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Objectives: Controversy surrounds the management of patients with
locally advanced rectal cancer with synchronous resectable liver
metastases (LMs). This study was designed to improve both systemic
and local control in these patients.

Methods: Patients with locally advanced rectal cancer (cT3-4N0 or
cTanyN1-2) and synchronous resectable liver-limited metastases
(cM1a) were randomly assigned to receive either preoperative treat-
ments of induction CapeOx, followed by chemoradiotherapy with
CapeOx (CapeOx-RT) (arm A) or CapeOx-RT alone (arm B). Induc-
tion CapeOx consisted of oxaliplatin 130 mg/m2 on day 1 and cape-
citabine 1000 mg/m2 twice daily on days 1 to 14, every 3 weeks for 2
cycles; CapeOx-RT consisted of radiotherapy with 45 Gy/25 daily
fractions ± 5.4 Gy/3 fractions, oxaliplatin 50 mg/m2 weekly for 5
weeks, and capecitabine 825 mg/m2 twice daily on days 1 to 38. Total
mesorectal excision and simultaneous liver metastasectomy were

planned within 6 weeks after completion of preoperative treatments.
The primary endpoint was R0 resection rate of both the primary tumor
and LMs.

Results: Thirty-eight patients were randomly assigned to the present
study, 18 to arm A and 20 to arm B. The overall R0 resection rate for
both the primary tumor and LMs was 77.8% in arm A and 70.0% in
arm B (P = 0.72). The median progression-free survival was 14.2
versus 15.1 months (P = 0.422) and the 3-year overall survival rate was
75.0% versus 88.8% (P = 0.29), respectively.

Conclusions: Both treatment strategies showed considerable R0
resection rates; however, further study will be warranted to apply these
intensified strategies in clinical practice.
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Colorectal cancer is the third most common cancer and the
fourth leading cause of cancer-related death worldwide,

with rectal cancer representing about 40% of cases.1 Between
15% and 20% of patients have synchronous liver metastasis
(LM) at the time of diagnosis.2,3 It has been reported that 10%
to 30% of these patients have a potentially resectable disease,
and surgical resection of both the primary tumor and LM may
be curative.4

Current treatment options for colon cancer with resect-
able synchronous LM are simultaneous or staged surgical
resection of the primary tumor and LM with perioperative
chemotherapy.5 However, management of rectal cancer in this
setting is more complicated, because radiotherapy should be
considered for local control, especially in locally advanced
rectal cancer (LARC). Current treatment options for these
patients are preoperative chemoradiotherapy, followed by
surgery and adjuvant chemotherapy, with or without induction
chemotherapy. One other option is surgery followed by post-
operative chemoradiotherapy.6 However, these treatment
guidelines are mainly based on retrospective studies and there
have been no prospective trials for the treatment of this group
of patients.

After curative-intent resection of the primary tumor and
LM in patients with colorectal cancer with synchronous LM,
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recurrences have been reported in up to two thirds of patients,
resulting in a poor 5-year survival rate of approximately
40%.4,7 Recurrences mostly occur at distant sites, probably due
to the presence of micrometastases at the time of surgery.
Therefore, further improvements in the survival outcome will
require integration of more effective systemic chemotherapy
into the multimodality therapy.

In an effort to improve the survival outcome of LARC
patients, Rodel et al8 demonstrated that the addition of oxali-
platin to standard preoperative fluorouracil-based chemo-
radiotherapy was feasible and increased the number of patients
achieving a pathologic complete response (pCR). In addition, a
number of studies showed that induction chemotherapy with
capecitabine and oxaliplatin before preoperative chemo-
radiotherapy improved exposure to systemic treatment with
acceptable toxicity and compliance.9–11

Our present multicenter randomized phase II study was
conducted to evaluate the efficacy, tolerability, and feasibility
of the addition of oxaliplatin to a preoperative chemo-
radiotherapy regimen (CapeOx-RT), with or without induction
chemotherapy also composed of capecitabine and oxaliplatin
(induction CapeOx), in LARC patients with resectable LM.

