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Abstract
Bevacizumab is a humanizedmonoclonal antibody targeting vascular endothelial growth factor (VEGF). Recurrence after
resection of colorectal livermetastases (CRLMs), presumably causedby VEGF-mediated outgrowth ofmicrometastases,
might decrease when VEGF is inhibited. This study examines the efficacy and safety of adding bevacizumab to an
adjuvant regimenofCAPOX inpatients undergoing radical resection for theirCRLMs.Patientswith resectedCRLMswere
randomized after surgery to receive CAPOX and bevacizumab (arm A) or CAPOX alone (arm B) as adjuvant treatment.
CAPOXwas given in both arms for a total of eight cycles. Bevacizumabwas administered for 16 cycles. The primary end
point was disease-free survival (DFS). Secondary outcomeswere overall survival (OS), toxicity, and quality of life (QoL). In
total, 79 patients were randomized. At the time of analysis, 23 events were encountered in arm A and 20 in arm B. One-
year DFS rate was 79% [95% confidence interval (CI): 68%-93%] and 68% (95% CI: 55%-85%) for arm A and B,
respectively (P = .89). Toxicity was evaluated for 75 patients. No significant differences in toxicity between the two arms
were found. QoL scores were higher in arm A, of which emotional functioning and global QoL scores were significant.
Adding bevacizumab to a CAPOX regimen in patients undergoing a resection for their CLM is safe and showed higher
QoL scores compared with CAPOX alone. Because of premature closure of the study, conclusions about the effect on
DFS of additional VEGF inhibition in this setting could not yet be made.
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Introduction
Long-term survival of patients with resectable colorectal liver metastases
(CRLMs) has been achieved in patients who could undergo radical
resection, with 5-year survival rates of 30% to 60% when treated with
surgery alone [1–4]. Unfortunately, the majority of patients will
experience a recurrence after resection. To improve treatment outcome,
the combination of surgery with chemotherapy for patients with
resectable (CRLM) was examined in three randomized controlled trials
[5–7]. These studies demonstrated a marginal benefit compared with
surgery alone. Therefore, novel approaches are needed to improve the
prospect of patients with liver metastases amendable to surgery. An
analysis of resected livers revealed that micrometastases are present in
30% to 70% of patients undergoing curative resections for CRLM
[8–11]. The outgrowth of these subclinical tumor cells is assumed to be
one of the major factors responsible for the high recurrence rates. It is
shown that, immediately after liver resection, proangiogenic growth
factors such as vascular endothelial growth factor (VEGF) are
upregulated to support liver regeneration. VEGF is a ligand playing a
central role in tumor growth, (tumor) blood vessel development, and
endothelial cell survival [12–14]. Neutralizing the VEGF and VEGF
receptor (VEGFR) signaling pathways has improved treatment outcome
in a number of diseases [15,16]. Bevacizumab, a humanizedmonoclonal
antibody targeting VEGF-A, is now considered an integral part of
first-line chemotherapy for patients with metastatic colorectal cancer. It
has been shown that micrometastases are susceptible to antiangiogenic
treatment because they depend on the local production of VEGF.
Supportive evidence comes from preclinical research where treatment
with an angiogenesis inhibitor inhibited the growth of colorectal liver
metastases [17–19]. Given the fact that the residual liver most likely
contains micrometastasis and that liver resections induce a growth factor
response, including increased concentrations of VEGF, we argued that
the addition of bevacizumab to standard postresection chemotherapy
might lower the recurrence rate in patients undergoing resection for their
CRLM. To test this hypothesis, we performed a randomized controlled
study in this patient population.

Material and Methods

Patients
Patients older than 18 years were eligible if they had radically

resected, histologically proven CRLM. Eligible patients needed to have
an Eastern Cooperative OncologyGroup score below two and adequate
bone marrow, hepatic, and renal functions. For detailed inclusion and
exclusion criteria, see the published protocol for this study [20].

Treatment
Four to eight weeks after surgery for CRLM, treatment with

either capecitabine, oxaliplatin (CAPOX), and bevacizumab or
CAPOX alone was started. All treatment cycles were administered
at intervals of 3 weeks. Treatment of patients in arm A consisted
of oral capecitabine (1000mg/m2 twice daily) on day 1 through day
14, oxaliplatin 130 mg/m2 infusion on day 1, and bevacizumab
7.5 mg/kg infusion on day 1 for a duration of 8 cycles followed by
bevacizumab alone (7.5 mg/kg every 3 weeks) for another 8 cycles.
Patients assigned to arm B received capecitabine (1000 mg/m2 twice
daily) on day 1 through day 14 and oxaliplatin 130 mg/m2 infusion on
day 1 for 8 cycles. Treatment was continued until 16 cycles in arm A and
8 cycles in armBwere completed or until there was progression of disease
or unacceptable toxicity.
Amendment of the Trial
The study protocol was amended in November 2009 based on the

input of participating centers because of slow accrual rate. The amendment
allowed three preoperative cycles of CAPOX. It also allowed radiofre-
quency ablation of tumors smaller than 4 cm and of a maximum of three
tumors when the liver volumewas insufficient to resect all tumor tissue but
only in combinationwith surgery. Bothwere added as stratification factors.

