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A B S T R A C T

Purpose
Prior trials have shown that surgery followed by hepatic artery infusion (HAI) of floxuridine (FUDR)
alternating with systemic fluorouracil improves survival rates. Oxaliplatin combined with capecit-
abine has demonstrated activity in advanced colorectal cancer. Based on this observation a trial
was conducted to assess the potential benefit of systemic oxaliplatin and capecitabine alternating
with HAI of FUDR. The primary end point was 2-year survival.

Patients and Methods
Patients with liver-only metastases from colorectal cancer amenable to resection or cryoablation
were eligible. HAI and systemic therapy was initiated after metastasectomy. Alternating courses
of HAI consisted of 0.2 mg/m2/d FUDR and dexamethasone, day 1 through 14 weeks 1 and 2.
Systemic therapy included oxaliplatin 130 mg/m2 day 1 with capecitabine at 1,000 mg/m2 twice
daily, days 1 through 14, weeks 4 and 5. Two additional 3-week courses of systemic therapy were
given. Capecitabine was reduced to 850 mg/m2 twice daily after interim review of toxicity.

Results
Fifty-five of 76 eligible patients were able to initiate protocol-directed therapy and completed
median of six cycles (range, one to six). Three postoperative or treatment-related deaths were
reported. Overall, 88% of evaluable patients were alive at 2 years. With a median follow-up of 4.8
years, a total of 30 patients have had disease recurrence, 11 involving the liver. Median
disease-free survival was 32.7 months.

Conclusion
Alternating HAI of FUDR and systemic capecitabine and oxaliplatin met the prespecified end point
of higher than 85% survival at 2 years and was clinically tolerable. However, the merits of this
approach need to be established with a phase III trial.

J Clin Oncol 28:853-858. © 2010 by American Society of Clinical Oncology

INTRODUCTION

In patients with liver-only metastases from colorec-
tal cancer, approximately 15% to 25% will have ini-
tially resectable disease.1 Consideration of resection
in this setting is supported by a growing body of
literature. With more than 50 years of case series, it is
now quite evident that surgery provides an oppor-
tunity for long-term survival.2,3 When used alone
survival after surgical resection is estimated to be
30% at 5 years and 20% at 10 years.4-6 Despite this
success the liver is the most common site of recur-
rence after metastasectomy.7

Given the high rate of liver recurrence there
has been interest in the use of regional chemothera-
py after surgical resection as one method of provid-
ing adjuvant treatment. Several trials evaluating
hepatic artery infusion (HAI) therapy after resection
have reported an improved survival as well as a de-
crease in hepatic recurrence compared to patients
receiving systemic fluorouracil therapy. In a trial
from Memorial Sloan-Kettering Cancer Center
(MSKCC), patients were randomly assigned to sys-
temic chemotherapy alone versus systemic chemo-
therapy combined with HAI floxuridine (FUDR).8,9

A significant benefit was seen in patients receiving
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combined therapy. The median survival in the group receiving com-
bined therapy was 72.2 months compared to 59.3 months for those
receiving systemic therapy alone. At 2 years the rate of survival free of
hepatic recurrence was 90% in the combined therapy group compared
to 60% in the systemic therapy only group (P � .001). However,
recurrence outside the liver appeared similar in both groups. In a
separate trial, patients with two to four resected hepatic metastases
were randomized to resection alone versus HAI FUDR combined with
systemic infusional fluorouracil (FU).10 This trial also showed a
marked decrease in hepatic recurrence with HAI as well as a significant
improvement in recurrence-free survival.

Based on these observations a phase II trial was undertaken to
assess the feasibility and potential benefit of using a more active sys-
temic therapy combination, consisting of capecitabine and oxalipla-
tin, together with HAI FUDR.