MATERIALS AND METHODS

Patient Population
The eligibility criteria included an age above 20 years and

histopathologically confirmed rectal adenocarcinoma, with an
inferior tumor border within 12 cm from the anal verge. The
tumor had to be confirmed as cT3-4 or cN + disease on the basis
of rectal magnetic resonance imaging (MRI) and judged to be
resectable or expected to be resectable after chemoradiotherapy
by a multidisciplinary team. All patients underwent liver MRI
and positron emission tomography to assess the exact number of
LMs and to exclude extrahepatic metastasis. Metastatic liver
lesions had to be resectable according to the following criteria:
(1) r5 in number; (2) no invasion of major vessels; (3) con-
sidered resectable with respect to their distribution by a multi-
disciplinary team; and (4) expected to maintain adequate liver
function after the surgery. Additional inclusion criteria were
Eastern Cooperative Oncology Group (ECOG) performance
status r2, no prior chemotherapy or radiation therapy, and
adequate bone marrow, liver, and renal function. We excluded
patients with adenocarcinoma arising from inflammatory bowel
disease, extrahepatic distant metastasis, synchronous unresected
colon cancer, intestinal obstruction or risk of intestinal obstruc-
tion, clinically significant cardiovascular disease, or other can-
cers diagnosed within 5 years. Pregnant or breast-feeding women
were also excluded. All patients provided written informed
consent and the study protocol was approved by the institutional
review boards of the participating institutions. This trial is reg-
istered with ClinicalTrials.gov, number NCT 01643070.

Randomization and Treatment
This was a prospective, multicenter, randomized phase 2

study, and patients were randomly allocated in a 1:1 ratio to
either preoperative treatments of induction CapeOx followed
by CapeOx-RT (arm A) or CapeOx-RT alone (arm B) using
the allocation table of the stratified randomized design derived
from the number of LMs and the carcinoembryonic antigen
level. Induction CapeOx consisted of oxaliplatin 130 mg/m2 on
day 1 and capecitabine 1000 mg/m2 twice daily on days 1 to
14, every 3 weeks for 2 cycles. CapeOx-RT consisted of
radiation therapy with 45 Gy delivered in conventional frac-
tionation (daily fractions of 1.8 Gy over a period of

approximately 5 wk, excluding weekends) with or without
additional 5.4 Gy delivery in daily fractions of 1.8 Gy over 3
days, oxaliplatin 50 mg/m2 weekly for 5 weeks, and capecita-
bine 825 mg/m2 twice daily on days 1 to 38 (during radiation
therapy). Surgery was planned with total mesorectal excision
and simultaneous liver metastasectomy with or without
addition of radiofrequency ablation within 6 weeks after
completion of preoperative treatments. Postoperative chemo-
therapy (postoperative CapeOx) consisted of oxaliplatin
130 mg/m2 on day 1 and capecitabine 1000 mg/m2 twice daily
on days 1 to 14, every 3 weeks for 6 cycles.

Pathologic Examination
R0 and R1 were defined as histologically tumor-free or

infiltrated resections margins, respectively, whereas R2 was
defined as macroscopic residual tumor. Rectal circumferential
resection margins were defined as negative when the distance
to the tumor was >1 mm. The regression of the primary tumor
was quantified according to the 5-point tumor regression grade
proposed by Dworak et al12: The pathologic stage (ypT or N)
was recorded according to the International Union Against
Cancer TNM system. Pathologic complete response (ypCR)
was defined as the absence of viable tumor cells in the surgical
specimens, of the primary tumor (ypT0). A major pathologic
response of the primary tumor was defined as tumor regression
grades 3 and 4.

Assessment
We repeated abdominopelvic computed tomography or

MRI after completion of induction CapeOx, CapeOx-RT, and
adjuvant CapeOx. The tumor response was assessed according
to the guidelines of the Response Evaluation Criteria In Solid
Tumors (RECIST, version 1.1).

The primary endpoint was the synchronous complete R0
resection rate, defined as the R0 resection rate of both the
primary tumor and LMs. Secondary endpoints were the pCR
rate of the primary tumor, radiologic response rate after pre-
operative treatment, progression-free survival (PFS), overall
survival (OS), and pattern of treatment failure. PFS was
defined as the time from the date of randomization until pro-
gression or death from any cause. OS was calculated from the
date of randomization until death from any cause or was
censored at the last follow-up. Toxicities were evaluated at
each cycle of induction or postoperative CapeOx and weekly
during CapeOx-RT according to NCI-CTC version 3.0.

