
Abstract. Background: The place of bevacizumab in
therapy of patients with initially non-resectable liver
metastases from colorectal cancer (CRC) remains debated.
Bevacizumab may increase the efficacy of chemotherapy but
it may also maintain dormant micrometastases in a dormant
state, eventually increasing the long-term likelihood of tumor
relapse. The aim of this study was to explore this hypothesis.
Patients and Methods: A retrospective case–control study
was performed in patients with initially non-resectable CRC
liver metastases. Metastases were rendered resectable after
chemotherapy with (cases) or without (controls)
bevacizumab. Cases and controls were matched for
synchronicity, number and maximal size of metastases. The
main objective was the disease-free survival (DFS). Results:
A total of 82 patients were enrolled (41 in each group). The
median DFS was 12.0 months in the bevacizumab group, and
10.2 months in the group treated with chemotherapy alone
(p=0.26). Conclusion: We observed no significant effect on
DFS for bevacizumab when added to chemotherapy in
patients with initially non-resectable liver metastases.
Prospective trials on this issue are warranted.

Colorectal cancer (CRC) is the second cause of cancer-
related death in Western countries (1). Nearly half of all
patients with CRC will develop metastases, the liver being
the main metastatic site (2). Surgical resection is associated
with a prolonged survival (40-50% 5-year survival rate),
with a hope for cure (3). Liver metastases are initially

resectable in 15-20% of cases, and a perioperative or
postoperative FOLFOX [oxaliplatin, 5-fluorouracil (5-FU)
and leucovorin] regimen is generally proposed (4). In the
majority of patients, liver metastases are not initially
resectable, but a chemotherapy (oxaliplatin/irinotecan-based
regimen) can render these metastases resectable in 20-30%
of cases (5). Generally, after resection of initially non-
resectable metastases, the same chemotherapy schedule is
resumed after surgery. Currently, first-line chemotherapy in
patients with non-resectable metastases is frequently
associated with bevacizumab, an anti-antiogenic monoclonal
antibody directed against vascular endothelial growth factor
A (VEGFA). This strategy is based on the demonstrated
benefit in terms of overall survival (OS) when bevacizumab
was added to chemotherapy in a palliative setting (6).

The accurate place of bevacizumab in patients with liver
metastases that are initially non-resectable but potentially
resectable after conversion chemotherapy is still debated.
Firstly, there are no available results from prospective
randomized trials comparing chemotherapy alone to
chemotherapy plus bevacizumab in this setting. Secondly, the
increase in the objective response rate is only 10% by adding
bevacizumab, which probably translates into a limited
increase in the resection rate. Additionally, results of trials
performed after resection of stage III colonic cancer
indicated no benefit for use of bevacizumab in addition to
oxaliplatin-based adjuvant chemotherapy (7, 8). Moreover,
in the AVANT trial assessing oxaliplatin-based chemotherapy
with or without bevacizumab after resection of a stage III
colon cancer, a deleterious effect of bevacizumab for
disease-free survival (DFS) was suggested (8). The
explanation for this potent long-term deleterious effect
remains unclear. One hypothesis is that bevacizumab may
maintain residual dormant tumor cells in dormancy, a state
in which these cells are resistant to chemotherapy. Escape
from the dormant state is indeed related to the angiogenic
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switch, with a prominent role of VEGFA (9). It is therefore
theoretically possible that the addition of bevacizumab to
chemotherapy in patients with initially non-resectable liver
metastases will be associated with an increased risk of
relapse.

In order to explore this hypothesis, we conducted a
retrospective case–control study to assess the role of
bevacizumab in such a setting.

Patients and Methods 

We conducted a retrospective study performed on patients with
initially non-resectable liver metastases from CRC in whom
metastases were rendered resectable after chemotherapy with or
without bevacizumab. All patients were treated at the University
Hospital of Lille, France. The study has been declared to the local
Ethic Committee.

Study population. Eligible patients were 18 years or older, with
histologically confirmed CRC and initially unresectable liver
metastases. The unresecability was stated by a multidisciplinary
board including at least one experienced hepato-biliary surgeon.
Patients were included if they had undergone a resection for
metastases after conversion chemotherapy, with or without
bevacizumab. Other eligibility criteria were as follows: no evidence
of extra-hepatic metastases on computed tomographic scan and
positon-emission tomography (PET). No previous chemotherapy in
the metastatic setting was allowed. 

Patients meeting the following criteria were excluded:
macroscopic incomplete resection of metastases (R2), other cancer
within 5 years (except for squamous cell carcinoma of the skin and
in situ cervical cancer). 