PATIENTS AND METHODS

Eligibility Criteria

Patients were potentially eligible for participation in the trial if they had
either a previously resected colon or rectal cancer or presented with potentially
resectable synchronous colon or rectal cancer with metastases limited to the
liver. The liver metastases were required to be potentially resectable as deter-
mined by a surgeon with experience in liver surgery. Cryoablation was allowed
as an alternative to surgical resection and radiofrequency ablation as an ad-
junct to surgical resection. Prior resection of liver metastases was permitted if
intraoperative ultrasound had not been used. However, prior resection of
extra-hepatic metastases was not permitted.

Patients were required to be at least 18 years and to have an Eastern
Cooperative Oncology Group performance score of 0 to 1. Hematologic and
chemistry parameters were to be in acceptable ranges including: absolute
neutrophil count � 1.2 � 109/L, direct bilirubin � 1.5 times the institutional
upper normal limit (UNL), AST � 2.5 times the UNL, consistent with values
used in previously published trials.8,10 The creatinine needed to be at or below
the upper limit of normal. If the creatinine was above the UNL then a mea-
sured creatinine clearance of higher than 60 mL/min/1.73 m2 was required.

Patients were allowed to have prior adjuvant therapy with FU with or
without irinotecan, leucovorin, or levamisole, but not capecitabine or oxali-
platin. Prior adjuvant or neoadjuvant radiation for rectal cancer was allowed.
Prior use of HAI therapy was not permitted.

This trial was approved by the Mayo institutional review board (IRB) and
the IRBs of the participating institutions. A signed written informed consent
was obtained from all patients before initiating therapy. Adverse events were
monitored by the IRB and a data safety monitoring board, in accord with
Mayo policy.

Treatment

At the time of surgery, multiple wedge resections or a combination of
lobectomy or segmentectomy with wedge resections was permissible. Intraop-
erative ultrasound of the liver was recommended before resection, but not
required. It was expected that all metastatic lesions identified by preoperative
computed tomography (CT) scan and that found by intraoperative palpation
or intraoperative ultrasound would be resected unless otherwise contraindi-
cated. Radiofrequency ablation (RFA) was not allowed to be used as the sole
modality for surgical ablation of all metastatic lesions, but could be used in
conjunction with resection. In general, it was recommended that RFA be
reserved for situations in which the planned surgical approach would be
significantly altered (eg, a trisegmentectomy in place of a lobectomy) without
the use of RFA. Cryoablation was allowed as the sole modality of treatment.

In patients who were found to have anatomy appropriate for placement
of a HAI catheter, it was recommended that all side branches distal to the site of
catheter placement should be ligated and divided to prevent misperfusion of
the distal stomach and proximal duodenum and therefore lessen the risk for
chemical gastritis and duodenitis. It was also recommended that ligation of
side branches proximally along the common hepatic artery to the celiac axis
should also be done to prevent back flow of chemotherapy and perfusion of the
upper gastrointestinal tract. To prevent chemical cholecystitis, a cholecystec-
tomy was advised. Once the catheter was in place, intraoperative assessment of
perfusion was required by infusion of 5 mL of fluorescein via the catheter or
port. Postoperatively, a technetium sulfur colloid radionuclide liver scan was
required to assess liver perfusion.

After recovery from surgery, the planned chemotherapy treatment was
started as outlined in Table 1. FUDR was held if a grade 1 or 2 adverse event
(National Cancer Institute Common Toxicity Criteria version 2) felt to be
related to the FUDR occurred. In the event of FUDR adverse event, treatment
was discontinued until there had been clinical resolution of adverse event,
return of direct bilirubin to � 1.5 � UNL, and return of AST and alkaline
phosphatase to � 2.5 � UNL. If those criteria were not met within 4 weeks of
onset of FUDR adverse event, FUDR was permanently discontinued. The
FUDR dose was reduced if moderate chemical hepatitis or evidence of gas-
troduodenitis was noted. Dose reduction was based on the most abnormal
liver function tests during the preceding treatment cycle. FUDR administra-
tion was permanently discontinued if severe chemical hepatitis or biliary
stricture was noted.

