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Lessons Learned
x The 5-year oncologic outcomes from the trial regimen were excellent. However, the neoadjuvant and surgical toxicity of
this regimen was significant and was the primary reason for the low compliance with adjuvant systemic therapy.

x Due to the lack of an improvement in the pathologic complete response rate, the substantial associated toxicity, and the
negative phase III trials of adjuvant bevacizumab in colon cancer, this regimen will not be pursued for further study.

Author Summary: Abstract and Brief Discussion

Background
The addition of bevacizumab to chemotherapy improves overall survival for metastatic colorectal cancer. We initiated
a phase II trial to evaluate preoperative capecitabine, oxaliplatin, and bevacizumabwith radiation therapy (RT) followed by
surgery and postoperative 5-fluorouracil, leucovorin, oxaliplatin (FOLFOX), and bevacizumab for locally advanced rectal
cancer. The purpose of this report is to describe the 5-year oncologic outcomes of this regimen.

Methods
In a phase II Simon two-stage design study, we evaluated preoperative treatment with capecitabine (825 mg/m2 b.i.d.
Monday–Friday), oxaliplatin (50mg/m2weekly), bevacizumab (5mg/kgondays1,15, and29), andRT (50.4Gy). Surgerywas
performed by 8weeks after RT. Beginning 8–12weeks after surgery, patients received FOLFOX plus bevacizumab (5mg/kg)
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every 2 weeks for 12 cycles (oxaliplatin stopped after 9 cycles). The primary endpoint was a pathologic complete response
(path-CR) rateof 30%. Fifty-sevenpatientswith resectable T3/T4 rectal adenocarcinomawereenrolledbetween2006and2010.

Results
Of 57 enrolled patients, 53 were eligible and included in the analysis. Forty-eight (91%) patients completed preoperative
therapy, all of whom underwent curative surgical resection. Nine patients (17%) achieved path-CR. There were 29 worst
grade3 events, 8worst grade 4 events, and 2patient deaths, 1 ofwhichwas attributed to study therapy.Twenty-six patients
(54%) began adjuvant chemotherapy. After amedian follow-up period of 41months, the 5-yearoverall survival (OS) rate for
all patients was 80%. Only 2 patients experienced cancer recurrence: 1 distant (liver) and 1 loco-regional (pelvic lymph
nodes), respectively. Both of these patients are still alive. The 5-year relapse-free survival rate was 81%.

Conclusion
Despite the path-CR primary endpoint of this trial not being reached, the 5-year OS and recurrence-free survival rates were
excellent. However, the neoadjuvant and surgical toxicity of this regimenwas significant andwas the primary reason for the low
compliancewithadjuvantsystemic therapy.Becauseof the lackofan improvement in thepath-CRrate,thesubstantialassociated
toxicity,andthenegativephaseIIItrialsofadjuvantbevacizumabincoloncancer,thisregimenwillnotbepursuedforfurtherstudy.

Discussion
This multi-institutional phase II trial of preoperative radiation therapy (RT) with concurrent capecitabine, oxaliplatin, and
bevacizumab followed by surgery and postoperative 5-fluorouracil, leucovorin, oxaliplatin (FOLFOX), and bevacizumab did
not meet its primary endpoint of an expected 30% pathologic complete response (path-CR) rate and was associated with
significantacute toxicityand surgical complications, primarilywound infection, andwound/fascialdehiscence [1].However,
these initial results are only based on the intensified neoadjuvant component of the treatment regimen and do not reflect
any potential gain in tumor control of the study adjuvant systemic therapy.

Despiteno increase inpath-CR, thisphase II trial demonstratedavery lowrateofdistant recurrencecomparedwithhistorical
controls and trials that incorporatedeitheroxaliplatinorbevacizumab in theneoadjuvantphasebutusedeithernoadjuvant
therapyor standard adjuvant chemotherapy.This trial continued bevacizumab in the adjuvant phase in addition to standard
chemotherapy. Although the role of adjuvant chemotherapy after neoadjuvant chemoradiation therapy (CRT) for patients
with locally advanced rectal cancer (LARC) is somewhat controversial [14], theremay be a suggestion from these data that
intensified adjuvant therapy may have some efficacy in reducing the occurrence of distant relapse. However, this is only
hypothesis generating because this trial was not intention-to-treat analyzed and is single-armed with a relatively small
patient population (Fig. 1). Also, only 26 of 48 patients (54%) who underwent curative resection started adjuvant
chemotherapy, with only 18 (38%) completing all adjuvant cycles per protocol. The elevated rates of acute toxicity during
neoadjuvant CRT and surgical complications were the primary cause of not initiating adjuvant chemotherapy. In addition,
multiple trials investigating theuse of adjuvant bevacizumab in addition to fluoropyrimidine-based chemotherapy for stage
II–III resected colon cancer have been negative, thereby calling into question the efficacy of bevacizumab in the adjuvant
setting [15, 16]. Finally, although the pilot study of neoadjuvant chemotherapywithout RT followed by surgery for selected
patientswith stage II–III rectal cancer did incorporate bevacizumab, the ongoing PROSPECT trial (N1048, available at http://
www.ctsu.org) does not use an antiangiogenic agent for reasons similar to those discussed above [17].

