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A B S T R A C T

Purpose
Major concerns surround combining chemotherapy with bevacizumab in patients with colon
cancer presenting with an asymptomatic intact primary tumor (IPT) and synchronous yet
unresectable metastatic disease. Surgical resection of asymptomatic IPT is controversial.

Patients and Methods
Eligibility for this prospective, multicenter phase II trial included Eastern Cooperative Oncology
Group (ECOG) performance status 0 to 1, asymptomatic IPT, and unresectable metastases. All
received infusional fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) combined with bevaci-
zumab. The primary end point was major morbidity events, defined as surgical resection because
of symptoms at or death related to the IPT. A 25% major morbidity rate was considered
acceptable. Secondary end points included overall survival (OS) and minor morbidity related to IPT
requiring hospitalization, transfusion, or nonsurgical intervention.

Results
Ninety patients registered between March 2006 and June 2009: 86 were eligible with follow-up,
median age was 58 years, and 52% were female. Median follow-up was 20.7 months. There were
12 patients (14%) with major morbidity related to IPT: 10 required surgery (eight, obstruction; one,
perforation; and one, abdominal pain), and two patients died. The 24-month cumulative incidence
of major morbidity was 16.3% (95% CI, 7.6% to 25.1%). Eleven IPTs were resected without a
morbidity event: eight for attempted cure and three for other reasons. Two patients had minor
morbidity events only: one hospitalization and one nonsurgical intervention. Median OS was 19.9
months (95% CI, 15.0 to 27.2 months).

Conclusion
This trial met its primary end point. Combining mFOLFOX6 with bevacizumab did not result in
an unacceptable rate of obstruction, perforation, bleeding, or death related to IPT. Survival was
not compromised. These patients can be spared initial noncurative resection of their
asymptomatic IPT.

J Clin Oncol 30:3223-3228. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer and is the third leading
cause of cancer death. The American Cancer Society
estimates that 142,570 individuals will have been
diagnosed with CRC in 2010, and 51,370 will die
from it in 2010 in the United States.1 Despite in-
creasing use of CRC screening, 20% of patients with

newly diagnosed CRC present with distant metasta-
ses.2 Patients may present with general symptoms of
malaise, weight loss, or fatigue. Only a minority
have symptoms related to the intact primary tumor
(IPT) in the colon such as bowel obstruction,
tumor perforation, or significant bleeding.3 Among
patients presenting with synchronous distant
metastases, approximately 80% have metastases that
are unresectable for cure. Others are not medically
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fit to tolerate a major hepatectomy, and only a minority of patients
require immediate surgery of the primary or metastatic lesions.

For patients with both unresectable metastatic disease and an
asymptomatic IPT, the initial treatment strategy is controversial.
Initial resection of the primary tumor has been advocated to pre-
vent future complications of colonic obstruction, bleeding, or
perforation.4-6 Recent retrospective series,10-17 however, have sug-
gested that for patients treated with current chemotherapy regi-
mens, the incidence of problems related to the IPT may be only
10% to 20%. Furthermore, the 30-day operative mortality of colon
resection for patients with distant metastases is as high as 10%.11

This high operative mortality rate, likely attributable to increased
disease burden, diminishes enthusiasm for surgical resection as a
prevention strategy. Others advocate for initial surgical resection of
IPT in this setting, suggesting a favorable impact on overall sur-
vival (OS).3

To date, no multicenter, prospective clinical trial has evaluated
the role of systemic chemotherapy with an approved biologic agent as
the initial treatment for patients presenting with unresectable stage IV
colon cancer with an asymptomatic IPT. Irinotecan, fluorouracil, and
leucovorin combined with the anti–vascular endothelial growth factor
(anti-VEGF) monoclonal antibody bevacizumab has demonstrated
an improvement in OS in patients with metastatic CRC.12 Use of
bevacizumab has previously raised concerns of increased risk of tumor
perforation for patients with IPT. The National Surgical Adjuvant
Breast and Bowel Project C-10 (NSABP C-10) trial is a prospective
multicenter phase II trial with the primary objective of determining
the safety of nonoperative management by using fluorouracil, leu-
covorin, and oxaliplatin (FOLFOX) and bevacizumab in patients
presenting with stage IV colon cancer, IPT, and metastases unre-
sectable for cure.