Table 1. Protocol Directed HAI and Systemic Therapy After Resection of Colorectal Liver Metastases

Type and Agent Dose Route Week(s) of Cycle Day(s) of Week of Cycle Rest Week ReRx

Cycles 1-4
HAI

FUDR 0.2 mg/kg/d HAI continuous 1-2 1-14 3 Every 6 weeks
DXM 1 mg/24 h Added to FUDR 2-week infusion
Heparin 1,000 U/24 h Added to FUDR 2-week infusion

Systemic therapy
OXAL 130 mg/m2 IV over 2 hours 4-5 1 6
CAPCIT 1,700 mg/m2/d� PO BID, given in the morning and evening 1-14

Cycles 5-6
Systemic therapy

OXAL 130 mg/m2 IV over 2 h 1-2 1 3 Every 3 weeks
CAPCIT 1,700 mg/m2/d� PO BID, given in the morning and evening 1-14

Abbreviations: HAI, hepatic artery infusion; FUDR, floxuridine; DXM, dexamethasone; OXAL, oxaliplatin; CAPCIT, capecitabine; IV, intravenous; PO, orally; BID,
twice per day.

�The first 32 patients enrolled received 2,000 mg/m2/day.
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Evaluation, Disease Assessment, and Follow-Up

Once chemotherapy was started, patients were seen at the start of each
cycle of treatment. A CBC and chemistries were obtained weekly during
treatment and at the start of each cycle of therapy. A CT scan was obtained
following the completion of FUDR and then every 3 months for 1 year after the
completion of all planned therapy. CT scans were then obtained every 6
months until 2.5 years from the end of therapy. Patients experiencing disease
progression were followed every 6 months, until 5 years postregistration
or death.

Definitions of Key End Points

Time to recurrence (ie, disease-free interval) was defined as the time
from surgery to documentation of disease recurrence. If a patient died without
a documentation of disease recurrence, the patient was considered to have had
a recurrence of their disease at the time of their death unless there was sufficient
documented evidence to conclude recurrence did not occur before death. In
the case of a patient never returning for any evaluations postsurgery, the
patient was censored and counted as a recurrence on day 1, postsurgery.
Disease-free survival was calculated as the time from registration to death or
recurrence, whichever was earlier. Hepatic disease-free survival was calculated
at the time from registration to death or hepatic recurrence, whichever was
earlier. Survival was defined as the time from registration to death as a result of
any cause. Patients lost to follow-up were censored for these end points at the
date of last contact (or disease assessment), as applicable.

Statistical Considerations

The primary end point of this trial was 2-year survival where success was
defined as an evaluable patient living at least 2 years from the date of surgery.
Since 2-year survival was expected to be 70% in patients with multiple hepatic
metastases who underwent surgical resection without adjuvant chemothera-
py, the aggressive combined modality treatment outlined in this protocol was
considered clinically beneficial if the 2-year survival was at least 85%. Hence,
the null hypothesis (Ho) tested that the true success proportion was at most
70% (ie, Ho: P � .70) versus the alternative hypothesis (Ha) that the true
success proportion was at least 85% (ie, Ha: P � .85). This hypothesis required
a total of 45 eligible patients who initiated protocol directed therapy and were
observed for 2.5 years. A single-stage, phase II design with a significance level of
.09 and power of 87% for detecting a true-success proportion of 85% was used.
CIs for the estimate of the primary end point were calculated via the method of
Duffy and Santner.11

The percent of targeted dose administered to each patient for a given
cycle was calculated as the total dose administered divided by the protocol-
specified dose targeted for the cycle. Patterns of treatment failure and toxicity,
including complications associated with the intra-arterial catheter, were sum-
marized. Summary statistics (eg, mean, median, standard deviation) and
graphical methods were used to display continuous variables. Frequency tables
with �2 and Fisher’s exact tests were used to explore the relationships between
dichotomous variables. The distributions of time to recurrence, time to he-
patic recurrence, disease-free survival, hepatic disease-free survival, and sur-
vival were estimated using the Kaplan-Meier method.12 Cox proportional
hazards models were used to explore the associations of covariates with time to
event end points. The statistical package used to perform analyses was SAS,
version 9.0 (SAS Institute, Cary, NC).

