab during CRT, an unacceptable rate of postopera-

tive morbidity was observed.9

Aflibercept (ziv-aflibercept in the United States), an anti-

angiogenic agent that acts as a soluble receptor, binds to hu-

manVEGF-A,VEGF-B, and theplacental growth factor. It com-

plexeswith theVEGFand interfereswith its biological actions,

thus preventing its interaction with receptors on endothelial

cells.10Afliberceptcombinedwith fluorouracil, leucovorin,and

irinotecan (FOLFIRI) achieved a statistically significant im-

provement in survival and response rates in the second-line

treatment of advanced colorectal adenocarcinoma.11

These preclinical and clinical findings led us to hypoth-

esize that the antiangiogenic properties of afliberceptmay im-

prove the pCR rate, and that by increasing the interval be-

tweenCTandTMEsurgery, thepostoperativemorbiditywould

not become inferior. We therefore designed a randomized

phase 2 trial of induction CT with mFOLFOX6 with or with-

out aflibercept, followed by conventional CRT and TME sur-

gery, for the treatmentofhigh-risk rectal adenocarcinoma.This

study presents the results for the primary end point (ie, pCR

rate) and theearly secondaryendpoints (ie, toxic effects, com-

pliance, surgical morbidity, R0 resection rate, circumferen-

tial margin-free, and tumor regression grades) of the trial.

Methods

This study (GEMCAD1402)wasan investigator-initiated,open-

label, randomizedphase2 trial performedat20 treatment cen-

ters in Spain. The trial protocol is available in Supplement 1.

The trial protocolwas approvedby the respective ethics com-

mittees of all participating institutions, andwritten informed

consent was obtained from all patients prior to participation

in the study. This study followed the Consolidated Standards

of Reporting Trials (CONSORT) reporting guideline.

Eligibility and Pretreatment Evaluation

Theeligibility criteria includedpatientsaged18 to75yearswith

histologically confirmed rectal adenocarcinoma,with an infe-

riormargindistalborderbelowtheperitonealreflection,andcon-

sidered high-risk based on high-resolution, thin-slice (3 mm)

magnetic resonance (mr) imaging. Themr criteria for high-risk

rectal adenocarcinoma includedanmrT3 low-lying tumorator

belowthelevators,mrT3tumors inthemiddle-thirdpositionex-

tending5mmormore into theperirectal fat, or thepresenceof

extramuralvenousinvasion(mrEMVI+)ormrT3tumorsorlymph

nodeextending towithin1mmoforbeyondthemesorectal fas-

cia (mrMRF+). Inboththedistal-andmiddle-thirdpositions,any

mrT4 (ie, tumor invading the surrounding structuresorperito-

neum) ormrN2 (ie, ≥4 nodeswithmixed signal intensity or ir-

regularlyborderednodes)tumorswereconsideredhigh-risk.Two

radiologists independently reviewedallpretreatmentmagnetic

resonanceimaging(MRI)scans. Inthecaseofdisagreementwith

the local radiologist, the finaldiagnosiswasmadebythecentral

reviewer (foradditional inclusionandexclusioncriteria, see the

eAppendix in Supplement 2).

RandomAssignment, Stratification, and Treatment

Theparticipantswere randomlyassigned ina2:1 ratio to armA

(inductionCTwithaflibercept plus mFOLFOX6,n= 115)or arm

B(inductionCTwithmFOLFOX6alone,n=65)usingapermuted

block design (block size, 3) and stratified by themrT category,

Key Points

Question What is the effect of an induction chemotherapy

treatment with aflibercept plus a modified schedule of

fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) followed by

standard chemoradiotherapy and total mesorectal excision

surgery in patients with magnetic resonance imaging–defined

high-risk, locally advanced rectal adenocarcinoma?

Findings In this phase 2 randomized clinical trial of 180 patients

with rectal adenocarcinoma, the proportion achieving a pathologic

complete response was 22.6%with aflibercept vs 13.8%without.

Meaning This study provides information on the design of larger

trials with agents targeting the vascular endothelial growth factor

for treating locally advanced rectal adenocarcinoma.
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mrEMVIstatus(positivevsnegative),andtreatmentcenter.Ran-

domizationwasperformedbyPIVOTAL inMadrid,Spain,using

a computer-generated random allocation sequence by the Re-

Randrandomization tool integrated in the remotedata capture

module of the eCRFOracle, version 5.1 (Oracle Corporation).