In conclusion, distant recurrence rates with this regimen compared favorably with historical controls and trials that incorporated
eitheroxaliplatinorbevacizumabintheneoadjuvantphasebutusedeithernoadjuvanttherapyorstandardadjuvantchemotherapy.
However, theacuteCRTandsurgical toxicityof this regimenwas significantandwastheprimary reason for the lowcompliancewith
adjuvant systemic therapy. Because of the lack of an improvement in the path-CR rate, the substantial associated toxicity, and
negative phase III trials of adjuvant bevacizumab in colon cancer, this regimen cannot be recommended for further study.

Trial Information

Disease Rectal cancer

Stage of disease / treatment Neoadjuvant

Prior Therapy None

Type of study - 1 Phase II

Type of study - 2 Single Arm

Primary Endpoint Complete Response Rate

Secondary Endpoint Toxicity
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Secondary Endpoint Overall Survival

Additional Details of Endpoints or Study Design The primary endpoint of this study was pathologic complete
response. Fifty-five eligible patients were planned to be accrued in
this trial.To allow for 5% ineligibility, 58 patientswereplanned tobe
entered. If the treatment was indicative of a true path-CR rate of
30%, we would consider it a promising regimen for further study.
A truepath-CR rateof less than15%wasconsideredunpromising.To
limit accrual if the treatment was not effective, a two-stage design
was used, allowing early stopping if the true path-CR rate was less
than 15%. If at least 4 pathologic complete responses were
observed among the first 23 eligible patients, 34 additional patients
(assuming 32 eligible) would be entered in the second stage. Five of
the first15patients (33%)whocompletedpreoperative therapyand
surgery demonstrated a path-CR after the first stage of accrual, and
thedecisionwasmadetocontinue to thesecondstage. If12ormore
pathologic complete responses are seen in the 55 eligible patients,
the treatment will be considered promising.

Investigator’s Analysis Active but too toxic as administered in this study

Drug Information

Drug 1
Generic/Working name Capecitabine

Trade name Xeloda

Company name Genentech

Drug class Antimetabolite

Dose 825 mg/m2

Route Oral (PO)

Schedule of Administration 825 mg/m2 every 12 hours, by mouth, 5 days per week during RT

Drug 2
Generic/Working name Oxaliplatin

Drug class Platinum compound

Dose 50 mg/m2

Route IV

Schedule of Administration 50mg/m2, IVover 2 hours, once perweek, days 1, 8, 15, 22, 29 of RT

Drug 3
Generic/Working name Bevacizumab

Trade name Avastin

Company name Genentech

Drug type Biological

Drug class Vascular endothelial growth factor (VEGF)

Dose 5 mg/kg

Route IV

Schedule of Administration 5mg/kg, IVover 30–90minutes, once every otherweek, days 1, 15,
and 29 of RT

Drug 4
Generic/Working name Leucovorin

Dose 400 mg/m2

Route IV

Schedule of Administration Adjuvant chemotherapy: 400 mg/m2, IV over 2 hours, day 1.
Cycleswere repeatedevery2weeks fora total of 12 (2-week) cycles.

Drug 5
Generic/Working name 5-Fluorouracil

Drug class Antimetabolite

Dose 400 mg/m2



Route IV, per push

Schedule of Administration Adjuvant chemotherapy: 400 mg/m2, IV bolus, day 1 followed by
2,400 mg/m2, continuous IV infusion over 46 hours, days 1–2.
Cycleswere repeatedevery2weeks for a totalof 12 (2-week) cycles.

Drug 6
Generic/Working name Oxaliplatin

Drug class Platinum compound

Dose 85 mg/m2

Route IV

Schedule of Administration Adjuvant chemotherapy: 85mg/m2, IV infusion over 2 hours, day 1.
Cycleswere repeatedevery2weeks for a totalof 12 (2-week) cycles,
except for oxaliplatin, which was administered for 9 cycles only.

Drug 7
Generic/Working name Bevacizumab

Trade name Avastin

Company name Genentech

Drug type Biological

Drug class VEGF

Dose 5 mg/kg

Route IV

Schedule of Administration Adjuvantchemotherapy:5mg/kg, IV infusionover90minutes,day1.
Cycleswere repeated every 2weeks for a total of 12 (2-week) cycles.