RESULTS

Patient Enrollment

A total of 123 patients were preregistered and proceeded to sur-
gery. Of those patients, 47 were not able to start the planned therapy
for reasons including unresectable disease (n � 13), positive margins
(n � 9), and extrahepatic disease (n � 8). The remaining 76 patients,
registered by 25 sites, achieved complete surgical resection of their
disease (71 resected, four cryoablation, 12 RFA), placement of a cath-
eter, and proceeded to enrollment. However, 21 of 76 patients were
unable to begin planned therapy because of elevated liver function

tests (n � 2), disease progression (n � 1), deaths felt not to be
surgically related (n � 2), death due to surgical complications (n � 1),
declared ineligible after surgery was completed (n � 3), or other
reasons (n � 12). Two deaths occurred between surgery and treat-
ment because of renal failure and myocardial infarction with a
pulmonary embolism. Therefore, only 55 (45%) of 123 patients
initiated protocol-directed therapy within the planned 21 to 56
days of metastasectomy.

Between February 22, 2002, and April 8, 2005, a total of 55
patients initiated protocol-directed therapy (Table 2). Early during the
course of the trial, the North Central Cancer Treatment Group real-
time toxicity monitoring program13 prompted a review of adverse
event data based on the rate of grade 3 to 4 toxicity exceeding what
was considered acceptable. In particular, 47% of patients had grade
3 capecitabine-induced diarrhea, as compared with 22% in a prior

Table 2. Characteristics of Patients Initiating Post-Operative
Protocol-Directed Therapy

Characteristic

Capecitabine (mg/m2/d)

P

2,000 1,700

No. % No. %

No. of patients 32 23
Age 55 60 .42

Range 34-79 41-69
No. of hepatic metastases

Median resected 1 1 .07
Range 0-7 0-3

Median cryoablated 0 0 .23
Range 0-1

Median RFA 0 0 .92
Range 0-2 0-1

Race .82
African American 2 6 1 4
Native Hawaiian/Pacific Islander 1 3 1 4
White 27 87 21 92
Not reported 1 3 0 0

Sex .25
Female 9 28 11 48
Male 22 69 12 52
Not reported 1 3 0 0

Performance score .85
0 21 68 15 65
1 10 32 8 35

Anomalous hepatic arterial
circulation .65

Yes 7 22 6 27
No 25 78 16 73

Postoperative complications .70
Yes 4 13 2 9
No 28 88 20 91

Complications related to catheter
or pump .14

Yes 3 9 0 0
No 29 91 22 100

Extent of metastases .55
Bilobar 8 25 5 22
� 2 unilobar 9 28 4 17
Single 15 47 14 51

Abbreviation: RFA, radiofrequency ablation.
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NCCTG trial using HAI FUDR alone.14 For the remainder of the trial,
the dose for capecitabine was reduced to 1,700 mg/m2/d.

Outcome

With a median follow-up of 4.8 years a total of 30 patients (55%)
have had disease recurrence, 11 involving the liver, meaning that 44
patients (80%) had control of their liver. Median time to recurrence is
2.7 years (95% CI, 1.7 to upper limit not reached). At 2 years after
surgery, 88% of patients were still alive, exceeding the preset level of
success. Table 3 presents the Kaplan-Meier estimates of time to recur-
rence, disease-free survival, hepatic disease-free survival, and survival,
at various time points of interest. A total of 18 patients have died.
Median overall survival (Fig 1) has not been reached (95% CI, 5.0 to
upper limit not reached).

Adverse Events

Thirty-two of 55 evaluable patients experienced at least one grade
3 adverse event (National Cancer Institute Common Toxicity Criteria,
version 2.0) considered at least possibly related to study treatment
(Table 4). No treatment-related fatalities were reported at either cape-
citabine dose level.