PATIENTS AND METHODS

Objectives

The primary objective of this trial was to determine the rate of major
morbidity resulting from the presence of the IPT in patients treated initially
with FOLFOX plus bevacizumab. Major morbidity was defined as any event
related to the IPT necessitating surgery or resulting in patient death. Specifi-
cally, colonic bleeding, perforation, bowel obstruction, or fistula formation
requiring surgery or resulting in patient death was defined as the primary
end point.

Secondary objectives were to determine the rate of other adverse events
related to the IPT resulting in any intervention such as endoscopic stent
placement, bleeding requiring a transfusion, or any related hospitalization.
Serious adverse events (SAEs) related to systemic chemotherapy were also a
secondary end point, as was OS.

Patients and Eligibility Criteria

Eligible patients were required to have histologically confirmed adeno-
carcinoma of the colon with unresectable metastatic disease. We defined colon
cancer as tumor more than 12 cm from the anal verge. Metastatic disease
burden was considered unresectable for cure by physicians at the participating
center. Patients were required to be asymptomatic from the IPT: no evidence
of bowel obstruction or perforation and no active bleeding requiring a trans-
fusion. Specific colonoscopic criteria for relative degree of obstruction were
not mandated, and obstruction remained on clinical assessment only. Patients
were required to have an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1 and to have adequate bone marrow, renal, and
hepatic function. The protocol was approved by institutional review boards of

all participating centers. All patients provided written informed consent before
study entry.

Exclusion criteria consisted of the following: patients were not per-
mitted to have prior chemotherapy, radiation therapy, or surgery. Patients
with significant cardiac disease, uncontrolled hypertension (� 150/100),
or history of transient ischemic attack (TIA) or stroke within 6 months
were also excluded.

Study Design

This trial was designed as a prospective phase II trial, using a Simon
two-step statistical design with a 0.05 type I error.13 If the true rate of major
morbidity was 25%, this trial design had 85% power to rule out a rate of major
morbidity of 40% or more. We would conclude that the rate of major mor-
bidity was excessive if 10 or more cases of major morbidity were observed in
the first 26 eligible patients or if 26 or more cases of major morbidity were
observed in the first 81 eligible patients.

Statistical Methods

Other than the primary hypothesis test using the Simon procedure, all
remaining analyses used the full cohort of eligible patients with clinical follow-
up. The cumulative incidence of major morbidity was estimated by the
method of Korn and Dorey.14 Competing events for the cumulative incidence
analysis were potentially curative resections of the primary tumor, death due to
causes unrelated to the primary tumor, and other resections of the primary
tumor (neither curative nor in response to symptoms of the primary). The
Kaplan-Meier method was used to estimate survival.15 Median follow-up was
estimated by reverse censoring.16 P values less than .05 were considered signif-
icant and all CIs were 95%.

Treatment

Patients initiated treatment within 3 weeks of study enrollment. Chem-
otherapy consisted of fluorouracil 400 mg/m2 intravenous bolus on day 1,
followed by continuous infusional fluorouracil 2,400 mg/m2 administered
over 46 hours starting on day 1, leucovorin 400 mg/m2 on day 1, and oxalip-
latin 85 mg/m2 on day 1 (modified FOLFOX6 [mFOLFOX6]) combined with
bevacizumab given at 5 mg/kg on day 1, every 14 days. Treatment continued
until excessive toxicity or disease progression. At disease progression, second-
line systemic chemotherapy was at the discretion of the treating oncologist. If,
in response to therapy, both the primary tumor and metastatic sites were
resectable for curative intent, then resection of the primary tumor was allowed.
Discontinuation of bevacizumab was recommended at least 28 days before
elective surgery.

RESULTS

NSABP C-10 used a Simon two-step procedure for the primary test of
hypothesis. The rule for stage I was to continue if nine or fewer cases of
major morbidity were observed in the first 26 eligible patients with
follow-up. We observed four cases of major morbidity, and the trial
continued to stage II. The rule for stage II was to conclude that the rate
of major morbidity was acceptable if 25 or fewer cases of major
morbidity were observed in the first 81 eligible patients with follow-
up. We observed 12 cases of major morbidity in stage II; thus, we
rejected the hypothesis that the rate of major morbidity was 40% or
higher and concluded that the rate of major morbidity was acceptable.