All patients received mFOLFOX6 consisting of oxalipl-

atin (intravenous [IV] dose of 85 mg/m2 over 2 hours) to-

gether with leucovorin (IV dose of 400mg/m2 over 2 hours),

followed by fluorouracil (dose of 400 mg/m2 as a bolus and

2400mg/m2 intravenously over 46 hours). Patients in arm A

received aflibercept (4 mg/kg IV over 1 hour) before CT.

All drugswere administered on day 1 of a 14-day cycle for

6 cycles, followed 4weeks later by CRT and TME surgery. Ra-

diotherapywasperformedby a linear acceleratorwith amini-

mum voltage of 6 mV by using a 3- or 4-field technique. The

treatment volume included theprimary tumor and themeso-

rectal, presacral, and internal iliac lymphnodesup to the level

of the bottom part of the fifth lumbar vertebra. Patients re-

ceived a total dose of 50.4 Gy (to convert to rad, multiply by

100), and daily fractions of 1.8 Gy were given on 5 days per

week.DuringCRT,oral capecitabinewasadministeredata fixed

doseof 825mg/m2 twicedaily ondays 1 through5 for 5weeks.

Surgery and Pathology

The TME surgery was performed at 6 to 8 weeks after CRT

completion inboth treatmentarms.The final choiceof surgical

procedure (ie, abdominoperinealexcisionor lowanterior resec-

tion)wasat thesurgeon’sdiscretion.Standardizedpathologyex-

aminations were performed according to the methodology of

Quirke andWilliams.12 The extent of residual tumor in the re-

sectedspecimenwasclassifiedaccordingtotheTNMstagingsys-

temof theAmericanJointCommitteeonCancer,13with thepre-

script “y” used to indicate that the tumor had been treated be-

fore surgical resection. After preoperative CRT, residual tumor

masses were semiquantitatively evaluated according to the

5-point regressiongradingscaleestablishedbyMandardetal.14

Thestatusofthesurgicalcircumferentialresectionmargin(CRM)

(involvementdefinedasatumorwithin1mmfromtheCRM)and

theplaneofsurgerywereassessedbypathologistsusingtheclas-

sification proposed byQuirke et al.15ApCRwas defined as the

absence of viable tumor cells in the primary tumor and lymph

nodes (ypT0N0).

Outcomes and Statistical Analysis

Theprimary endpoint of the studywas the pCR rate. The sec-

ondaryendpointswereotherearlyefficacyendpoints (ie, pro-

portion of patients with circumferential margin-free and R0

resections, and tumor regression grade), CT andCRT toxic ef-

fects, surgicalmorbidity, 3-yeardisease-freesurvival, andover-

all survival. The disease-free survival and overall survival are

not reported in this manuscript because the required fol-

low-up has not been reached yet.

We chose a randomized design to avoid comparisonwith

historical cohorts andused ahypothesis testing designwith a

2-sidedαerror of 20%,given theexploratorynatureof aphase

2 trial. From our previous data,2 we assumed a pCR rate of

15.0% in the control group and a target efficacy of 30.0% in

the study group. Under these assumptions, using a power of

80.0% and the 2:1 randomization, the study required 162 pa-

tients.Thesamplesizewas increasedto180toallowfora10.0%

dropout rate.We planned 2 interim analyses (ie, when 33.0%

and66.0%of the sample sizeshadbeen recruited) of the treat-

ment safety, futility, and efficacy. To account for these in-

terimanalyses, the threshold for significanceat the final analy-

sis was penalized using an O’Brien-Fleming alpha spending

function. Consequently, the studywould be considered posi-

tiveat theprespecified20.0%2-sidedαerror if thePvaluecom-

paring thepCR rates between the 2 armswas lower than .1984

(see eFigure 1, eFigure 2, and eFigure 3 in Supplement 2 for

the thresholdsof significanceandresultsof the2 interimanaly-

ses) using a z test for independent binomial proportionswith-

out continuity correction.

The intention-to-treat population was used for all effi-

cacy analyses. The χ2 test was used to evaluate the associa-

tion between the treatment groups for qualitative para-

meters. Standard descriptive statistics were presented for all

variables andoutcomes. Analyseswere performedusing SAS,

version 9.4 (SAS Institute Inc).