Fourteen patients experienced a complication related to their
HAI catheter or pump. Ten patients were able to receive HAI therapy,
but experienced catheter occlusion (n � 6), pump malfunction (n �
3), infection (n � 1), or other problems (n � 7) that did not interfere
with the protocol-directed therapy. Four patients were unable to re-

ceive therapy because of infection, catheter occlusion, catheter mal-
function, and an unspecified reason.

Dose Intensity

At the initial dose of capecitabine (2,000 mg/m2/d) patients re-
ceived a median of 6 cycles of treatment (range, 1 to 6). Reasons for
prematurely discontinuing protocol directed therapy included refusal
(n � 5), adverse events (n � 4), disease recurrence (n � 4), and other
reasons (n � 2). By the end of the 4 cycles of FUDR, patients were
receiving 75% of their targeted dose of FUDR. Patients received an
average of 78% to 84% of their targeted capecitabine dose and 75% to

Table 3. Outcome of Patients Initiating Post-Operative Protocol-Directed
Therapy (N � 55)

Event Type Estimate�

Recurrence (any)
Events 30
Median, months 32.7
2 years† 59.7

95% CI 48.0 to 74.3
Hepatic recurrence

Events 11
Median, months Did not reach median
2 years 80.5

69.7 to 92.9
Disease-free survival

Events 30
Median, months 32.7
2 years 59.7

95% CI 48.0 to 74.3
Hepatic disease-free survival

Events 20
Median, months Did not reach median
2 years 75.5

64.7 to 88.1
Survival

Events 18
Median, months Did not reach median
1 year 92.7

95% CI 86.1 to 99.9
2 years 89.1

95% CI 81.2 to 97.7

�Kaplan-Meier methodology.
†Estimate of event-free rate at specified time point.
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Fig 1. Overall survival in patients initiating protocol-directed post-operative
therapy. HAI, hepatic artery infusion; Sys, systemic therapy.

Table 4. Summary of Serious Adverse Events (n � 54 patients)

Grade 3� Adverse Event (National
Cancer Institute Common
Toxicity Criteria version 2)

No. for Capecitabine Dose Level
(mg/m2/d)

2,000 (n � 32) 1,700 (n � 23)

Hematologic
Neutropenia 1 0
Thrombocytopenia 0 0

Hepatic
AST 1 4
Bilirubin 2 1
Alkaline phosphatase 1 1
ALT 3 6

Gastrointestinal
Abdominal pain 6 1
Nausea 6 2
Vomiting 7 3
Diarrhea 11 4

Neurologic
Paresthesia 6 4
Laryngeal dysesthesia 1 0
Neuro/sensory 0 1
Pulmonary
Dyspnea 1 2

Constitutional
Fatigue 5 1
Dermatology/skin
Hand/foot 1 0

�Events reported at least possibly related to study treatment.
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100% of their oxaliplatin dose. Oxaliplatin dose levels (ie, 130 mg/m2)
were generally sustained throughout trial participation, with a few
25% reductions occurring near the final course of treatment. The most
common reason for oxaliplatin dose adjustment was neurotoxicity
(11 of 137 cycles). Capecitabine was most often adjusted due to diar-
rhea (11 of 137 cycles). Delays were rare, happening in only 10 cycles.

At the reduced dose of capecitabine (1,700 mg/m2/d) patients
received a median of 6 cycles of treatment (range, 2 to 6). Reasons for
premature discontinuation of treatment included adverse events
(n � 1), alternative treatment (n � 1), and other reasons (n � 1). By
the fourth cycle of treatment, patients were receiving 79% of the
targeted dose for FUDR (Table 3). Patients received an average of 88%
to 96% of their targeted capecitabine dose and 93% to 100% of their
oxaliplatin dose during treatment, with the exception of oxaliplatin at
cycle 6 (74%). Dose levels of oxaliplatin stabilized at 98% of targeted
dose, at cycle 2. The most common reason for oxaliplatin dose
adjustment was neurotoxicity (five of 132 cycles). Capecitabine was
most often adjusted due to diarrhea (three of 132 cycles). Delays were
more common, happening in 17 cycles and most often because of
hematologic toxicity.