Study Design
The HEPATICA study was designed as a phase III, two-arm,

multicenter, randomized, controlled study comparing adjuvant CAPOX
and bevacizumab (arm A) versus CAPOX alone (arm B) in patients with
resected CRLM in terms of disease-free survival (DFS), overall survival
(OS), toxicity, and quality of life (QoL). This study was conducted in 28
centers in the Netherlands and 2 centers in Sweden. Randomization was
done centrally by a minimization technique with stratification according
to the number of liver metastases (b4 or ≥4), metachronous or
synchronous metastases, prior adjuvant chemotherapy, blood transfu-
sion, and treatment site. The study and its amendments were approved
by the Central Committee of Human-Related Research and by the local
ethics committees of all participating centers. Written informed consent
was required from all patients before study entry.

Primary End Point
The primary end point of this study was DFS. In November 2009, the

eligibility criteria were modified to allow neoadjuvant treatment and
radiofrequency ablation for a group of patients with high risk of recurrence,
and the sample size was recalculated. It was calculated that to detect a
difference between the groups with a hazard ratio (HR) of 0.67, 300
patients should be recruited in 3 years, with 1 year of further follow-up.

Secondary End Points
Secondary end points were OS, toxicity, and QoL. Toxic effects were

assessed according to theUSNational Cancer Institute CommonToxicity
Criteria, version 3.0, before each cycle of treatment. QoL was measured
using the QLQ-C30 questionnaire of the European Organization for
Research and Treatment of Cancer (EORTC) before the start of adjuvant
treatment and, thereafter, every 6 months for 2 years after surgery. The
QLQ-30 measures the QoL separated by function and symptom areas
[21]. Next to the five functional scales (physical functioning, role
functioning, cognitive functioning, emotional functioning, social func-
tioning) and a scale for globalQoL, there are three symptom scales (fatigue,
nausea/vomiting, and pain) and six single items (dyspnea, insomnia,
appetite loss, constipation, diarrhea, and financial difficulties).

Data Collection
An independent data and safety monitoring committee monitored

recruitment, serious adverse events, and data quality at least every
2 months. Relevant information was included in regular study reports
and was made available to the independent data and safety monitoring
committee. Data forms were entered in a database by a double data
entry procedure. Computerized and visual consistency checks were
performed on newly entered forms; queries were issued in case of
inconsistencies. Verification of all data (100%) was done for 1 of the
2 first subjects at each site; 1 of subjects 3 to 10; and, thereafter, 1
subject per 10 randomized or treated subjects.

Funding of the Trial
This was an investigator-initiated study supported in part by the

Dutch Cancer Society, Roche, and Sanofi Aventis. The funding source
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had no role in the design, conduct, data collection, data analysis, or
interpretation of the study or the results.

Statistical Analysis
DFS time was calculated from randomization until recurrence of

disease or death, whichever occurred first. Patients alive without
recurrence of disease were censored at last follow-up. OS was calculated
until death of any cause. All patients were included in the efficacy analysis
(intention-to-treat principle). For two patients who withdrew their
consent, only data prior to withdrawal could be used. Univariable Cox
proportional hazards regression models were used to estimate the HRs of
all clinicopathological factors and treatment arms. Toxicity was analyzed
for all patients who received at least one cycle of treatment. QoL was
evaluated using a mixed-effect modeling procedure (SAS Proc Mixed),
allowing to retain patients withmissing values in the analysis. A first-order
autoregressive covariance structure was used so that correlations between
measurements declined exponentially with the time between them.
Treatment and baseline value were entered as covariates. Patients with
missing baseline values were removed from the model but still taken into
account in the calculation of mean per time point. F tests were used to
assess the interaction effect of treatment and time. Analyses were
performed using SAS version 9.2 and R version 2.15.0.

Premature Closure of the Trial
Because of the slow accrual of the study which would have

extended the total accrual time to 8 years and the outcome of the
National Surgical Adjuvant Breast and Bowel Project C-08 and
AVANT study, which demonstrated no benefit of the addition of
bevacizumab to an oxaliplatin-based adjuvant regimen after resection
of stage II and III colorectal cancer, the steering committee decided to
close the HEPATICA study prematurely in October 2010 [22,23].
Randomized n=79

Patients with resected CRLM

19 recurrences at

* Patients could not be included in analysis
** Patients were kept in analysis according to the intent

CAPOX + Bevacizumab
n=39

CAPOX
n=38

Analyzed=77

19 recurrences at 2 year

7 died 5 died 

Figure 1. Tr
Results

Patients
Seventy-nine patients were randomized in the study. Forty

patients were allocated to arm A (CAPOX + bevacizumab), and 39
patients were allocated to receive treatment according to arm B
(CAPOX alone) (Figure 1). Baseline characteristics are depicted in
Table 1. Two patients (one in arm A, and one in arm B) withdrew
their consent after randomization. These patients were censored at
the first day. There were two patients (in arm B) who did not receive
treatment because of progression discovered just before start of
treatment. Both patients were retained in the analysis and counted as
having progression.