Results

Between January 2015 and March 2017, 243 patients were as-

sessed foreligibility.Of thesepatients, 180were randomized to

armA(n = 115)orarmB(n = 65) (Figure).Thecutoffdate for this

report was December 2017. The demographic and tumor char-

acteristicswerewell balancedbetween the2arms (Table 1). For

the 115 patientswho received treatmentwithmFOLFOX6plus

aflibercept, themedian (range)agewas60(32-75)years,77men

(66.9%)and38women(33.0%).Forthe65patientswhoreceived

induction treatmentwithonlymFOLFOX6, themedian (range)

agewas65(39-75)years,39men(60.0%)and26women(40.0%).

Mostpatientshadmorethanonehigh-riskfactors.After random

assignment, 33patients (28.6%) inarmAand19 (29.2%) inarm

Bwere observed tohavemrT4 lesions, 68patients (59.1%, arm

A) and37 (56.9%, armB)weremrMRF+, and 79 (68.7%, armA)

and46 (70.7%, armB) hadmrN2. In armA, 55 patients (47.8%)

and in armB, 31 (47.6%)weremrEMVI+.

Compliance and Toxic Effects

Induction Treatment

A total of 106 patients (92.1%) in armA and 63 (96.9%) in arm

Bcompleted the6cyclesof inductionCT,withorwithoutdose

reduction.During the inductionperiod, in 59patients (51.3%)

treatedwithmFOLFOX6plusaflibercept (armA)and15 (23.0%)

treated withmFOLFOX6 alone (arm B) an adverse event (AE)

of grade 3 or higherwas recorded (Table 2); themost frequent

AEswere hypertension (armA, 28 [24.3%] vs armB, 1 [1.5%]),

neutropenia (armA, 22 [19.1%] vs armB, 11 [16.9%]), diarrhea

(arm A, 5 [4.3%] vs arm B, 1 [1.5%]), and febrile neutropenia

(arm A, 5 [4.3%] vs arm B, 0).

Twopatients inarmAdiedwithin30daysof their last treat-

mentdoseowing toAEs, 1 ofwhomdiedowing toanaorticdis-

sectionafter receiving the full inductionCT.For the secondpa-

tient,who received4cycles, thecauseofdeathwasperitonitis,

whichdevelopedbecauseof a complicationof an intestinal ob-
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struction that was operated on with a low anterior resection

in theemergencydepartment.Bothdeathswere judgedby the

investigators tobeunrelated to the study treatment.Nodeaths

were reported in arm B during the induction CT.

Preoperative Chemoradiotherapy

Of the 107 patients in arm A who began CRT, 97 (92.3%) re-

ceived radiotherapy as prescribed (dose and technique) and

89 (84.7%) received the full capecitabine dose. Of the 64 pa-

tients in arm B who began CRT, 62 (96.8%) received radio-

therapyasprescribed (dose and technique) and58 (90.6%) re-

ceived the full capecitabinedose.Nodifferences in toxiceffects

were observed between the arms (Table 2).

Surgery

After CRT, 103 patients (89.5%) in armAand62 (95.3%) in arm

Bproceededtoundergocurativesurgery.Theproportionofpost-

operativecomplicationsof anygradewassimilarbetweenboth

arms (Table 3) and no perioperative deaths were reported. For

variousreasons, 12patients (10.4%) inarmAand3(4.6%) inarm

Bdidnotundergosurgery (Figure).Abdominoperinealexcision

wasperformed in22patients (21.3%) inarmAand18 (29.0%) in

armB.Thequalityofsurgerywasconsideredgood,withapatho-

logicallyconfirmedmesorectalplaneofsurgery in88(85.4%)of

the 103 resected patients in armA and 47 (75.8%) of the 62 re-

sectedpatientsinarmB.ModeratelygoodTMEsurgerywasdocu-

mented in6patients (5.8%) inarmAand6 (9.6%) inarmB,and

poor surgery was observed in 6 patients (5.8%) in armA and 7

(11.2%) in armB (Table 3).