Statistical Analysis
Assuming that induction chemotherapy and the addition of

oxaliplatin to preoperative chemoradiotherapy would improve
both local and systemic disease control, the target of the syn-
chronous complete R0 resection rate was set to 90% and a rate of
60% or below was considered futile. A 2-stage optimal design, as
proposed by Simon,13 was used to allow early termination of any
ineffective arm early in the study. With a 1-sided, type I error of
5% and power of 0.9, the planned study was to proceed in 2
steps. In the first step, 8 patients were required per arm and, if
synchronous complete R0 resection was observed in 6 or more
patients in both arms, the study was to proceed to the second step
with 9 additional patients per arm (17 patients per arm). If this
condition was not met, the study would be stopped for futility. In
the second step, if synchronous complete R0 resection was
observed in 14 or more patients in both arms, the treatments were
considered effective. Assuming a dropout rate of 10%, 19
patients were required in each arm (a total of 38 patients).
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Both PFS and OS were estimated by using the Kaplan-
Meier method and were compared between arms by the log-
rank test. The categorical variables are presented as number
(percentage) and the continuous variables are presented as
median (range). The categorical variables were compared with
the w2 test or Fisher exact test, as appropriate, and the con-
tinuous variables were compared with the Mann-Whitney U
test.

RESULTS

Patients
Between March 2010 and May 2014, 38 patients from 3

centers in Korea were enrolled. The progress of all patients
during the trial is shown in Figure 1. They underwent random
assignment: 18 patients were assigned to arm A and 20 to
arm B. The cutoff date for this report was March 15, 2015.
The baseline characteristics of these patients are presented
in Table 1, and most of them were well balanced between the 2
arms. The median number of LMs was 2 and cT3N + was the
most common clinical disease stage in both arms.

Treatment Exposure
Treatment exposures are summarized in Supplementary

Table S1 (Supplemental Digital Content 1, http://links.lww.
com/AJCO/A131, which shows the treatment exposure).

Induction Chemotherapy
The median relative dose intensities for both oxaliplatin

and capecitabine were 100% for the patients who received
induction chemotherapy (arm A).

Chemoradiotherapy
Three patients (16.7%) in arm A did not receive che-

moradiotherapy for several reasons (Fig. 1). One patient

underwent stent insertion due to intestinal obstruction during
induction chemotherapy without evidence of disease pro-
gression and proceeded to surgery with no chemoradiotherapy
due to risk of bowel perforation. Another 2 patients withdrew
consent. Among the patients who received chemoradiotherapy,
14 patients (93.3%) in arm A and 18 patients (90%) in arm B
completed the planned radiotherapy. The median relative dose
intensity of oxaliplatin was 89.7% in both arms, whereas those
of capecitabine were 95.4% versus 98.4% in arms A and B,
respectively.

Surgery
A total of 16 patients (88.9%) in arm A and 19 patients

(95%) in arm B underwent surgery. The median times from the
completion of the radiation therapy to surgery were 5.9 weeks
(range, 4.6 to 7.3 wk) in arm A and 6.0 weeks (range, 3.0 to
8.1 wk) in arm B, respectively. Two patients in arm A and 1
patient in arm B did not receive surgery due to consent with-
drawal (Fig. 1).

Postoperative Chemotherapy
Of the resected patients, 14 (87.5%) in arm A and 17

(89.5%) in arm B received postoperative chemotherapy, and 2
patients in each arm did not receive adjuvant chemotherapy for
several reasons (Fig. 1). One patient died due to sepsis that was
unrelated to the treatment, and another patient in arm A
withdrew consent. The disease progressed in 2 patients in arm
B. The median relative dose intensity of oxaliplatin was 83.8%
in arm A and 96.2% in arm B, whereas that of capecitabine
was 82.9% and 89.3%, respectively.

Efficacy and Survival
In the intention-to-treat population, the synchronous

complete R0 resection rates were 77.8% in arm A and 70.0%
in arm B (odds ratio 1.500; 95% confidence interval [CI],

FIGURE 1. CONSORT diagram. *Proceeded to surgery with no chemoradiotherapy due to a risk of bowel perforation. ITT indicates
intention-to-treat.
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0.346-6.501; P = 0.72); the R0 resection rates for the primary
tumor were 83.3% versus 95.0% (P = 0.33), whereas those for
the LM were 77.8% versus 70.0% (P = 0.72), respectively
(Table 2). The radiologic response rates were 61.1% in arm A
and 70.0% in arm B (Supplementary Table S2, Supplemental
Digital Content 2, http://links.lww.com/AJCO/A132, which
shows the radiologic evaluation of the responses to pre-
operative treatments). In addition, the pCR rates were 11.1%
versus 5.0%, and the major pathologic response rates of the
primary tumor were 22.2% versus 25.0% (Table 3), respec-
tively. At a median follow-up of 32.7 months (range, 3.0 to
57.9 mo), the median PFSs were 14.2 versus 15.1 months, the
3-year PFSs were 25.1% versus 36.3% (hazards ratio 0.707;