Treatment
Twenty-two patients (56.4%) in arm A completed the full 16 cycles.

Ten patients were not able to complete all cycles because of toxicity. Two
patients had recurrent disease before the end of chemotherapy
(Supplemental Table 2). In arm B, 22 (57.9%) patients completed the
full 8 cycles according to the study protocol. Two patients were diagnosed
with recurrent disease before start of chemotherapy. Three patients
discontinued treatment because of recurrence of their cancer during
treatment, and eight patients discontinued treatment because of toxicity.
One patient received bevacizumab in arm B (major protocol violation).

Survival
At the time of analysis, January 2013, 23 events occurred in arm A

and 20 in Arm B. Median follow-up time was 36 months. The 1-year
DFS estimate was 79% [95% confidence interval (CI): 68%-93%] and
68% (95% CI: 86%-93%) for arm A and B, respectively (log-rank P =
.89). Two-year DFS probabilities were 55% (95% CI: 41%-74%) and
 2 year

ion to treat principle

Arm A: 1 patient withdrew consent*
Arm B: 1 patient withdrew consent*

1 patient did not receive adjuvant treatment**
1 patient received CAPOX + bevacizumab**

ial profile.



Table 1. Patient Baseline Demographics

Randomized Treatment

Arm A: CAPOX + Bev Arm B: CAPOX Total

Total 39 (51%) 38 (49%) 77
Age at randomization
Median 62 61 61
Interquartile range 57-70 53-63 55-66

Performance status
WHO 0 17 (44%) 13 (34%) 30 (39%)
WHO 1 6 (15%) 11 (29%) 17 (22%)
NA 16 (41%) 14 (37%) 30 (39%)

Histological grade
Well differentiated 2 (5%) 4 (11%) 6 (8%)
Moderately differentiated 27 (69%) 28 (74%) 55 (71%)
Poorly differentiated 6 (15%) 1 (3%) 7 (9%)
Unknown 4 (10%) 5 (13%) 9 (12%)

N status
N0 18 (46%) 15 (39%) 33 (43%)
N1 12 (31%) 12 (32%) 24 (31%)
N2 7 (18%) 6 (16%) 13 (17%)
NX 2 (5%) 5 (13%) 7 (9%)

Location of primary tumor
Colon 13 (33%) 17 (45%) 30 (39%)
Rectum 14 (36%) 13 (34%) 27 (35%)
Rectosigmoid 12 (31%) 8 (21%) 20 (26%)

Radical resection
R0 38 (97%) 36 (95%) 74 (96%)
R1 1 (3%) 0 (0%) 1 (1%)
Unknown 0 (0%) 1 (3%) 1 (1%)
NA 0 (0%) 1 (3%) 1 (1%)

Radiotherapy primary
No 27 (69%) 28 (74%) 55 (71%)
Yes 12 (31%) 10 (26%) 22 (29%)

Table 2. Univariable Cox Models for DFS

Events Subjects HR 95% CI P Value

Randomized treatment
Arm A: CAPOX + bev 23 40 1 .88
Arm B: CAPOX 20 39 0.96 (0.53-1.75)

Gender
Male 32 52 1 .18
Female 11 25 0.63 (0.32-1.24)

Age at randomization (continuous)
Per 10 years 43 77 0.78 (0.56-1.08) .14

Age at randomization (grouped)
34-65 31 55 1 .41
65-75 11 22 0.75 (0.38-1.49)

Location of primary tumor
Colon 16 30 1 .32
Rectum 18 27 1.40 (0.71-2.75)
Rectosigmoid 9 20 0.786 (0.34-1.76)

Histological grade
Well differentiated 4 6 1 .44
Moderately differentiated 32 55 0.65 (0.23-1.84)
Poorly differentiated 4 7 0.50 (0.12-2.00)
Unknown 3 9 0.31 (0.07-1.39)

N status
N+ 23 37 1 .10
N0 15 33 0.58 (0.30-1.12)

Presentation of the liver metastases
Metachronous 22 39 1 .81
Synchronous 21 38 1.08 (0.59-1.96)

Adjuvant chemotherapy
No 37 69 1 .29
Yes 6 8 1.60 (0.67-3.85)

Blood transfusion received
Yes 6 15 1 .48
No 37 62 1.75 (0.74-4.17)

Number of liver metastases
b4 34 624 1 .48
≥4 9 15 1.30 (0.62-2.72)

Log CEA tumor marker
Per IQR 19 40 1.40 (0.75-2.63) .29

IQR, interquartile range.
Including two patients censored at withdrawal of consent.
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54% (95% CI: 40%-73%) for arm A and B, respectively (log-rank P =
.73). Univariable Cox regression analysis was performed (Table 2). Five
patients died in arm A and 7 in arm B. Two-year OS rate was 94% for
both arms (P = .43). Survival curves for DFS and OS are depicted in
Figure 2. In Supplemental Table 3, the sites of recurrences are depicted.