Efficacy

Intheintention-to-treatpopulation,pCR(ypT0N0)wasachieved

in 26of 115 patients in armA (22.6%; 95%CI, 15.3%-31.3%) and

9of65 inarmB(13.8%;95%CI,6.5%-24.6%) (P = .15). In thepa-

tientswhounderwentcurativesurgery,pCRwasachieved in26

of 103 patients (25.2%; 95%CI, 17.2%-34.8%) in armAand9of

62 (14.5%;95%CI,6.9%-25.8%) inarmB(P = .10).Complete re-

missionoftheprimarytumor(Mandard1)wasachievedin27pa-

tients(26.2%)inarmAand9(14.5%)inarmB.Thereportednum-

berof lymphnodesexamined(13 inarmAand13.5 inarmB)and

thenegativenodesweresimilar inbotharms.StageypN2(ie,≥4

Figure. CONSORTDiagram

243 Patients assessed for eligibility

180 Randomized

115 Arm A (experimental)

Commenced induction CT
mFOLFOX6 + aflibercept

106 Completed induction CT 63 Completed induction CT

107 Commenced CRT 64 Commenced CRT

104 Underwent surgery

103 Curative resection

1 Palliative colostomy

62 Underwent surgery

62 Cumulative resection

65 Arm B (control)

Commenced induction CT
mFOLFOX6

9 Did not complete
induction CT

5 Toxic effects

2 CRT later

1 Other RT later

2 Death

1 Investigator decision

1 CRT later

1 Withdrew consent

2 Did not complete
induction CT

2 Toxic effects

1 CRT later

2 Did not commence
CRT

1 Death

1 Withdrew consent

6 Did not have resection
of the primary tumor
induction CT

5 PD

1 Withdrew consent

2 Did not have resection
of the primary tumor

2 PD

CT indicates chemotherapy; mFOLFOX6, modified fluorouracil, leucovorin, and

oxaliplatin; CRT, chemoradiotherapy; RT, radiotherapy; PD, progressive disease.

Table 1. Baseline Patient Demographics and Characteristics

Characteristic

Patients, No. (%)

Arm A (Induction
mFOLFOX6 +
Aflibercept [n = 115])

Arm B (Induction
mFOLFOX6 [n = 65])

Age, median (range), y 60 (32-75) 65 (39-75)

Sex

Male 77 (66.9) 39 (60.0)

Female 38 (33.0) 26 (40.0)

ECOG

0 78 (67.8) 34 (52.3)

1 37 (32.1) 31 (47.6)

Clinical T stage

Middle third

mrT2 1 (0.8) 0

mrT3a 1 (0.8) 0

mrT3b 8 (6.9) 8 (12.3)

mrT3c 47 (40.8) 22 (33.8)

mrT3d 7 (6.0) 4 (6.1)

mrT4 21 (18.2) 13 (20.0)

Distal third

mrT3 17 (14.7) 12 (18.4)

mrT4 12 (10.4) 6 (9.2)

Missing 1 (0.8) 0

MRF+ 68 (59.1) 37 (56.9)

EMVI+ (score 3/4) 55 (47.8) 31 (47.6)

N2 79 (68.7) 46 (70.7)

Location

Middle 84 (73.0) 46 (70.7)

Distal 30 (26.0) 18 (27.6)

Missing 1 (0.8) 1 (1.5)

Adenocarcinoma 115 (100.0) 65 (100.0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EMVI, extramural

venous invasion; mFOLFOX6, modified fluorouracil, leucovorin, and oxaliplatin;

MRF, mesorectal fascia.
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positive nodes)was observed in 8 patients (7.7%) in armA and

9(14.5%)inarmB.LocalcompleteR0resectionswereperformed

in 101 patients (98.0%) in arm A and 60 (96.7%) in arm B, and

clearCRMs(>1mm)wereobserved in96patients (93.2%) inarm

A and 56 (90.3%) in armB (Table 3).

Discussion

Our results suggest that patients with high-risk T3 and T4 rec-

tal adenocarcinoma may benefit from the use of combined

afliberceptplusmFOLFOX6inductionCTprior tostandardCRT

and TME surgery. Although the patients in the aflibercept-

containingarmhadahigherpCRrateandhigher acute toxic ef-

fects (mainlyaclasseffectofVEGFinhibition)during the induc-

tionphase, theseobservationsneithercompromisedthesubse-

quentCRTor surgical resectability of the tumornor resulted in

additionalsurgicalcomplications.Themostfrequenttoxiceffect

was observed to be reversible hypertension, which was easily

managed.Thestudyresultsmet the threshold for further inves-

tigation in the context of this phase 2 design. Hypothesis test-

ingwitha2-sidedαof .2needs tobeconsidered to interpret the

resultsasbeingcompatiblewithefficacy rather thanasadefini-

tiveproofof it.Thenaturalnextstepistoconfirmtheclinicalben-

efitof thisaflibercept-based inductionstrategy inaphase3 trial.