95% CI, 0.304-1.646; P = 0.42) (Fig. 2), and the 3-year OSs
were 75.0% versus 88.8% (hazards ratio 0.379; 95% CI, 0.063-
2.283; P = 0.29) (Fig. 3), respectively.

Patterns of Recurrence
Recurrence was experienced by 10 patients in arm A

(55.6%) and 12 patients in arm B (60.0%) (Supplementary
Table S3, Supplemental Digital Content 3, http://links.
lww.com/AJCO/A133, which shows the pattern of recurrence).
Local recurrence was observed in 2 patients in arm B (10.0%),
whereas no patient in arm A experienced local recurrence.
Treatment failure was mainly due to distant recurrence in both
arms and the most common site of distant recurrence was the
lung and liver in arm A (27.8%) and the liver in arm B
(40.0%).

Adverse Events
Adverse events related to the treatment are summarized in

Supplementary Table S4 (Supplemental Digital Content 4,
http://links.lww.com/AJCO/A134, which shows the adverse
events). During induction CapeOx, only 1 of 18 patients
(5.6%) in arm A experienced grade 3/4 toxicity, specifically
grade 3 thrombocytopenia. Grade 3/4 toxicities during
CapeOx-RT consisted of thrombocytopenia (6.7%) and diar-
rhea (6.7%) in arm A and diarrhea (10%) in arm B. The most
common grade 3/4 hematologic toxicity during adjuvant che-
motherapy was neutropenia in both arms, which was observed
in 3 patients (21.4%) in arm A and 2 patients (11.8%) in arm B.
The most common grade 3/4 nonhematologic toxicity during
adjuvant chemotherapy was hand-foot syndrome or sensory
neuropathy (7.1%) in arm A and nausea (17.6%) in arm B.
There was no treatment-related mortality.

TABLE 1. Patient and Tumor Characteristics

Arm A (n = 18) Arm B (n = 20) P

Age (y), median (range) 60 (32-73) 56 (37-76) 0.919
Sex (n [%]) 0.328

Male 15 (83) 19 (95)
Female 3 (17) 1 (5)

Performance status (n [%]) 0.048
0 0 (0) 5 (25)
1 18 (100) 15 (75)

Distance of the primary tumor from the anal verge (n [%]) 0.222
r6 cm 13 (72) 18 (90)
> 6 cm 5 (28) 2 (10)

Tumor differentiation (n [%]) 0.360
Well differentiated 3 (17) 3 (15)
Moderately differentiated 13 (72) 16 (80)
Poorly differentiated/signet ring cell/mucinous 0 (0) 1 (5)
Undetermined 2 (11) 0 (0)

Clinical T stage (n [%]) 0.468
cT3 12 (67) 16 (80)
cT4 6 (33) 4 (20)

Clinical N stage (n [%]) 0.540
cN0 1 (5) 0 (0)
cN1 5 (28) 5 (25)
cN2 12 (67) 15 (75)

No. liver metastases (n [%]) 0.959
1 6 (33) 7 (35)
2 4 (22) 5 (25)
Z3 8 (45) 8 (40)

Largest size of liver metastases (cm), median (range) 1.8 (1.0-7.4) 2.4 (1.0-6.9) 0.515
Carcinoembryonic antigen (ng/mL), median (range) 7.4 (0.7-548.0) 6.9 (1.4-219.0) 0.874

TABLE 2. Quality of Surgery

Arm A (n = 18) Arm B (n = 20)

Surgery not performed (n [%]) 2 (11) 1 (5)
Sphincter-saving surgery (n [%]) 13 (72) 16 (80)
Quality of surgery (n [%])

Primary tumor (rectum)
R0 15 (83) 19 (95)
R1 1 (6) 0 (0)

Liver metastases
R0 11 (61) 12 (60)
R0 with intraoperative RFA 3 (17) 2 (10)
R1 1 (6) 3 (15)
R2 1 (6) 2 (10)