This was a case–control study, cases corresponding to patients
who received chemotherapy plus bevacizumab, and controls
corresponding to patients who received chemotherapy alone. In
order to reduce selection bias, cases and controls were treated by
the same multidisciplinary team at two different periods of time.
The cases were treated between 2006 and 2010, after the approval
of bevacizumab in first-line treatment of metastatic CRC (in 2005).
The controls were treated between 2003 and 2005, when
bevacizumab was not available. Using the same treatment period for
cases and controls would have resulted in an imbalance between the
two groups, very high-risk patients would probably have
preferentially received chemotherapy plus bevacizumab. 

Cases and controls were matched according to the main
prognostic factors integrated by Fong et al.’s score (10):
synchronicity of metastases (interval between primary and
metastases, ±1 month); number of metastases (in the case of more
than five metastases, patients were matched with a variability of ±2
units); maximal diameter of the metastases (in case of >5 cm size,
±1 cm variability was accepted).

Treatments. All patients received chemotherapy with or without
bevacizumab every 2 weeks. FOLFOX regimen was defined as 85
mg/m2 oxaliplatin intravenously on day 1 and 200 mg/m2
leucovorin intravenously on days 1 and 2, 400 mg/m2 bolus of 5-
FU intravenously on day 1 followed by a 46-h infusion of
fluorouracil (2400 mg/m2). FOLFIRI was defined as a 90-min
intravenous infusion of irinotecan (180 mg/m2) followed by a
simplified LV5FU2 regimen [400 mg/m2 leucovorin and bolus
fluorouracil (400 mg/m2) on day 1 followed by a 46-h infusion of
fluorouracil (2400 mg/m2)]. FOLFOX or FOLFIRI were
administered with 5 mg/kg bevacizumab for cases.

Follow-up. Patients underwent a complete physical examination,
imaging, and serum carcino-embryonic antigen (CEA) measurement,
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Table I. Patients’ baseline characteristics.

Characteristic                                                                                     Chemotherapy plus bevacizumab (n=41)           Chemotherapy alone (n=41)

Median age (range), years                                                                                         60 (39-79)                                                  65 (28-84)
Male gender, n (%)                                                                                                     18 (43.9)                                                     21 (51.5)
Primary colon, n (%)                                                                                                  36 (87.8)                                                     33 (80.5)
Primary T stage, n (%)
   T1-T2                                                                                                                         3 (7.3)                                                         4 (9.7)
   T3-T4                                                                                                                       38 (92.7)                                                     37 (90.3)
Primary N stage, n (%) 
   N0                                                                                                                             13 (31.7)                                                     13 (31.7)
   N+                                                                                                                             27 (65.8)                                                     24 (58.6)
   Nx                                                                                                                               1 (2.5)                                                         4 (9.7)
Bilobar liver metastases, n (%)                                                                                  33 (80.5)                                                     23 (56.1)
Median no. of metastases (range)                                                                               3 (1-10)                                                      3 (1-10)
Median maximal diameter of metastases (range), cm                                               4 (1-13)                                                      4 (1-14)
Synchronous metastases, n (%)                                                                                  31 (75.6)                                                     31 (75.6)
Chemotherapy regimen, n (%)
   FOLFOX                                                                                                                    3 (7.3)                                                       20 (49.5)
   FOLFIRI                                                                                                                  38 (92.7)                                                     21 (51.5)
Median no. of preoperative cycles (range)                                                                 6 (2-14)                                                      6 (3-12)
Median no. of postoperative cycles (range)                                                                6 (2-8)                                                       6 (1-11)



before initiation of the chemotherapy. Imaging was performed every
four chemotherapy cycles, immediately before and within 4 weeks
after surgery of metastases. A PET scan was performed before
chemotherapy and before surgery. Imaging and CEA determination
were repeated at the end of postoperative chemotherapy, every 3
months for 2 years, and every 6 months thereafter. The total number
of chemotherapy cycles (with or without bevacizumab) was not fixed
but our policy was to recommend six cycles before and six cycles
after surgery.

Data collection. The following data were collected: demographic
features: age and gender; primary tumor features: date of diagnosis,
location (colon or rectum), date of resection, TNM status, and
adjuvant chemotherapy; features of liver metastases: date of
diagnosis, number of metastases, maximal size and localization
inside the liver (one or two lobes); type of resection: R0
(microscopic negative margins) or R1 (microscopic positive
margins); chemotherapy features: type of chemotherapy regimen,
bevacizumab or not, total number of cycles, preoperative and
postoperative number of cycles; follow-up: date of the last visit,
date of recurrence, and date of death.