Evenwith preoperativeMRI, amajor challenge in neoad-

juvant trials of rectal adenocarcinoma is related to accu-

rate tumor staging. Both overstaging and understaging

are well-known issues that may contribute to outcome

misinterpretation.16Tominimizethis in theGEMCAD1402trial,

we performed a central review of the baseline MRI.

Our results shouldbe interpreted in thecontextofother re-

cently completed randomized trials of induction or consolida-

tionCTand (chemo)radiation ina similarpopulation.These in-

clude theGCR-3,EXPERT-C, andPolish trials (Table4).2,3,17The

pCRrate inthecontrolgroupofourstudy(13.8%)wasconsistent

withtheresultsof theserandomizedtrials. IntheGCR-3trial, the

pCRrateafter 12weeksof induction treatmentwithCAPOXwas

14.3%,but theproportionofpatientswithT4tumorswashigher

inourGEMCAD1402study. In thecontrol armof theEXPERT-C

trial,whichused the samepreoperative treatment strategy, the

pCR ratewas 15%and theproportions of patientswithpoor ra-

diologic prognostic factors (mrT4, mrEMVI+, mrMRF+, and

mrT3c-T3d)weresimilar tothoseofourtrial.BoththeGCR-3and

theEXPERT-Cstudies showedsimilar results in theexperimen-

tal andcontrol arms, incontrast toour results,whichsuggestan

increased pCR in the experimental arm.

The Polish trial17 compared standard preoperative long-

courseCRTwith experimental preoperative short-term radio-

therapy and consolidation with 3 cycles of FOLFOX4 and re-

ported apCR rate of 14% in the consolidationCTgroup. In this

trial, 34% and 35% of the patients were staged by computed

tomography and digital rectal examination, respectively, and

approximately 60% had cT4 tumors.17

Our trial surgerywasperformed6 to8weeksafterCRT. Ina

nonrandomizedphase2trial (cT2tumors,8%;cT3tumors,85%),

higher rates of pCRs (38%)have been reported, extendinguntil

19weeksthe interval tosurgeryandadministeringadditionalCT

duringthewaiting(consolidation)period,suggestingthatat least

inpart, lengtheningtheintervalhasapositivecontributioninthe

outcome.18Thephase2R trial, evaluating inductionvs consoli-

dationCT,mayprovide a better estimate of this contribution.19

The results of the present study showed that aflibercept

addition to the inductionCTcausedexpected9,20higher acute

toxic effects, mostly comprising easily managed hyperten-

sion. One patientwith a baseline computed tomography scan

showing aortic atheromatosis died after receiving the sixth

cycleofmFOLFOX6plusaflibercept,owingtospontaneousaor-

tic rupture after surgery for an aortic Stanford type A dissec-

tion. Although judged by the investigators to be unrelated to

the treatment, a recentpopulation-baseddatabasestudy found

Table 2. Toxic Effects and Compliance

Characteristic

Patients, No. (%)

Arm A (Induction
mFOLFOX6 +
Aflibercept
[n = 115])

Arm B
(Induction
mFOLFOX6
[n = 65])

Any grade 3/4 toxic effects during
induction CT

59 (51.3) 15 (23.0)

Any grade 3/4 toxic effects during
induction, excluding hypertension

36 (33.6) 13 (20.3)

Grade 3/4 nonhematologic toxic
effects

Diarrhea 5 (4.3) 1 (1.5)

Mucositis 3 (2.6) 0

Asthenia 2 (1.7) 0

Hypertension 28 (24.3) 1 (1.5)

Perforation 2 (1.7) 0

Acute coronary syndrome 1 (1.5) 1 (1.5)

Hematochezia 1 (0.8) 0

Dysphonia 1 (0.8) 0

Pulmonary embolism 1 (0.8) 0

Grade 3/4 hematologic toxic effects

Neutropenia 22 (19.1) 11 (16.9)

Febrile neutropenia 5 (4.3) 0

Thrombocytopenia 0 2 (3.0)