Synchronous complete R0
resection rates (%) (95% CI)*

77.8 (58.6-97.0) 70.0 (49.9-90.1)

OR 1.500 (0.346-6.501), P = 0.719

*By intent-to-treat analysis.
CI indicates confidence interval; OR, odds ratio; RFA, radiofrequency

ablation.
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DISCUSSION
This is the first prospective randomized study to inves-

tigate the role of intensified chemoradiotherapy with or without
induction chemotherapy for LARC patients with resectable
LMs. In this phase II study, we found that preoperative
CapeOx-RT, with or without induction CapeOx, was effective
in both local and systemic control before surgery in LARC
patients with resectable LMs. Although LMs progressed in 3
patients (1 in arm A, 2 in arm B) during preoperative treat-
ments, all 3 patients were able to proceed to total mesorectal
excision with liver metastasectomy. Considerable synchronous
complete R0 resection rates as well as good 3-year PFS and OS
were observed in both arms.

Both treatment modalities were feasible with a median
relative dose intensity of all chemotherapy agents >80% in
both arms. More than 90% of patients in both arms received
the planned dose of radiotherapy. The general level of toxicity
observed during preoperative treatment was low in both arms.
Thrombocytopenia (6.7%) was the only grade 3/4 hematologic
toxicity in arm A, whereas no grade 3/4 hematologic toxicity
was observed in arm B. Diarrhea was the only grade 3/4

nonhematologic toxicity in both groups (6.7% in arm A vs.
10.0% in arm B). The incidence of grade 3/4 adverse events
during preoperative chemoradiotherapy in this study was rel-
atively lower than those observed in the representative trials in
whites (range, 23% to 40%).8,14–16 There may exist ethnic
differences underlying this observation or because the sample
size was rather small to represent our population. The most
common grade 3/4 toxicity during postoperative chemotherapy
was neutropenia (21.4%) in arm A and nausea (17.6%) fol-
lowed by neutropenia (11.8%) in arm B.

Although direct comparisons are difficult, due to differ-
ences in sample size and patient selection, the overall R0
resection rate (77.8% in arm A and 70.0% in arm B) of our
study was comparable to that of previous retrospective studies
on LARC patients with LM (55% to 80%).17,18 Furthermore,
our 3-year PFS (25.1% in arm A vs. 36.3% in arm B) and OS
(75.0% vs. 88.8%) were superior to those studies, which were
19% to 24% for 3-year PFS and 51% to 59% for 3-year
OS.17,18

The pCR rate of the primary tumor (11.1% in arm A and
5.0% in arm B) was lower than that of LARC patients without

TABLE 3. Pathologic Outcomes

Arm A (n = 18) Arm B (n = 20)

Surgery not performed (n [%]) 2 (11) 1 (5)
Pathologic stages (n [%])

Primary tumor
ypT0 2 (11) 1 (5)
ypT1 0 (0) 1 (5)
ypT2 2 (11) 3 (15)
ypT3 11 (61) 13 (65)
ypT4 1 (6) 1 (5)

Regional lymph nodes
ypN0 7 (39) 3 (15)
ypN1 8 (44) 10 (50)
ypN2 1 (6) 6 (30)

Tumor regression grade (primary tumor) (n [%])
Total regression 2 (11) 1 (5)
Near total regression 2 (11) 4 (20)
Moderate regression 10 (56) 11 (55)
Minimal regression 2 (11) 3 (15)

Pathologic complete response rates (%) 11.1 (0-25.6) 5.0 (0-14.6)
Major response rates (%) 22.2 (3.0-41.4) 25.0 (6.0-44.0)

FIGURE 2. Kaplan-Meier curve for progression-free survival time
according to treatment arms in the intention-to-treat population.

FIGURE 3. Kaplan-Meier curve for overall survival time according
to treatment arms in the intention-to-treat population.
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distant metastasis (13% to19.5%).8,14–16 The lower pCR rates
of the primary tumor in this study might be related with the
shorter interval between completion of chemoradiotherapy and
surgery than that in the previous studies for nonmetastatic
disease, and also with the selection of patients who had more
locally advanced and metastatic disease. Nevertheless, the
local recurrence rate (0% in arm A and 10% in arm B) and the
rate of sphincter-sparing surgery (72.2% in arm A and 80.0%
in arm B) were comparable to those of LARC patients without
distant metastasis, with a local recurrence rate of 7.1% to 9.6%
and a sphincter-sparing surgery rate of 71% to 79%.8,16,19,20

Although local control was satisfactory, more than half of
the patients in both arms experienced recurrence, mainly due to
distant recurrence, which is in line with previous study
results.20,21 The main cause of treatment failure in rectal
cancer is now distant metastasis, and an improvement in OS
will require better control of systemic disease while keeping
the rate of local recurrence <10%.