Objectives. The main objective was the DFS, defined as the interval
between the resection of liver metastases and recurrence, regardless
of the location, or death from any cause.

The OS was not retained as a main objective because, as
mentioned above, cases and controls were not treated during the
same periods of time. A patient in the control group treated before
2005 and experiencing relapse early could not receive targeted
therapies [bevacizumab/anti-epidermal growth factor (EGFR)], in
contrast to patients in the case group who were all treated after
2005. Consequently it was hazardous to compare OS after relapse.
Hence OS was a secondary objective.

Statistical analysis. Statistical analyses were carried out with SAS
(SAS Institute Inc., Cary, NC, USA). Patient baseline characteristics
and disease were summarized using descriptive statistics. The link
between the kind of treatment and DFS was studied by Cox’s model
(multivariate analysis). We used a fragility model to take into
account the matching. In this model, the unpredictable effect was the
block of matching. A value of p≤0.05 was considered statistically
significant in all analyses. In this retrospective exploratory study, no
required sample size calculation was performed.

Results

Patient’s baseline characteristics. From January 2000 to
May 2010, 82 patients were included: 41 patients in the
chemotherapy alone group (controls) and 41 in the
chemotherapy plus bevacizumab group (cases). Patient’s
characteristics were well balanced between the two groups
(Table I).

Objective response and resection rate for liver metastases. The
median number of chemotherapy cycles before surgery was 6
(range=2-14) in the bevacizumab group [data missing for two
patients (6.5%)] and 6 (3-12) in the group treated with
chemotherapy alone [data missing for three patients (9.6%)]. 

Objective response to preoperative chemotherapy was
obtained in 18 patients (43.9%) in the bevacizumab group
and 15 patients (36.6%) in the group treated with
chemotherapy alone. All other patients had a minimum
response allowing resection of metastases. The resection
types (R0 or R1) were similar between the two groups.

Disease-free survival. The median (range) DFS was 12.0
(0.9-30.0) months in the bevacizumab group, and 10.2
months (1.5-121.1) in the chemotherapy-alone group (Figure
1). This difference was not statistically significant [hazard
ratio (HR)=1.3, 95% confidence interval (CI)=0.81-2.15;
p=0.26]. 

The median (range) OS was 31 (0.8-69.1) months and 43
(5.8-128.7) months in the bevacizumab group and the
chemotherapy-alone group, respectively. This difference was not
statistically significant (HR=1.0, 95% CI=0.23-5.0; p=0.92).

Synchronicity of metastases had no prognostic value for
DFS (HR=0.5, 95% CI=0.31-1.08; p=0.08), as well as
number of metastases (HR=1.0, 95% CI=0. 92-1.13;
p=0.65). Maximal size of metastases was a prognostic factor
for DFS (HR=1.0, 95% CI=1.009-1.184; p=0.02).

Discussion

The question of whether to add a targeted therapy to
chemotherapy in patients with potentially resectable liver
metastases from CRC remains crucial. The present case–control
study showed no benefit in terms of DFS when bevacizumab
was added to conversion FOLFOX or FOLFIRI chemotherapy.
We even observed that the survival curves tended to separate
long-term in favor of the chemotherapy-alone group. These
results should be interpreted cautiously, regarding the
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Figure 1. Disease-free survival after resection of liver metastases in
patients who received chemotherapy plus bevacizumab (n=41) or
chemotherapy alone (n=41).



retrospective nature of the study, and the small sample size.
Moreover, in order to avoid selection bias, we had to include
cases and controls treated in two different periods of time.
Controls were operated on before the registration of
bevacizumab, and most of them before registration of antibodies
to EGFR. Consequently, no comparison could be performed in
terms of OS. Yet the two groups were well balanced for baseline
features, especially tumoral characteristics. We used the main
criteria of the score of Fong et al., i.e. number, maximal size
and synchronicity of metastases. We did not retain the two
remaining criteria of this score, nodal status of the primary and
preoperative CEA concentration. In fact the distributions of
nodal status were not significantly different between the two
groups. CEA concentration was not available for all patients,
and its prognostic value remains debated (11, 12). Finally, the
prognostic score of Fong et al. was established in patients with
resected metastases who received no chemotherapy or 5-FU
monotherapy before the era of oxaliplatin and irinotecan. In the
recent MIROX study performed on 284 patients with initially
resectable metastases, we compared two chemotherapy
schedules: 12 FOLFOX4 cycles vs. six FOLFOX7 cycles
followed by six FOLFIRI cycles. The chemotherapy timing was
decided by the investigator and was either perioperative or
postoperative. All patients were stratified for the chemotherapy
timing and Fong et al.’s score. No difference was found in terms
of DFS and OS. Interestingly, the multivariate analysis indicated
a prognostic value only for number, size, and synchronicity of
metastases (13). 