Compliance induction CT, No. of cycles
received per patient

1 3 (2.6) 0

2 1 (0.8) 1 (1.5)

3 1 (0.8) 1 (1.5)

4 3 (2.6) 0

5 1 (0.8) 0

6 106 (92.1) 63 (96.9)

Any grade 3/4 toxic effects during
CRTa

18 (17.1) 5 (7.8)

Grade 3/4 toxic effects

Diarrhea 2 (1.7) 3 (4.6)

Palmar-plantar
erythrodysesthesia

3 (2.6) 0

Proctitis 1 (0.8) 1 (1.5)

Hyponatremia 1 (0.8) 0

Neutropenia 2 (1.7) 0

Compliance CRTa

Received total dose of RT 97 (92.3) 62 (96.8)

Received full dose of CT during RT 89 (84.7) 58 (90.6)

Abbreviations: CRT; chemoradiotherapy; CT, chemotherapy;

mFOLFOX6, modified fluorouracil, leucovorin, and oxaliplatin; RT, radiotherapy.

a Calculated among 105 (2missing) and 64 patients receiving CRT.
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an increased risk of aortic dissection during systemic expo-

sure to anti-VEGF inhibitors, suggesting a class effect for toxic

effects.21Thisshouldbeconsidered inthedesignof futurestud-

ies. We did not observe differences in acute toxic effects or

treatment compliance during CRT.

Instudiesofantiangiogenicagents,optimizationof thedose

andschedule for combination therapy is challenging.Basedon

thehypothesis thatVEGFinhibitionmightnormalize the tumor

vasculatureandthus improvethedeliveryofdrugsandoxygen,

weaddedaflibercepttotheinductionCTpriortoperformingstan-

dard CRT.22However, the length of the normalizationwindow

andwhetherit issufficienttoinduceasustainedtherapeuticben-

efit remainunknown,althoughsomestudieshavedemonstrated

aprolongedmaintenanceofvascularnormalization.23Thepro-

longationof the intervalbetweenafliberceptadministrationand

surgerymayhavebeenresponsibleforthelowperioperativemor-

bidityobserved.Giventhataprior randomizedtrial,whichcom-

pared the use ofmFOLFOX6 plus afliberceptwithmFOLFOX6

aloneforadvancedcolorectaladenocarcinoma,didnot indicate

any difference in the response rate between the 2 treatment

groups, our results support thehypothesis thatVEGFblockade

prior toCRTisassociatedwiththe improvement in localefficacy

via vascular normalization.

Limitations

A potential limitation of the trial is that statistically the cho-

sen 2-sided α of 20% is high compared to that in contempo-

rary randomizedcontrolled trials. This αvalue couldaffect the

results in that the experimental arm could be considered to

have outperformed the control arm, when in fact it did not.

Conclusions

In summary, in a population with high-risk rectal adenocar-

cinoma treatedwitha total neoadjuvant therapy, ourdata sup-

port a possible role for VEGF inhibition combined with

mFOLFOX6during induction in increasing thepCR rate,with-

out compromising the subsequent CRT or leading to a sub-

stantial increase in surgical complications. Further evalua-

tion in a phase 3 trial is warranted.

Table 3. Surgical Procedures, Toxic Effects, Grading of TME, and

Pathologic Characteristics of PatientsWhoUnderwent Curative Surgery

Characteristic

Patients, No. (%)

Arm A
(mFOLFOX6 +
Aflibercept
[n = 103])

Arm B (mFOLFOX6
[n = 62])

Type of curative surgery

Low anterior resection 76 (74.7) 42 (67.7)

Abdominoperineal
resection

22 (21.3) 18 (29.0)

Others 5 (4.8) 2 (3.2)

Postoperative morbidity

Overall AEs grade 3/4 16 (15.5) 8(12.9)

Anastomotic fistula 4 (3.8) 1 (1.6)

Wound-healing problems 4 (3.8) 5 (8.0)

Reoperation 9 (8.7) 5 (8.0)

Postoperative mortality 0 0

TME quality grading of
operative specimen

Mesorectal plane (good) 88 (85.4) 47 (75.8)

Intramesorectal plane
(moderate)

6 (5.8) 6 (9.6)

Muscularis propia (poor) 6 (5.8) 7 (11.2)

Missing 3 (2.9) 2 (3.2)

Completeness of local tumor
resection

R0 101 (98.0) 60 (96.7)