Ninety patients were registered for the study from 29 different
institutions (range, 1 to 10 patients per institution). Three patients
were determined to be ineligible, and one patient had no clinical
follow-up, leaving 86 patients for these analyses. Median follow-up
was 20.7 months. Patient demographic data are presented in Table 1.
Patients were balanced by sex and had a median age of 58 years.

Overall, there were 12 major events related to the IPT, with 10
surgeries for symptoms related to the primary tumor and two patient
deaths attributed to complications of the intact primary, with 10
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(83.3%) of 12 occurring within the first 12 months after study enroll-
ment. Among 10 patients requiring surgery, indications were colonic
obstruction in eight, perforation in one, and abdominal pain in one.
Four surgeries were nonurgent and were performed with the patient
not being treated with bevacizumab; six were urgent. A permanent
ostomy was performed in three patients, and in all three of these, there
were both extensive peritoneal disease and liver metastases. There was
one postoperative death within 30 days among patients undergoing
surgery for a primary end point, for an operative mortality of 10%.
Outcomes for the primary end point of major morbidity are described
in Table 2.

There were two patient deaths in which the IPT was likely a
contributing cause. One patient presented with extensive liver metas-
tases and pulmonary metastases and died after receiving the first cycle
of chemotherapy. This patient presented to the emergency room as
being unresponsive 2 weeks after treatment and was noted to have

retroperitoneal air on an abdominal plain film. This may have repre-
sented a possible perforation at the IPT, and the patient was given
palliative care without surgery. The second patient had both liver and
lung metastases. After the second cycle of chemotherapy, a gastrograf-
fin enema demonstrated bowel obstruction at the site of the IPT.
Computed tomography (CT) imaging demonstrated significant pro-
gression of disease in the liver, and this patient was given palliative care
without surgery. Taking into account competing events, such as pa-
tient death unrelated to the IPT, colon resection for attempted cure (in
combination with metastectomy), and resections for reasons other
than symptoms of the IPT or curative intent, the overall rate of major
morbidity related to the IPT was 16.3% (95% CI, 7.6% to 25.1%) at 24
months (Fig 1).

Complications at the Site of IPT Managed

Without Surgery

Complications of the IPT requiring intervention short of surgery
(minor morbidity) were a secondary end point. Two patients had
minor morbidity events but no major morbidity: one with bowel
obstruction requiring brief hospitalization and one with bowel ob-
struction requiring endoscopic colonic stent placement. Two addi-
tional patients had minor morbidity but also had major morbidity.
Including all patients with major or minor morbidity, a total of 14
patients (16.3% of 86 evaluable) had complications related to the IPT
meeting the definition of either the primary or secondary end point
(local complications; Table 3).

Surgeries Performed on the Primary Tumor With

Curative Intent

In total, eight surgeries were performed with intent to remove the
IPT and all metastatic liver lesions. In three patients, the liver lesions
were found intraoperatively to be unresectable, and resection of the
primary tumor was performed. One patient had removal of the pri-
mary tumor after demonstrating a radiographic complete response in
the liver. Four patients underwent resection of all liver metastases and
the IPT, and for three this was performed as a combined surgery. In

Table 1. Patient Characteristics: NSABP C-10

Characteristic No. %

Registered patients
Registered 90 100.0
Ineligible 3 3.3
With follow-up 89 98.9
Analysis cohort� 86 95.6
Median follow-up, months 20.7 N/A

Eligible patients with follow-up
Age, years

� 59 46 53.5
� 60 40 46.5
Median 58

Sex
Male 41 47.7
Female 45 52.3

Race
White 69 80.2
Black 10 11.6
Asian 5 5.8
Native American 2 2.3

ECOG performance status
0 56 65.1
1 30 34.9

Abbreviations: ECOG, Eastern Cooperative Oncology Group; N/A, not applicable;
NSABP, National Surgical Adjuvant Breast and Bowel Project.

�Eligible and with follow-up data.