Of note, in the present study, more patients in the
bevacizumab group had bilobar metastases, but in a recent
retrospective study on 273 patients operated on for liver
metastases, we found no prognostic value for distribution of
liver metastases (14). 

Another theoretical criticism regarding the present study
is that all selected patients were operated on, which does not
allow assessment of the potent impact of bevacizumab on
resection rate. Our study was rather designed to assess the
long-term effects of bevacizumab on DFS in patients who
had a successful surgical procedure. Moreover, the impact of
bevacizumab on resection rate of metastases remains
debated, and has not been directly assessed in prospective
trials comparing chemotherapy with or without bevacizumab
in patients with metastases limited to the liver.

Two recent trials assessed the place of bevacizumab in
patients with initially non-resectable metastases, but
bevacizumab was used in all investigational arms. The
randomized phase II OLIVIA trial compared bevacizumab
plus FOLFOX and bevacizumab plus FOLFOXIRI in 80
patients with non-resectable liver metastases (15).
Bevacizumab-FOLFOXIRI appeared superior in terms of the
R0 resection rate (48.8% vs. 23.1%, p=0.017) and in terms
of DFS (18.8 vs. 12.0 months). Yet the specific place of
bevacizumab cannot be determined from this trial.

The phase III TRIBE trial compared bevacizumab plus
FOLFIRI and bevacizumab plus FOLFOXIRI in 508 patients
with non-resectable liver metastases (16). No significant
difference was observed between the two arms, but the
quadritherapy appeared superior in terms of progression-free
survival (12.1 vs. 9.7 months, p=0.003). Once again, the
clear place of bevacizumab was not assessable. 

A recent retrospective study evaluated the impact of
bevacizumab added to perioperative chemotherapy on survival
in 501 patients (17). In this study 384 patients were compared
who received chemotherapy (generally FOLFOX) plus
bevacizumab, and 117 patients who received chemotherapy
alone. Bevacizumab had no effect on 3-year DFS rate (7.4 vs.
7.9%, p=0.082) and OS rate (76.4 vs.79.8%). Regarding DFS,
the curve for patients treated with chemotherapy alone was
above that for the chemotherapy plus bevacizumab group. This
study was performed on a large patient series but the patients
were not matched regarding the main prognostic factors. We
cannot exclude that patients who received bevacizumab had a
more aggressive disease. Specifically, a trend for imbalance
appeared for the number of metastases (p=0.072). Additionally,
discrepancies were observed for follow-up between the two
arms, explained by the fact that only patients followed-up for
at least 12 months were included. Nonetheless, and
interestingly, the results were similar to those of our study. 

Another targeted therapy, cetuximab, an antibody against
EGFR, has been assessed in patients with initially resectable
liver metastases from Kirsten RAS (KRAS) wild-type CRC in
the New EPOC trial (18). This trial compared perioperative
chemotherapy (generally FOLFOX) with or without
cetuximab. The trial was stopped prematurely, with an
apparent deleterious effect of cetuximab in terms of DFS (14.1
vs. 20.5 months). This result is consistent with those obtained
in an adjuvant setting after resection of a stage III colon cancer
(19). We cannot exclude a role for anti-EGFR therapy in
patients with initially non-resectable liver metastases, taking
into account that this setting has never been directly explored
in prospective trials, similarly to bevacizumab.

Prospective trials evaluating bevacizumab and anti-EGFR
are currently ongoing. The EORTC BOS-2 trial is comparing
perioperative FOLFOX alone or associated with bevacizumab
or panitumumab in patients with initially resectable liver
metastases from RAS-wild type CRC, integrating the new
KRAS and the NRAS mutations (20).

To conclude, our study indicated no significant effect on
DFS from bevacizumab when added to perioperative
chemotherapy in patients with initially non-resectable liver
metastases from CRC. Prospective trials of bevacizumab in
this setting are warranted for clarification of this issue. 

Clinical Practice Points
The place of bevacizumab in addition to chemotherapy in patients
with initially unresectable liver metastases from CRC remains
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controversial. In this retrospective case–control study, we found no
benefit for adding bevacizumab in terms of disease-free survival.

Prospective trials of bevacizumab in this setting are warranted
for clarification of this issue. 
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