R1 0 2 (3.2)

R2 1 (0.9) 0

Rx 1 (0.9) 0

Circumferential resection
margin, mm

≤1 3 (2.9) 3 (4.8)

>1 96 (93.2) 56 (90.3)

Missing data 4 (3.8) 3 (4.8)

Pathologic T category

ypT0 27 (26.2) 9 (14.5)

ypTis 2 (1.9) 3 (4.8)

ypT1 4 (3.8) 6 (9.6)

ypT2 24 (23.3) 18 (29.0)

ypT3 44 (42.7) 24 (38.7)

ypT4 3 (2.9) 2 (3.2)

No. of lymph nodes examined
(range)

13.0 (9.0-18.0) 13.5 (10.0-17.0)

Pathologic N category

ypN0 78 (75.7) 48 (77.4)

ypN1 17 (16.5) 5 (8.0)

ypN2 8 (7.7) 9 (14.5)

Pathologic stage

ypT0N0 26 (25.2) 9 (14.5)

ypTisN0 1 (0.9) 3 (4.8)

I 26 (25.2) 22 (35.4)

IIA 25 (24.2) 12 (19.3)

IIB 0 1 (1.6)

IIC 1 (0.9) 0

IIIA 3 (2.9) 1 (1.6)

IIIB 19 (18.4) 10 (16.1)

IIIC 2 (1.9) 2 (3.2)

IV 1 (0.9) 1 (1.6)

Missing data 0 1 (1.6)

(continued)

Table 3. Surgical Procedures, Toxic Effects, Grading of TME, and

Pathologic Characteristics of PatientsWhoUnderwent Curative Surgery

(continued)

Characteristic

Patients, No. (%)

Arm A
(mFOLFOX6 +
Aflibercept
[n = 103])

Arm B (mFOLFOX6
[n = 62])

Tumor regression grade
(Mandard)

TRG 1 27 (26.2) 9 (14.5)

TRG 2 33 (32.0) 21 (33.8)

TRG 3 28 (27.1) 23 (37.0)

TRG 4 12 (11.6) 8 (12.9)

TRG5 2 (1.9) 0

Missing data 1 (0.9) 1 (1.6)

Abbreviations: AEs, adverse events; mFOLFOX6, modified fluorouracil,

leucovorin, and oxaliplatin; TME, total mesorectal excision.
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Table 4. Randomized TrialsWith Induction or Consolidation Chemotherapy in cT3-T4 Rectal Adenocarcinoma

Trial Characteristics GCR-3 (n = 108) EXPERT-C (n = 165) Polish (n = 541)
GEMCAD 1402
(n = 180)

Preoperative
treatment

CRT: 50.4
Gy + capecitabine
825 mg/m2 × 2, 5
d/wk for 5
wk + oxaliplatin 50
mg/m

2
weekly × 5

CAPOX and CRT:
capecitabine 2000
mg/m2 × 14 d, 1 week
rest + oxaliplatin 130
mg/m

2
day 1 × 4 cycles,

and 50.4
Gy + capecitabine 1650
mg/m2/d + during RT

CRT: 50.4
Gy + bolus
fluorouracil 325
mg/m2/d and LV
20 mg/m2/d ×5 d
first and fifth
week + weekly
oxaliplatin 50
mg/m2 × 5 wk

mFOLFOX6 and CRT:
oxaliplatin 85
mg/m2 + leucovorin
400 mg/m2 + bolus
fluorouracil 400
mg/m2 + 46 h CI 2400
mg/m2 × 6 cycles and
50.4 Gy + capecitabine
825 mg/m2, 5 d/wk for
5 wk

CAPOX and CRT:
capecitabine 2000
mg/m2 × 14 d, 1
week
rest + oxaliplatin
130 mg/m2 day
1 × 4 cycles and
50.4
Gy + capecitabine
825 mg/m2, 5 d/wk
for 5
wk + oxaliplatin 50
mg/m2 weekly × 5

CAPOX-C and CRT:
capecitabine 2000
mg/m2 × 14 d, 1 week
rest + oxaliplatin 130
mg/m2 day
1 + cetuximab 400
mg/m2 on day 1
followed by 250
mg/m2/wk × 4 cycles
and 50.4
Gy + capecitabine 1650
mg/m2 d + cetuximab
250 mg/m2 weekly
during RT