Patient Characteristics

Number of patients, male 36

Number of patients, female 17

Stage, n (%)

Clinical T stage

3 49 (92)

4 4 (8)

Clinical N stage

0 17 (32)

1 29 (55)

2 5 (9)

X 2 (4)

Age Median (range): 54 (25–83)

Number of prior systemic therapies Median (range): 0

Performance Status: ECOG • 0— 41
• 1— 12
• 2—
• 3—
• unknown—

Other Surgical procedure n %

Curative surgery 48 91

TME 37 77a

APR 11

LAR 15
aPercentage of 48 patients who underwent curative resection.
Abbreviations: APR, abdominoperineal resection; LAR, coloanal anastomosis 22;
TME, total mesorectal excision.

Cancer Types or Histologic Subtypes Rectal adenocarcinoma 53



Primary Assessment Method
Control Arm: Rectal Adenocarcinoma

Number of patients enrolled 57

Number of patients evaluable for toxicity 55

Number of patients evaluated for efficacy 53

Evaluation method Pathologic complete response

Response assessment CR n5 9
17%

Adverse Events at All Dose Levels
Name 1 2 3 4 5 *Grades 3–5
Neutrophils/granulocytes (ANC/AGC) 16% 2% 0% 18%

Leukocytes (total WBC) 13% 2% 0% 15%

Lymphopenia 13% 2% 0% 15%

Fatigue (asthenia, lethargy, malaise) 13% 2% 0% 15%

Diarrhea 11% 2% 0% 13%

Thrombosis/thrombus/embolism 0% 4% 0% 4%

Weight loss 4% 0% 0% 4%

Dehydration 9% 0% 0% 9%

Aspiration 0% 0% 2% 2%

Nausea 4% 2% 0% 6%

Proctitis 2% 0% 0% 2%

Vomiting 5% 0% 0% 5%

Hemorrhage, CNS 0% 2% 0% 2%

Pain 18% 5% 0% 23%

Death not associated with CTCAE term 0% 0% 2% 2%

Adverse Events Legend
*Only grade 3 and above toxicities were reported.
Abbreviations:AGC, absolutegranulocyte count;ANC, absoluteneutrophil count; CNS, central nervous system;CTCAE,CommonTerminologyCriteria for
Adverse Events; NA, not applicable; NC, not counted; WBC, white blood cells.

Serious Adverse Events
Name Grade Attribution
Death not otherwise specified 5 Unrelated

Death caused by aspiration 5 Probable

Assessment, Analysis, and Discussion
Completion Study completed

Pharmacokinetics / Pharmacodynamics Not Collected

Investigator’s Assessment Active but too toxic as administered in this study

Discussion
Thismulti-institutional phase II trial ofpreoperativeRTwithconcurrentcapecitabine,oxaliplatin, andbevacizumab followed
by surgery and postoperative FOLFOX and bevacizumab did not meet its primary endpoint of an expected 30% pathologic
CR rate and was associated with significant acute toxicity and surgical complications, primarily wound infection, and
wound/fascialdehiscence [1].However, these initial results areonlybasedon the intensifiedneoadjuvantcomponentof the
treatment regimen and do not reflect any potential gain in tumor control of the study adjuvant systemic therapy.



PathologicCRasadichotomousassessment is aknownrobustprognostic factor forboth locoregional recurrenceanddistant
metastases after neoadjuvant therapy for LARC [2]. Current guidelines define the optimal interval to surgery after
neoadjuvant CRT tomaximize the potential for pathologic CR [3]. Pathologic CR has become a surrogate endpoint for long-
term oncologic outcome and has been the primary endpoint of recent phase III randomized trials [4]. However, whether
pathologic CR leads to improved oncologic outcomes in itself or whether it acts primarily as a marker of more favorable
inherent cancer biology is yet unknown. This relates to the heart of the question asked by many neoadjuvant therapy
intensification trials for LARC: does increasing the pathologic CR rate lead to improved cancer outcomes?