The additional 2 cycles of induction CapeOx in arm A did
not significantly improve the overall R0 resection rate or any
other efficacy outcomes compared with arm B. Thus, the
addition of induction chemotherapy may not improve efficacy
outcomes in LARC patients with resectable LMs. Never-
theless, a recent phase II study showed that addition of sys-
temic chemotherapy between preoperative chemoradiotherapy
and surgery increased the proportion of patients achieving a
pCR in LARC without metastasis.22 Moreover, a randomized
phase III trial (the RAPIDO trial) comparing short-course
radiotherapy, followed by prolonged preoperative chemo-
therapy and surgery with standard chemoradiotherapy and
surgery in LARC is ongoing. The role of additional systemic
chemotherapy for rectal cancer before surgery is expected to
be established according to the results of this phase III trial.

It is still controversial whether the addition of oxaliplatin
to the standard single fluoropyrimidine-based preoperative
chemoradiotherapy regimen is of benefit to LARC patients
without metastasis.8,14–16 However, the addition of oxaliplatin
to fluoropyrimidine improved the survival outcomes of meta-
static colorectal cancer patients and is now a standard che-
motherapy in the metastatic setting.23 Accordingly, oxaliplatin
was added to the preoperative chemoradiotherapy regimen for
systemic control of LMs in our study, which may have con-
tributed to the considerable efficacy outcomes. Moreover, this
intensified chemoradiotherapy regimen is well tolerated, with a
toxicity profile similar to that of the standard single fluo-
ropyrimidine-based chemoradiotherapy.8,14 Thus, CapeOx-RT
can be an additional reasonable approach to LARC patients
with resectable metastases who need both local and systemic
control.

Recently, the addition of targeted agents such as epidermal
growth factor receptor inhibitor or vascular epithelial growth
factor receptor inhibitor to the conventional chemotherapy
regimen according to the results of companion diagnostics
have significantly improved the outcomes of unresectable col-
orectal cancer patients with metastasis.24–26 The new EPOC
trial, which was conducted to find a benefit of the addition of
cetuximab, an epithelial growth factor receptor inhibitor,
to chemotherapy in the perioperative setting of resectable col-
orectal cancer patients with metastasis was stopped early
because it met the predefined futility criteria.27 However, the
results of that study are not universally accepted due to several
limitations, as recently mentioned by Nordlinger et al,28 and
further confirmatory clinical studies are required to determine
the efficacy of the addition of cetuximab to this group of
patients.

Bevacizumab is a potent inhibitor of VEGF activity, and
it has thus been suggested that its use in a perioperative setting
could potentially impact postoperative wound healing.29

Nevertheless, when bevacizumab was stopped at least 5 weeks
before or started at least 28 days after the surgery, there was no
increase in wound complications.30,31 Thus, the addition of
bevacizumab can be considered in the treatment of LARC with
resectable LMs in future studies in an attempt to improve
distant disease control.

Triple combination strategies, FOLFOXIRI (oxaliplatin,
irinotecan, and 5-fluorouracil), with or without bevacizumab
was proven to bring maximal tumor shrinkage as well as
improved survival outcomes.32,33 The OLIVIA trial, which
compared bevacizumab plus FOLFOX with bevacizumab plus
FOLFOXIRI for patients with liver-limited metastases, dem-
onstrated that the R0 resection rate was 49% in the bev-
acizumab plus FOLFOXIRI arm.34 Thus, triplet combination
with or without bevacizumab also can be considered as neo-
adjuvant strategy for this population.

In conclusion, intensified chemoradiotherapy with or
without induction chemotherapy needs more evidence to come
into the clinical practice for LARC patients with resectable
LMs, although this randomized phase II study demonstrated
considerable complete R0 resection rates with manageable
adverse events. Further clinical trials with greater numbers of
patients are clearly warranted to evaluate the efficacy and
safety of this intensified chemoradiotherapy, with or without
addition of targeted agents.