Table 2. Outcomes for the Primary End Point of Major Morbidity

Category No. %

Component events for major morbidity
Surgery for symptoms of primary tumor 10 11.6
Death with symptoms of primary tumor 2 2.3

Total with major morbidity 12 14.0
Attempted curative resection, primary tumor resected 8 9.3
Primary tumor resected for other reasons 3 3.5
Patient died with intact primary tumor 28 32.6
Patient alive at last follow-up with intact primary 35 40.7
Total 86 100.0
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Fig 1. Cumulative incidence of major morbidity and competing events: National
Surgical Adjuvant Breast and Bowel Project C-10 trial.
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two of the three combined resections, the patients died of postopera-
tive complications. One patient underwent a successful staged resec-
tion. In summary, three patients underwent successful resections of
both the primary colon tumor and liver metastases without postoper-
ative mortality.

SAEs Related to Chemotherapy

There were four deaths on this study possibly related to chemo-
therapy; they include chemotherapy-induced diarrhea, reversible
posterior leukoencephalopathy syndrome, sudden death, and non-
neutropenic sepsis. Four additional deaths met reporting require-
ments for SAEs (death within 3 months of study therapy) but were
determined to be unrelated to protocol therapy by central review
(Table 3). Six patients had grade 4 SAEs, which included infection with
or without neutropenia, thromboembolic events, neuropathy, diar-
rhea, or dehydration. The median number of cycles of mFOLFOX6
plus bevacizumab for patients not having a morbidity event was 11.

Median OS

After a median follow-up of 20.4 months at the time of analysis,
the median OS was 19.9 months (95% CI, 15.0 to 27.2 months). The
Kaplan-Meier estimates of survival are given in Figure 2.

DISCUSSION

The challenges of managing unresectable metastatic colon cancer in
the setting of an asymptomatic IPT have been an area of intense debate
for the last decade.17,18 Clinicians and patients are faced with a deci-
sion requiring a careful balance of the following key issue: Is initiating
systemic treatment for metastatic disease of greater importance than
removal of the primary colon cancer? For patients presenting with
symptoms related to the IPT, the decision to resect the IPT is straight-
forward. For the majority of patients, however, the IPT is asymptom-
atic, and a careful evaluation of the goal of noncurative colon resection
is necessary. Arguments by medical oncologists and surgeons for ini-
tial removal of the IPT have been if the tumor obstructs, bleeds, or

perforates, then urgent surgery is required while the patient is being
given systemic chemotherapy.2-4 In the last decade, two more ex-
tremely important issues have surfaced that also need to be consid-
ered. The first is the increasing evidence that colon resection in this
clinical setting carries a 10% 30-day mortality rate, significantly higher
than colon resection in the nonmetastatic setting.11,19-21 In this study,
the comparable mortality of the initial nonoperative approach is three
(3.5%) of 86, which includes the two primary end point deaths as well
as the single postoperative death following surgery for a primary that
became symptomatic. Second, increasingly effective systemic chemo-
therapy has improved response rates both at the metastatic sites and at
the IPT. One recent small series22 of patients with metastatic CRC and
an IPT documented endoscopic tumor response of the colon tu-
mor in essentially all patients treated with modern three-agent
chemotherapy. Another series23 evaluating tumor responses of the
metastatic lesions and the IPT noted a 65% response rate of the IPT. We
did not measure primary tumor response in our study, so we cannot
comment on how our series compares with these prior reports.

NSABP C-10 was designed to evaluate the safety of systemic
chemotherapy (mFOLFOX6) combined with bevacizumab for pa-
tients with an asymptomatic IPT and unresectable distant metastases.
To the best of our knowledge, this is the only prospective multicenter
study to address this clinical dilemma. We identified that 86% of
patients on this study did not develop symptoms from the IPT that
required surgery or problems related to the IPT resulting in death. Of
the 10 surgeries performed for symptoms related to the IPT, only four
(4.7%) were urgent among all 86 patients, and only three patients
(3.5%) required permanent ostomies. Three other colon resections
were performed for enrolled patients. One patient had an ileostomy
for a small bowel obstruction secondary to diffuse omental and peri-
toneal disease who, after a near-complete peritoneal response to treat-
ment, had the ileostomy reversed and IPT removed electively. A
second patient underwent resection of an asymptomatic IPT when CT
imaging demonstrated disease progression in the liver and perito-
neum. The third patient had disease progression in the liver and
underwent resection of an asymptomatic IPT at the time of hepatic
pump placement.