This same question has been asked in other cancer sites.There have been numerous trials of neoadjuvant chemotherapy in
breastcancer inwhich theprimarygoalwasan increase in thepathologicCR rate.TheFoodandDrugAdministration recently
approvedadrug inbreastcancerbasedon increases inpathologicCRasasurrogatemarkerof longtermoutcome[5].Despite
these efforts and the accrual of thousands of patients, the answer to this fundamental question is still unknown, but
evidence is mounting. Two recent meta-analyses of patients with breast cancer who received neoadjuvant chemotherapy
confirmed the strongprognostic effectofpathologicCRversus less thanCR forevent-freesurvival andOSbutwereunable to
demonstrate that increases in pathologic CR rates led to improvement of these outcomes [6, 7]. In a similar vein, the
neoadjuvant combination of lapatinib and trastuzamabwith taxane-based chemotherapy led to significantly higher rates of
pathologic CR than either biologic agent individually with paclitaxel in a phase III trial for early stage breast cancer [8].
However,when these regimenswere tested in the adjuvant settingwith the primary endpoint ofdisease-free survival (DFS)
inmorethan8,000randomizedpatients, therewerenostatistically significantdifferences inoutcomesbetweenrandomized
arms [9].These data call into question whether pathologic CR, and relatedly increases in pathologic CR rate, can be used as
a true surrogate for long term outcomes, at least in the breast cancer setting.

The disease control outcomes demonstrated here compare favorably with other trials of neoadjuvant therapy
intensification using either bevacizumab or oxaliplatin. Willett et al. [10] conducted a phase II trial in which 32 patients
with LARC were treated with neoadjuvant bevazicumab in addition to standard continuous infusion 5-fluorouracil and RT.
Surgerywas followedbyphysicianchoice standardchemotherapy.ThepathologicCRratewas16%(5of32patients), and the
5-year local control andOS rateswereboth100%.The5-yearDFS ratewas 75%because of 5patients developingmetastases
postsurgery. Crane et al. [11] conducted a similar phase II trial in which patients with LARC were treated with neoadjuvant
bevacizumab, capecitabine, and RT, followed by surgery and physician choice standard adjuvant chemotherapy. Of 25
patients, 8 (32%) experienced pathologic CR.With a median follow-up period of 22.7 months, the 2-year estimated local
recurrence ratewas6% (1event).Threeadditional patients developeddistant recurrence for a 2-yearestimatedDFSof 77%.
The only phase III trial to publish clinical outcomes of intensified neoadjuvant CRT incorporating oxaliplatin is the ACCORD
12/0405 PRODIGE 2 trial [12]. This trial compared neoadjuvant capecitabine and 45-Gy RT (Cape45) with a regimen of
oxaliplatin, capecitabine, and RT to 50 Gy (CapeOx50). Approximately 42% of patients received fluoropyrimidine-based
adjuvant chemotherapy. There were no significant differences in any oncologic outcomes (Cape45 vs. CapeOx50): 3-year
cumulative incidence of local recurrence, 6.1% versus 4.4%; overall survival, 87.6% versus 88.3%; disease-free survival,
67.9% versus 72.7%. Of 598 total patients, 30 (5%) experienced local recurrence, whereas 139 patients (23%) experienced
distant recurrence during amedian follow-up period of 36.8 months.The only other trial we are aware of that investigated
the combined use of neoadjuvant oxaliplatin and bevacizumab in addition to fluoropyrimidine-based CRT has not reported
clinical outcomes [13].

Despite no increase in pathologic CR, this phase II trial demonstrated a very low rate of distant recurrence compared with
historical controlsand trials that incorporatedeitheroxaliplatinorbevacizumab in theneoadjuvantphasebutusedeitherno
adjuvant therapyor standard adjuvant chemotherapy.This trial continuedbevacizumab in the adjuvant phase in addition to
standard chemotherapy. Although the role of adjuvant chemotherapy after neoadjuvant CRT for patients with LARC is
somewhat controversial [14], theremay be a suggestion from these data that intensified adjuvant therapymay have some
efficacy in reducing the occurrence of distant relapse. However, this is only hypothesis generating because this trial was not
intention-to-treat analyzed and is single-armedwith a relatively small patient population. Also, only 26 of 48 patients (54%)
who underwent curative resection started adjuvant chemotherapy, with only 18 (38%) completing all adjuvant cycles per
protocol.The elevated rates of acute toxicity during neoadjuvant CRT and surgical complications were the primary cause of
not initiating adjuvant chemotherapy. In addition,multiple trials investigating the use of adjuvant bevacizumab in addition
to fluoropyrimidine-based chemotherapy for stage II–III resected colon cancer have been negative, thereby calling into
question the efficacy of bevacizumab in the adjuvant setting [15, 16]. Finally, although the pilot study of neoadjuvant
chemotherapy without RT followed by surgery for selected patients with stage II–III rectal cancer did incorporate
bevacizumab, the ongoing PROSPECT trial (N1048, available at http://www.ctsu.org) does not use an antiangiogenic agent
for reasons similar to those discussed above [17].
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Figure

Figure 1. CONSORT diagram with patient flow.
Abbreviations: chemo, chemotherapy; CRT, chemoradiation; preop, preoperative.
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