RT and FOLFOX4:
5 × 5
Gy + oxaliplatin
85 mg/m2 day
1 + leucovorin
200
mg/m2 + bolus
fluorouracil 400
mg/m2 + 22 h CI
fluorouracil 600
mg/m2 14 d × 3
cycles

mFOLFOX6 +
Aflibercept and CRT:
oxaliplatin 85
mg/m2 + leucovorin
400 mg/m2 + bolus
fluorouracil 400
mg/m2 + 46 h CI 2400
mg/m2 + aflibercept 4
mg/kg and 50.4
Gy + capecitabine 825
mg/m2, 5 d/wk for 5 wk

cT3, % CRT: 82.0% (n = 43
of 52)

CAPOX and CRT: 69.1%
(n = 56 of 81)

CRT: 33.7%
(n = 88 of 261)

mFOLFOX6 and CRT:
71.0% (n = 46 of 65)

CAPOX and CRT:
87.5% (n = 49 of 56)

CAPOX-C and CRT:
56.6% (n = 47 of 83)

RT and FOLFOX4:
32.6% (n = 83 of
254)

mFOLFOX6-A and CRT:
69.5% (n = 80 of 115)

cT4, % CRT: 5.7% (n = 3 of
52)

CAPOX and CRT: 23.4%
(n = 19 of 81)

CRT: 63.2%
(n = 165 of 261)

mFOLFOX6 and CRT:
29.2% (n = 19 of 65)

CAPOX and CRT:
12.5% (n = 7 of 56)

CAPOX-C and CRT:
25.3% (n = 21 of 83)

RT and FOLFOX4:
64.1% (n = 163 of
254)

mFOLFOX6-A: 28.6%
(n = 33 of 115)

Other poor MRI
prognostic factors, %

CRT: T3c-T3d, NR;
T4, 5.7% (n = 3 of
52); CRM-positive
disease or at risk,
9.6% (n = 5 of 52);
EMVI-positive
disease, NR; N2, NR

CAPOX: T3c-T3d, 69.1%
(n = 56 of 81; T4: 23.4%
(n = 19 of 81);
CRM-positive disease or
at risk, 55.5% (n = 45 of
81); EMVI-positive
disease, 74.0% (n = 60
of 81); N2, NR

NR

mFOLFOX6: T3c-T3d,
40.0% (n = 26 of 65);
T4: 29.2% (n = 19 of
65); CRM-postive
disease or at risk, 56.9%
(n = 37 of 65);
EMVI-positive disease,
47.6% (n = 31 of 65);
N2, 70.7% (n = 46 of
65)

CAPOX: T3c-T3d,
NR; T4, 12.5% (n = 7
of 56); CRM-positive
disease or at risk, 0%
(n = 0);
EMVI-positive
disease, NR; N2, NR

CAPOX-C: T3c-T3d,
56.6% (n = 47 of 83);
T4: 25.3% (n = 21 of
83); CRM-positive
disease or at risk, 57.8%
(n = 48 of 83);
EMVI-postitive, 69.8%
(n = 58 of 83); N2, NR

mFOLFOX6-A: T3c-T3d,
46.9% (n = 54 of 115);
T4, 28.6% (n = 33 of
115); CRM-positive
disease or at risk, 59.1%
(n = 68 of 115);
EMVI-positive disease,
47.8% (n = 55 of 115);
N2, 68.7% (n = 79 of
115)

pCRa 13.4% (n = 7 of 52)
vs 14.3% (n = 8 of
56)

9.0% (n = 4 of 44) vs
10.8% (n = 5 of 46)b

9.4% (n = 24 of
254) vs 13.7%
(n = 36 of 261)

13.8% (n = 9 of 65) vs
22.6% (n = 26 of 115)

Abbreviations: CAPOX, capecitabine

and oxaliplatin;

CAPOX-C, capecitabine, oxaliplatin,

and cetuximab; CRM, circumferential

resectionmargin;

CRT, chemoradiotherapy;

EMVI, extramural venous invasion;

FOLFOX, fluorouracil, leucovorin, and

oxaliplatin; FOLFOX-A, fluorouracil,

leucovorin, oxaliplatin, and

aflibercept; MRI, magnetic resonance

imaging; NR, not reported;

pCR, pathologic complete response.

a Intention-to-treat population.

bKRAS/BRAFwild type.
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