ACKNOWLEDGMENT

The authors also thank Roche Korea Co., Ltd for pro-
viding the capecitabine and Sanofi-Aventis, Korea Co., Ltd. for
providing the oxaliplatin.

REFERENCES

1. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden of
cancer in 2008: GLOBOCAN 2008. Int J Cancer. 2010;127:
2893–2917.

2. Manfredi S, Lepage C, Hatem C, et al. Epidemiology and
management of liver metastases from colorectal cancer. Ann Surg.
2006;244:254–259.

3. Leporrier J, Maurel J, Chiche L, et al. A population-based study of
the incidence, management and prognosis of hepatic metastases
from colorectal cancer. Br J Surg. 2006;93:465–474.

4. Kanas GP, Taylor A, Primrose JN, et al. Survival after liver
resection in metastatic colorectal cancer: review and meta-analysis
of prognostic factors. Clin Epidemiol. 2012;4:283–301.

5. National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology, Colon Cancer. 2016;Version 2. 2016.

6. National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology, Rectal Cancer. 2016;Version 2. 2016.

7. de Jong MC, Pulitano C, Ribero D, et al. Rates and patterns of
recurrence following curative intent surgery for colorectal liver
metastasis: an international multi-institutional analysis of 1669
patients. Ann Surg. 2009;250:440–448.

8. Rodel C, Liersch T, Becker H, et al. Preoperative chemo-
radiotherapy and postoperative chemotherapy with fluorouracil
and oxaliplatin versus fluorouracil alone in locally advanced rectal
cancer: initial results of the German CAO/ARO/AIO-04 rando-
mised phase 3 trial. Lancet Oncol. 2012;13:679–687.

9. Schou JV, Larsen FO, Rasch L, et al. Induction chemotherapy with
capecitabine and oxaliplatin followed by chemoradiotherapy
before total mesorectal excision in patients with locally advanced
rectal cancer. Ann Oncol. 2012;23:2627–2633.

10. Fernandez-Martos C, Pericay C, Aparicio J, et al. Phase II,
randomized study of concomitant chemoradiotherapy followed by

Cho et al American Journal of Clinical Oncology � Volume 39, Number 6, December 2016

628 | www.amjclinicaloncology.com Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved



surgery and adjuvant capecitabine plus oxaliplatin (CAPOX)
compared with induction CAPOX followed by concomitant
chemoradiotherapy and surgery in magnetic resonance imaging-
defined, locally advanced rectal cancer: Grupo cancer de recto 3
study. J Clin Oncol. 2010;28:859–865.

11. Chua YJ, Barbachano Y, Cunningham D, et al. Neoadjuvant
capecitabine and oxaliplatin before chemoradiotherapy and total
mesorectal excision in MRI-defined poor-risk rectal cancer: a
phase 2 trial. Lancet Oncol. 2010;11:241–248.

12. Dworak O, Keilholz L, Hoffmann A. Pathological features of
rectal cancer after preoperative radiochemotherapy. Int J Color-
ectal Dis. 1997;12:19–23.

13. Simon R. How large should a phase II trial of a new drug be?
Cancer Treat Rep. 1987;71:1079–1085.

14. O’Connell MJ, Colangelo LH, Beart RW, et al. Capecitabine and
oxaliplatin in the preoperative multimodality treatment of rectal
cancer: surgical end points from National Surgical Adjuvant
Breast and Bowel Project trial R-04. J Clin Oncol. 2014;32:
1927–1934.

15. Gerard JP, Azria D, Gourgou-Bourgade S, et al. Comparison of
two neoadjuvant chemoradiotherapy regimens for locally
advanced rectal cancer: results of the phase III trial ACCORD
12/0405-Prodige 2. J Clin Oncol. 2010;28:1638–1644.

16. Aschele C, Cionini L, Lonardi S, et al. Primary tumor response to
preoperative chemoradiation with or without oxaliplatin in locally
advanced rectal cancer: pathologic results of the STAR-01
randomized phase III trial. J Clin Oncol. 2011;29:2773–2780.

17. Manceau G, Brouquet A, Bachet JB, et al. Response of liver
metastases to preoperative radiochemotherapy in patients with
locally advanced rectal cancer and resectable synchronous liver
metastases. Surgery. 2013;154:528–535.