Toxicity
Toxicity was evaluated for 75 patients (Table 3). In general,

toxicities were comparable between the two arms. In total, there were
two grade 5 toxicities. In arm A, one patient died of terminal kidney
failure 3 years after randomization. In arm B, one patient experienced
a grade 5 toxicity of mucositis. This patient died from respiratory
failure after aspiration of blood as a complication of mucositis
probably caused by capecitabine. This patient received one cycle
of CAPOX.

Quality of Life
Fifty-eight patients were evaluated for QoL. Compliance with

completing QoL questionnaires compared with baseline dropped to
59% at 6 months, 43% at 12 months, 41% at 18 months, and 29% at
24 months (Supplemental Table 4). Patients receiving CAPOX +
bevacizumab (arm A) had a higher mean score in all QoL functional
scales at baseline except from emotional functioning (Supplemental
Table 5) and a lower mean score in all QoL symptom scales at baseline
except for insomnia. In the functional scales, all scores were higher during
the 2 years in arm A compared with arm B, of which global QoL and
emotional functioning reached significance at the .05 level. Both these
scores were higher than the 10-point cutoff for clinical significance at 18
and 24 months compared with baseline (Supplemental Figure 1). There
were no significant differences in symptoms between patients receiving
CAPOX + bevacizumab and CAPOX alone (Supplemental Table 5).
Discussion
Although this study did not reach its intended accrual, several relevant
observations were made. The DFS rate is comparable to larger studies
with resected colorectal liver metastases in combination with systemic
therapy, although we did include more patients with synchronous
metastases and patients with four or more metastases unlike the
EORTC 40983 study [6]. Furthermore, in the first 18months, survival
rate in our study was better for treatment with CAPOX-B when
compared with CAPOX alone. We speculate that the addition of
bevacizumab may have a temporary growth-delaying effect on the
outgrowth of metastases. Although, in the C08 and AVANT studies,
both large, randomized, and well-executed studies, there was noDFS or
OS benefit for the addition of bevacizumab after resection of colorectal
cancer, there is an important difference between the HEPATICA study
and the beforementioned studies [22,24]. In the HEPATICA study,
patients were included with established metastases, whereas the two
other studies included patients without apparent metastases after
resection of the primary tumor. In the metastatic setting, studies have
shown benefit of treatment with bevacizumab [25].

Another aspect of the HEPATICA study was assessment of toxicity
and QoL. There were no differences in toxicities between both
regimens, and remarkably, patients in the treatment arm scored higher
on QoL.

There is extensive experience with both the CAPOX and CAPOX-B
regimens that supports the notion that toxicity is not significantly



Figure 2. Kaplan-Meier curves depicting (a)DFS and (b)OSprobability
for patients receiving CAPOX and CAPOX + bevacizumab.

Table 3. Number of Patients with Toxicities of Common Toxicity Criteria grade 3, 4, or 5

Arm A: CAPOX + Bev Arm B: CAPOX Total

Total 39 (52%) 36 (48%) 75
Allergic reaction/hypersensitivity 1 (2.6%) 0 (0.0%) 1 (1.3%)
Cardiac ischemia/infarction 1 (2.6%) 0 (0.0%) 1 (1.3%)
Hypertension 9 (23.1%) 6 (16.7%) 15 (20.0%)
Hypotension 0 (0.0%) 0 (0.0%) 0 (0.0%)
Other cardiac symptoms 2 (5.1%) 1 (2.8%) 3 (4.0%)
Fatigue (malaise, asthenia) 3 (7.7%) 2 (5.6%) 5 (6.7%)
Fever 0 (0.0%) 1 (2.8%) 1 (1.3%)
Weight loss 0 (0.0%) 0 (0.0%) 0 (0.0%)
Other constitutional symptoms 0 (0.0%) 0 (0.0%) 0 (0.0%)
Alopecia 0 (0.0%) 0 (0.0%) 0 (0.0%)
Hand-foot syndrome 3 (7.7%) 1 (2.8%) 4 (5.3%)
Injection site reaction/extravasation 0 (0.0%) 0 (0.0%) 0 (0.0%)
Nail changes 0 (0.0%) 0 (0.0%) 0 (0.0%)
Other skin symptoms 0 (0.0%) 0 (0.0%) 0 (0.0%)
Diarrhea 7 (17.9%) 8 (22.2%) 15 (20.0%)
Mucositis/stomatitis 1 (2.6%) 1 (2.8%) 2 (2.7%)
Nausea 1 (2.6%) 0 (0.0%) 1 (1.3%)
Vomiting 1 (2.6%) 1 (2.8%) 2 (2.7%)
Other gastrointestinal symptoms 2 (5.1%) 3 (8.3%) 5 (6.7%)
Hemorrhage/bleeding 0 (0.0%) 1 (2.8%) 1 (1.3%)
Febrile neutropenia 0 (0.0%) 2 (5.6%) 2 (2.7%)
Infection 2 (5.1%) 3 (8.3%) 5 (6.7%)
Dizziness 0 (0.0%) 0 (0.0%) 0 (0.0%)
Neuropathy-sensory 7 (17.9%) 8 (22.2%) 15 (20.0%)
Other neurological symptoms 0 (0.0%) 2 (5.6%) 2 (2.7%)
Abdominal pain, cramping 1 (2.6%) 1 (2.8%) 2 (2.7%)
Headache 0 (0.0%) 1 (2.8%) 1 (1.3%)
Other pain 0 (0.0%) 1 (2.8%) 1 (1.3%)
Cough 0 (0.0%) 0 (0.0%) 0 (0.0%)
Dyspnea 1 (2.6%) 0 (0.0%) 1 (1.3%)
Hiccoughs (hiccups, singultus) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Pneumonitis/pulmonary infiltrates 0 (0.0%) 0 (0.0%) 0 (0.0%)
Other pulmonary symptoms 0 (0.0%) 0 (0.0%) 0 (0.0%)
Thrombosis/embolism 4 (10.3%) 2 (5.6%) 6 (8.0%)
Other vascular symptoms 1 (2.6%) 1 (2.8%) 2 (2.7%)