DISCUSSION

Recent advances in chemotherapy for metastatic colorectal cancer
with the introduction of oxaliplatin and irinotecan have led to higher
response rates and improvements in overall survival. Given the poten-
tial promising results of HAI FUDR and systemic FU after resection of
liver-only metastases from colorectal cancer, we undertook a phase II
clinical trial to assess the potential benefit of a more active systemic
chemotherapy regimen consisting of capecitabine and oxaliplatin al-
ternating with HAI FUDR. In a randomized phase III trial, the com-
bination of capecitabine and oxaliplatin in the first-line setting has
provided a 19.8-month median overall survival, equivalent to that
seen with FOLFOX.15

Two randomized trials from North America of HAI FUDR alter-
nating with systemic FU have been reported and are available for
comparison.8-10 Of the patients that started protocol-directed therapy
in our trial 88% were alive at 2 years, exceeding the planned level of
success for this trial. This compares to an 86% 2-year survival with
HAI FUDR and systemic FU in the single institution trial reported
from MSKCC. Median overall survival in our trial has not been
reached compared to 72.2 months in long-term follow-up reported
for the MSKCC trial and 63.7 months in the Eastern Cooperative
Oncology Group/Southwest Oncology Group trial.

In our trial the 2-year disease-free survival rate was 59.7% com-
pared with 57% in the MSKCC trial. The hepatic disease-free survival
rate in our trial, however, was lower than that seen in the MSKCC trial
(75.5% v 90%). The reason for the higher rate of hepatic recurrence in
our trial is unclear. Possibilities would include inability to give planned
therapy, inadequate resection of liver metastases, antagonistic interac-
tion between HAI FUDR and systemic capecitabine/oxaliplatin, inad-
equate dose of capecitabine in patients receiving the reduced dose,
improved methods of detection (positron emission tomography scan-
ning and widespread use of specific liver CT scanning for metastatic
disease protocols), or a higher risk population. The latter possible
explanation does not appear to apply. The median number of liver

metastases resected in this trial appeared comparable to that of the
other reported adjuvant trials, including the MSKCC trial.

The ability to give the planned course of therapy and the fre-
quency of adverse events were clinically acceptable. Overall the
protocol-directed therapy was well-tolerated with 67% of patients
receiving all 6 cycles of therapy. At the initial dose of capecitabine
approximately 75% of patients received the planned dose whereas at
the reduced dose nearly 100% of patients received the planned dose.
Although our trial used a higher dose of FUDR than that given in the
MSKCC trial, 80% of patients received the planned 4 cycles of FUDR.
Furthermore, a median of 77% the planned dose was given to patients
receiving the fourth cycle of FUDR. The ability to deliver FUDR and
the limited amount of any long-term associated biliary or hepatic
toxicity from FUDR therefore does not appear to indicate any syner-
gistic toxicity between HAI FUDR and systemic capecitabine and
oxaliplatin as measured by the ability to give the planned therapy on
schedule and at the planned dose.

Given the phase II nature of this trial, the benefit of adding HAI
FUDR to systemic capecitabine and oxaliplatin for this patient popu-
lation remains unclear. An attempt was made to make a formal com-
parison in the phase III trial NSABP C-09 in which patients were
randomly assigned between capecitabine and oxaliplatin with or with-
out HAI FUDR. However, this trial closed early given difficulties with
adequate accrual, likely related to a marked decline in the use of HAI
FUDR in the United States. Given this difficulty it is unlikely that any
future formal phase III comparison will be made between multidrug
systemic therapy with or without FUDR.

In conclusion, this phase II trial showed that therapy with sys-
temic oxaliplatin and capecitabine alternating with HAI FUDR can be
safely given. Given the improvement in systemic therapy for meta-
static colorectal cancer and the decline in use of HAI FUDR in the
United States other approaches need to be investigated such as the use
of biologic agents as a component of systemic therapy without
HAI FUDR.
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