18. Gall TM, Basyouny M, Frampton AE, et al. Neoadjuvant chemo-
therapy and primary-first approach for rectal cancer with synchro-
nous liver metastases. Colorectal Dis. 2014;16:O197–O205.

19. Sauer R, Liersch T, Merkel S, et al. Preoperative versus
postoperative chemoradiotherapy for locally advanced rectal
cancer: results of the German CAO/ARO/AIO-94 randomized
phase III trial after a median follow-up of 11 years. J Clin Oncol.
2012;30:1926–1933.

20. Bosset JF, Collette L, Calais G, et al. Chemotherapy with
preoperative radiotherapy in rectal cancer. N Engl J Med. 2006;
355:1114–1123.

21. Butte JM, Gonen M, Ding P, et al. Patterns of failure in patients
with early onset (synchronous) resectable liver metastases from
rectal cancer. Cancer. 2012;118:5414–5423.

22. Garcia-Aguilar J, Chow OS, Smith DD, et al. Effect of adding
mFOLFOX6 after neoadjuvant chemoradiation in locally
advanced rectal cancer: a multicentre, phase 2 trial. Lancet Oncol.
2015;16:957–966.

23. Goldberg RM, Sargent DJ, Morton RF, et al. A randomized
controlled trial of fluorouracil plus leucovorin, irinotecan, and
oxaliplatin combinations in patients with previously untreated
metastatic colorectal cancer. J Clin Oncol. 2004;22:23–30.

24. Van Cutsem E, Kohne CH, Lang I, et al. Cetuximab plus
irinotecan, fluorouracil, and leucovorin as first-line treatment for
metastatic colorectal cancer: updated analysis of overall survival
according to tumor KRAS and BRAF mutation status. J Clin
Oncol. 2011;29:2011–2019.

25. Saltz LB, Clarke S, Diaz-Rubio E, et al. Bevacizumab in
combination with oxaliplatin-based chemotherapy as first-line
therapy in metastatic colorectal cancer: a randomized phase III
study. J Clin Oncol. 2008;26:2013–2019.

26. Douillard JY, Oliner KS, Siena S, et al. Panitumumab-FOLFOX4
treatment and RAS mutations in colorectal cancer. N Engl J Med.
2013;369:1023–1034.

27. Primrose J, Falk S, Finch-Jones M, et al. Systemic chemotherapy
with or without cetuximab in patients with resectable colorectal
liver metastasis: the New EPOC randomised controlled trial.
Lancet Oncol. 2014;15:601–611.

28. Nordlinger B, Poston GJ, Goldberg RM. Should the results of the
new EPOC trial change practice in the management of patients
with resectable metastatic colorectal cancer confined to the liver?
J Clin Oncol. 2015;33:241–243.

29. Hurwitz H, Saini S. Bevacizumab in the treatment of metastatic
colorectal cancer: safety profile and management of adverse
events. Semin Oncol. 2006;33:S26–S34.

30. Scappaticci FA, Fehrenbacher L, Cartwright T, et al. Surgical
wound healing complications in metastatic colorectal cancer
patients treated with bevacizumab. J Surg Oncol. 2005;91:
173–180.

31. Gruenberger B, Tamandl D, Schueller J, et al. Bevacizumab,
capecitabine, and oxaliplatin as neoadjuvant therapy for patients
with potentially curable metastatic colorectal cancer. J Clin Oncol.
2008;26:1830–1835.

32. Falcone A, Ricci S, Brunetti I, et al. Phase III trial of infusional
fluorouracil, leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI)
compared with infusional fluorouracil, leucovorin, and irinotecan
(FOLFIRI) as first-line treatment for metastatic colorectal cancer:
the Gruppo Oncologico Nord Ovest. J Clin Oncol. 2007;25:
1670–1676.

33. Loupakis F, Cremolini C, Masi G, et al. Initial therapy with
FOLFOXIRI and bevacizumab for metastatic colorectal cancer.
N Engl J Med. 2014;371:1609–1618.

34. Gruenberger T, Bridgewater J, Chau I, et al. Bevacizumab plus
mFOLFOX-6 or FOLFOXIRI in patients with initially unresect-
able liver metastases from colorectal cancer: the OLIVIA
multinational randomised phase II trial. Ann Oncol. 2015;26:
702–708.

American Journal of Clinical Oncology � Volume 39, Number 6, December 2016 CRT ± Induction Chemotherapy for LARC with LM

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved www.amjclinicaloncology.com | 629