Any of above toxicities worst grade 21 (53.8%) 18 (50.0%) 39 (52.0%)
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different with the exception of specific bevacizumab-related toxicities
such as hypertension and proteinuria. A reduced liver capacity may
result in temporary impairment of liver function and altered clearance of
chemotherapeutic agents [26]. The toxicity profile in this study does not
seem to indicate excessive toxicity compared with the toxicity seen in
patients treated without liver resections [27,28]. In general, patients in
the treatment arm scored higher on QoL, of which the functional scales
global QoL and emotional functioning reached significance. Compli-
ance dropped to 41.3% at 18 months; however, it was not different
between the 2 arms. A possible explanation for the reported higher QoL
in the bevacizumab arm might be attributed to the addition of a new
agent to a known regimen, suggesting superior treatment, positively
affecting patients’ mood and influencing the way patients experience
their QoL.
There are not many studies reporting the QoL when adding

bevacizumab to chemotherapy. Kabbinavar et al. examined the time to
deterioration of health care–related QoL using the colorectal cancer
subscale or Trial Outcome Index score, examining two studies with,
respectively, 822 and 209 patients. Patients were randomized to receive
either irinotecan, 5-fluorouracil, and leucovorin or irinotecan, 5-fluoro-
uracil, leucovorin, and bevacizumab, suggesting that the addition of
bevacizumab did not add to patients' treatment burden [29].

Another important observation is that we did not observe increased
numbers of metastatic lesions in the bevacizumab arm. Based on
preclinical studies, this was a serious concern because it was shown that,
within 7 days after cessation of anti-VEGF treatment, accelerated tumor
growth occurred as a result of rapid revascularization [30,31]. In a
regenerating liver, the physiological state after liver resections, this may
even be more relevant because angiogenesis is constantly active. The
preclinical concept of accelerated tumor growth when bevacizumab
treatment was interrupted was supported by a small series of patients
with colorectal liver metastases receiving perioperative chemotherapy in
combination with bevacizumab [32]. Furthermore, preclinical studies
showed that, in certain conditions, treatment with a VEGF/VEGFR
inhibitor can cause a hypoxic and protumorigenic inflammatory state
leading to increased invasiveness [32,33]. In our study, patients already
had established metastases which define a population at high risk for
microscopic residual disease; we could not determine accelerated
recurrence. This indicates that, in this setting, the preclinical studies did
not have a clinical correlate and warrant further investigation.

A recent meta-analysis concluded that the addition of chemother-
apy to surgery is beneficial [33]. The timing of chemotherapy
however remains unclear. Fifty-seven percent of patients completed
all cycles of chemotherapy in our study. This is in line with other
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postsurgery adjuvant studies and is sometimes used as an argument to
advocate preoperative chemotherapy because patients are more fit to
undergo chemotherapy and more likely to complete all cycles.
However, there are also arguments against preoperative chemother-
apy. In the EORTC 40983 study, 12 patients had progressive disease
during preoperative chemotherapy, potentially preventing subsequent
surgery, and 24% could not receive postoperative chemotherapy.
Moreover, postoperative complications were significantly higher in
the chemotherapy group (25% vs 16%, P = 0.04) [6]. In contrast, the
new Eloxatin for Peri-Operative chemotherapy trial, not included in
this meta-analysis, showed a detrimental effect of the addition of
cetuximab to perioperative chemotherapy for resectable or suboptimal
resectable disease [34]. This underpins the complexity of the choice of
treatment and optimal timing of adjuvant treatment.