In our analysis of competing events, we accounted for primary
tumors removed for both curative intent and for other reasons. At 24
months, the probability of major morbidity related to the IPT was

Table 3. Local Complications and SAEs

Category No. %

Component events for local complications
Minor morbidity only 2 2.3
Minor and major morbidity 2 2.3
Major morbidity only 10 11.6

Total local complications 14 16.3
Patients without local complication (no morbidity) 72 83.7
Component events for SAEs

Grade 5, fatal 8� 9.3
Grade 4, life threatening 6 7.0
Grade 3, serious 13 15.1

Total SAEs 27 31.4
Patients without SAEs 59 68.6
Total 86 100.0

Abbreviation: SAE, serious adverse event.
�Four were directly related to chemotherapy, four were unrelated (two died

within 3 months of completing therapy from postoperative sepsis after
curative resection, one from pain and anorexia, one from progressive chronic
obstructive pulmonary disease).
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Fig 2. Kaplan-Meier estimates of overall survival with 95% CIs: National Surgical
Adjuvant Breast and Bowel Project C-10 trial.
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16.3% (95% CI, 7.6% to 25.1%). We prospectively defined a major
complication rate of 25% as acceptable on the basis of prior retrospec-
tive reports advocating for an initial nonoperative approach. Those
studies6,8,10 reported events related to IPT ranging from 9% to 29%,
with obstruction at 10% to 20%, and bleeding and perforation at less
than 5%. Therefore, 75% of patients with advanced stage IV colon
cancer would avoid a major noncurative resection of the IPT. In the
setting of unresectable metastatic disease, maintaining quality of life
and extending OS are of greatest importance. We considered the
alternative approach of initial major surgery for resection of the colon
primary with attendant discomfort, recovery time delaying systemic
therapy, postoperative morbidity reported in the 30% to 50% range,
ostomy rates as high as 24%, and surgical mortality rates of 10% as an
important opportunity to identify a better standard of care.2,4,11,20

Importantly, we identified perforation of the IPT as a relatively
rare event that should dispel a widespread and persistent reluctance to
use bevacizumab in the setting of an IPT. We identified only two cases
of perforation. One patient with extensive metastatic disease had a
suspected perforation and died without surgery. In the second patient,
a chronic perforation with a contained abscess permitted nonurgent
surgery after holding bevacizumab for 4 weeks before surgery. Al-
though neither a defined primary nor a secondary objective of the
study, 9.3% of patients had sufficient response of their metastatic
disease to attempt curative resection, although successful curative resec-
tion of both the IPT and all metastases was rare (3.5%). Interestingly, this
matches the rate of subsequent metastectomy (3%) identified by Temple
etal11 intheirSEER-Medicare–linkeddatabasestudy.Thelowconversion
rate to resectability in our series likely reflects our entry criteria of the
metastases being initially unresectable for cure as well as a considerable
number of patients with multisite metastases. We believe this further
supportsinitialsystemicchemotherapyasthebestoptionforpatientswith
unresectable metastatic disease and an asymptomatic IPT.

Our study, like others, identified bowel obstruction as the most
commonclinicaleventrelatedtotheIPT.Intotal,obstructionoccurredin
11 patients (eight required surgery, one contributed to patient death, one
required stent placement, and one hospitalization was managed without
intervention). Overall, this study identified that an initial nonoperative
approach,usingmFOLFOX6combinedwithbevacizumabisaviableand
safe option for patients faced with the dilemma of advanced, likely incur-
able colon cancer. The majority of patients (84%) were able to receive
initial systemic therapy to better control distant disease and to avoid

potential delays and complications or death related to initial surgical
resection without compromising OS. This treatment approach allows
patients to receive systemic therapy for widely metastatic disease earlier in
their treatment. It does not entirely preclude future surgical resection, but
itavoidsinitialsurgeryforthevastmajority.Arandomizedcontrolledtrial
tofurtherexplorethiscontroversywouldbechallengedbythedifficultyof
randomly assigning patients with unresectable metastases to noncurative
major colon surgery. We believe this approach of primary systemic treat-
ment with expectant observation of the IPT should define a new standard
of care.
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