Our study has encountered significant problems in recruitment,
ultimately leading to a premature closure of the trial. Unfortunately,
this is a frequent phenomenon in studies investigating peri- or
postoperative treatment of patients with colorectal liver metastases
[5–7]. Institutions have developed their own programs for hepatic
surgery, chemotherapy, or local interventions, hampering joint efforts
to resolve clinical problems. Patient numbers are generally small, and
the time needed to include sufficient patients is long. We therefore
hope that ongoing studies using anti-VEGF therapy in stage IV
patients with resectable liver metastases such as a study initiated by
the Yonsei University (NCT01632722) will provide a solid outcome
and result in clinical guidance. In conclusion, no definite answers
could be provided as to whether patients with established metastases
in the liver might benefit from antiangiogenic treatment after liver
surgery and differ from patients receiving adjuvant treatment after
resection of the primary tumor. This study does however show that it
is safe to add bevacizumab to an adjuvant regimen of CAPOX in
patients undergoing radical resection for their CRLM.

Participating centers
The principal investigators of the local hospitals are mentioned

below. Investigators are of the Department of Surgery (S), Oncology
(O), or Gastroenterology (G).

Academic Medical Center Amsterdam: O. R. C. Busch (S), D. J.
Richel (O); Amphia Hospital Breda: A. Rijken (S), O. J. L. Loosveld
(O); Atrium Medical Center Heerlen: J. Wals (O); Deventer Hospital:
M. S. L. Liem (S), A. L. T. Imholz (O); Diakonessenhuis Utrecht: C. I.
Perre (S), D. ten Bokkel Huinink (O); Gelre Hospital Apeldoorn: E. J.
Hesselink (S), J. M. Smit (O); Jeroen Bosch Hospital Den Bosch: K.
Bosscha (S), J. F. M. Pruijt (O); Leiden University Medical Center:
R. Tollenaar (S), A. J. Gelderblom (O); Maastricht University Medical
Center: C. H. C. Dejong (S), R. L. H. Jansen (O); Maxima Medical
Center Veldhoven: R. Roumen (S), G. Vreugdenhil (O); Meander
Medical Center Amersfoort: B. van Ooijen (S), C. Rodenburg (O);
Medical Center Alkmaar: C. H. Smorenburg; Medical Center The
Hague: J. R. M. van der Sijp (S), H. M. Oosterkamp (O); Medical
Center Leeuwarden: J. P. E. N. Pierie (S), M. B. Polée (O); Medical
SpectrumTwente Enschede: J. M. Klaase (S), M. C. J. C. Legdeur (O);
Onze Lieve Vrouwe Gasthuis Amsterdam: P. J. Borgstein (S), B. de
Valk (O); Saint Elisabeth Hospital Tilburg: J. M. G. H. van Riel (O);
Slingeland Hospital Doetinchem: E. W. Muller (O); Antoni van
Leeuwenhoek Hospital: F. van Coevorden (S), A. Cats (G);
Tergooiziekenhuizen Blaricum/Hilversum: H. P. van den Berg;
University Medical Center Groningen: R. J. Porte (S), K. P. de Jong
(S), G. A. P. Hospers (O); University Medical Center Utrecht: R. van
Hillegersberg (S), E. E. Voest (O); VieCuri Venlo: A. J. van der Wouw
(O); VU Medical Center Amsterdam: M. P. van den Tol (S), E. Boven
(O); Westfriesgasthuis Hoorn: J. W. D. de Waard (O); Haga Hospital
TheHague: J. E. A. Portielje (O); Röpcke-Zweers Ziekenhuis-Saxenburg
Groep Hardenberg: E. A. Runhaar (O); Gelderse Vallei Ede: C. Sietses
(S), E. Balk (O).

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.neo.2016.08.010.

References

[1] Abdalla EK, Vauthey JN, Ellis LM, Ellis V, Pollock R, Broglio KR, Hess K, and
Curley SA (2004). Recurrence and outcomes following hepatic resection,
radiofrequency ablation, and combined resection/ablation for colorectal liver
metastases. Ann Surg 239, 818–825.

[2] Choti MA, Sitzmann JV, Tiburi MF, Sumetchotimetha W, Rangsin R, Schulick RD,
Lillemoe KD, Yeo CJ, and Cameron JL (2002). Trends in long-term survival following
liver resection for hepatic colorectal metastases. Ann Surg 235, 759–766.

[3] Pawlik TM, Schulick RD, and Choti MA (2008). Expanding criteria for
resectability of colorectal liver metastases. Oncologist 13, 51–64.

[4] Rees M, Tekkis PP, Welsh FK, O'Rourke T, and John TG (2008). Evaluation of
long-term survival after hepatic resection for metastatic colorectal cancer: a
multifactorial model of 929 patients. Ann Surg 247, 125–135.

[5] Mitry E, Fields AL, Bleiberg H, Labianca R, Portier G, Tu D, Nitti D, Torri V,
Elias D, and O'Callaghan C, et al (2008). Adjuvant chemotherapy after
potentially curative resection of metastases from colorectal cancer: a pooled
analysis of two randomized trials. J Clin Oncol 26, 4906–4911.

[6] Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM, Rougier P,
Bechstein WO, Primrose JN, Walpole ET, and Finch-Jones M, et al (2008).
Perioperative chemotherapy with FOLFOX4 and surgery versus surgery alone for
resectable liver metastases from colorectal cancer (EORTC Intergroup trial
40983): a randomised controlled trial. Lancet 371, 1007–1016.

[7] Portier G, Elias D, Bouche O, Rougier P, Bosset JF, Saric J, Belghiti J, Piedbois
P, Guimbaud R, and Nordlinger B, et al (2006). Multicenter randomized trial of
adjuvant fluorouracil and folinic acid compared with surgery alone after resection
of colorectal liver metastases: FFCD ACHBTH AURC 9002 trial. J Clin Oncol
24, 4976–4982.

[8] Korita PV, Wakai T, Shirai Y, Sakata J, Takizawa K, Cruz PV, Ajioka Y, and
Hatakeyama K (2007). Intrahepatic lymphatic invasion independently predicts
poor survival and recurrences after hepatectomy in patients with colorectal
carcinoma liver metastases. Ann Surg Oncol 14, 3472–3480.

[9] Nanko M, Shimada H, Yamaoka H, Tanaka K, Masui H, Matsuo K, Ike H, Oki
S, and Hara M (1998). Micrometastatic colorectal cancer lesions in the liver. Surg
Today 28, 707–713.

[10] Wakai T, Shirai Y, Sakata J, Valera VA, Korita PV, Akazawa K, Ajioka Y, and
Hatakeyama K (2008). Appraisal of 1 cm hepatectomy margins for intrahepatic
micrometastases in patients with colorectal carcinoma liver metastasis. Ann Surg
Oncol 15, 2472–2481.

[11] Yokoyama N, Shirai Y, Ajioka Y, Nagakura S, Suda T, and Hatakeyama K
(2002). Immunohistochemically detected hepatic micrometastases predict a high
risk of intrahepatic recurrence after resection of colorectal carcinoma liver
metastases. Cancer 94, 1642–1647.

[12] Achen MG, Jeltsch M, Kukk E, Makinen T, Vitali A, Wilks AF, Alitalo K, and
Stacker SA (1998). Vascular endothelial growth factor D (VEGF-D) is a ligand
for the tyrosine kinases VEGF receptor 2 (Flk1) and VEGF receptor 3 (Flt4).
Proc Natl Acad Sci U S A 95, 548–553.

[13] Ferrara N (2000). Vascular endothelial growth factor and the regulation of
angiogenesis. Recent Prog Horm Res 55, 15–35.

[14] Shibuya M (2001). Structure and function of VEGF/VEGF-receptor system
involved in angiogenesis. Cell Struct Funct 26, 25–35.

[15] Hsu JY and Wakelee HA (2009). Monoclonal antibodies targeting vascular
endothelial growth factor: current status and future challenges in cancer therapy.
BioDrugs 23, 289–304.

[16] Waldner MJ and Neurath MF (2012). Targeting the VEGF signaling pathway in
cancer therapy. Expert Opin Ther Targets 16, 5–13.

[17] Belur LR, Podetz-Pedersen KM, Sorenson BS, Hsu AH, Parker JB, Carlson CS,
Saltzman DA, Ramakrishnan S, and McIvor RS (2011). Inhibition of
angiogenesis and suppression of colorectal cancer metastatic to the liver using
the Sleeping Beauty Transposon System. Mol Cancer 10, 14.



Neoplasia Vol. 19, No. 2, 2017 Adjuvant CAPOX and Bevacizumab for Resectable CRLM Snoeren et al. 99
[18] Drixler TA, Borel Rinkes IH, Ritchie ED, van Vroonhoven TJ, Gebbink MF,
and Voest EE (2000). Continuous administration of angiostatin inhibits
accelerated growth of colorectal liver metastases after partial hepatectomy. Cancer
Res 60, 1761–1765.

[19] Shaheen RM, Tseng WW, Davis DW, Liu W, Reinmuth N, Vellagas R,
Wieczorek AA, Ogura Y, McConkey DJ, and Drazan KE (2001). Tyrosine
kinase inhibition of multiple angiogenic growth factor receptors improves
survival in mice bearing colon cancer liver metastases by inhibition of endothelial
cell survival mechanisms. Cancer Res 61, 1464–1468.

[20] Snoeren N, Voest EE, Bergman AM, Dalesio O, Verheul HM, Tollenaar RA,
van der Sijp JR, Schouten SB, Borel Rinkes IH, and van Hillegersberg R (2010).
A randomized two arm phase III study in patients post radical resection of liver
metastases of colorectal cancer to investigate bevacizumab in combination with
capecitabine plus oxaliplatin (CAPOX) vs CAPOX alone as adjuvant treatment.
BMC Cancer 10, 545.

[21] Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, Filiberti A,
Flechtner H, Fleishman SB, and de Haes JC (1993). The European Organization for
Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in
international clinical trials in oncology. J Natl Cancer Inst 85, 365–376.

[22] Allegra CJ, Yothers G, O'Connell MJ, Sharif S, Petrelli NJ, Lopa SH, and
Wolmark N (2013). Bevacizumab in stage II-III colon cancer: 5-year update of
the National Surgical Adjuvant Breast and Bowel Project C-08 trial. J Clin Oncol
31, 359–364.

[23] de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, Boni C,
Cortes-Funes H, Cervantes A, and Freyer G, et al (2000). Leucovorin and
fluorouracil with or without oxaliplatin as first-line treatment in advanced
colorectal cancer. J Clin Oncol 18, 2938–2947.

[24] de Gramont A, Van Cutsem E, Schmoll HJ, Tabernero J, Clarke S, Moore MJ,
Cunningham D, Cartwright TH, Hecht JR, and Rivera F (2012). Bevacizumab
plus oxaliplatin-based chemotherapy as adjuvant treatment for colon cancer
(AVANT): a phase 3 randomised controlled trial. Lancet Oncol 13, 1225–1233.

[25] Grothey A and Allegra C (2012). Antiangiogenesis therapy in the treatment of
metastatic colorectal cancer. Ther Adv Med Oncol 4, 301–319.

[26] Tappy L, Cayeux MC, Gillet M, Koestinger A, Matter M, Revelly JP, Berger M,
Vallet C, and Chiolero R (2002). Measurement of the whole body clearance of
infused glycerol as a test of liver function after major hepatectomy. Clin Physiol
Funct Imaging 22, 266–270.

[27] Hochster HS, Hart LL, Ramanathan RK, Childs BH, Hainsworth JD, Cohn AL,
Wong L, Fehrenbacher L, Abubakr Y, and Saif MW (2008). Safety and efficacy
of oxaliplatin and fluoropyrimidine regimens with or without bevacizumab as
first-line treatment of metastatic colorectal cancer: results of the TREE Study. J
Clin Oncol 26, 3523–3529.

[28] Van Cutsem E, Rivera F, Berry S, Kretzschmar A, Michael M, DiBartolomeo M,
Mazier MA, Canon JL, Georgoulias V, and Peeters M, et al (2009). Safety and
efficacy of first-line bevacizumab with FOLFOX, XELOX, FOLFIRI and
fluoropyrimidines in metastatic colorectal cancer: the BEAT study. Ann Oncol
20, 1842–1847.

[29] Kabbinavar FF, Wallace JF, Holmgren E, Yi J, Cella D, Yost KJ, and Hurwitz HI
(2008). Health-related quality of life impact of bevacizumab when combined
with irinotecan, 5-fluorouracil, and leucovorin or 5-fluorouracil and leucovorin
for metastatic colorectal cancer. Oncologist 13, 1021–1029.

[30] Batchelor TT, Sorensen AG, di Tomaso E, Zhang WT, Duda DG, Cohen KS,
Kozak KR, Cahill DP, Chen PJ, and Zhu M (2007). AZD2171, a pan-VEGF
receptor tyrosine kinase inhibitor, normalizes tumor vasculature and alleviates
edema in glioblastoma patients. Cancer Cell 11, 83–95.

[31] Mancuso MR, Davis R, Norberg SM, O'Brien S, Sennino B, Nakahara T, Yao
VJ, Inai T, Brooks P, and Freimark B (2006). Rapid vascular regrowth in tumors
after reversal of VEGF inhibition. J Clin Invest 116, 2610–2621.

[32] Ebos JM, Lee CR, Cruz-Munoz W, Bjarnason GA, Christensen JG, and Kerbel
RS (2009). Accelerated metastasis after short-term treatment with a potent
inhibitor of tumor angiogenesis. Cancer Cell 15, 232–239.

[33] Paez-Ribes M, Allen E, Hudock J, Takeda T, Okuyama H, Vinals F, Inoue M,
Bergers G, Hanahan D, and Casanovas O, et al (2009). Antiangiogenic therapy
elicits malignant progression of tumors to increased local invasion and distant
metastasis. Cancer Cell 15, 220–231.

[34] Primrose J, Falk S, Finch-Jones M, Valle J, O'Reilly D, Siriwardena A,
Hornbuckle J, Peterson M, Rees M, and Iveson T, et al (2014). Systemic
chemotherapy with or without cetuximab in patients with resectable colorectal
liver metastasis: the New EPOC randomised controlled trial. Lancet Oncol 15,
601–611.


	Randomized Phase III Study to Assess Efficacy and Safety of Adjuvant CAPOX with or without Bevacizumab in Patients after Re...
	Introduction
	Material and Methods
	Patients
	Treatment
	Amendment of the Trial
	Study Design
	Primary End Point
	Secondary End Points
	Data Collection
	Funding of the Trial
	Statistical Analysis
	Premature Closure of the Trial

	Results
	Patients
	Treatment
	Survival
	Toxicity
	Quality of Life

	Discussion
	Participating centers

	References


