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ARTICLE INFO ABSTRACT

Keywords: Introduction: Intra-arterial hepatic (IAH) treatment has shown promising results in the management of patients
Intra-arterial hepatic with unresectable colorectal liver metastases (CRLM) the prognosis of which is poor. Bevacizumab adjunction to
Bevacizumab

standard chemotherapy has been shown to improve survival of this patient population. This prospective study
Liver metastasis was conducted to assess the efficacy and safety of IAH bevacizumab combined to systemic chemotherapy after
Colorectal cancer first-line treatment failure in patients with CRLM.

Phase 2 trial Methods: Included patients had dominant or isolated unresectable CRLM progressing after standard first-line
treatment for metastases of colorectal cancer. Three patients had less than 30% liver invasion, three patients
between 30 and 50%, two more than 50% and data was missing in two patients. An intra-hepatic catheter was
implanted surgically or percutaneously. Bevacizumab 7.5 mg/kg was administered once every 3 weeks in
combination with capecitabine 2000 mg/m? per day for 2 weeks and oxaliplatin 130 mg/m? or irinotecan 200
mg/m? once every 3 weeks. The primary end-point was the objective response rate.

Results: Between June 2013 and February 2015, 10 patients were included. The trial was prematurely closed
because of the lack of financial support and poor accrual. The patients had a median of 6 [1-9] cycles of
treatment. Partial response was achieved in 2 patients (20%) and a RO liver metastases resection in one another.
All patients died of disease progression. The median overall and progression-free survival rates were respectively
14.0 (95% IC [4.8 — 25.8] and 5.4 months (95% IC [1.6 — 6.2]). Four patients had severe side effects but no toxic
death occurred.

Conclusion: IAH bevacizumab combined to systemic chemotherapy is feasible and safe in patients with unre-
sectable isolated or dominant CRLM progressing after a first-line systemic treatment. Based on the low number of
patients included in our study, our results suggest that this treatment does not increase dramatically the response
rate versus an adapted systemic treatment. However, considering the safety data provided in this study, arterial
infusion of bevacizumab in adjunction to chemotherapeutic agents could be evaluated in the future.

Systemic chemotherapy

Introduction

Complete surgical resection is the only real hope of cure for patients
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with colorectal liver metastases (CRLM) [1]. Fifteen to thirty percent of
patients with CRLM will be eligible for curative surgery [1]. The prog-

Abbrevations

ALT alanine aminotransferase

AST aspartate aminotransferase

CE cetuximab

CI confidence interval

CRLM  colorectal liver metastasis

CT computed tomography

ECOG Eastern Cooperative Oncology Group

HAI hepatic arterial infusion

IAH intra-arterial hepatic

IAHC intra-arterial hepatic chemotherapy

v intravenous

LM liver metastasis

MRI magnetic resonance imaging

NCI-CTCAE National Cancer Institute Common Terminology
Criteria for Adverse Events

RECIST Response Evaluation Criteria In Solid Tumors

TDM tomodensitometry

VEGF vascular endothelial growth factor

nosis is poor for the others with a median overall survival of around 3
years even with new systemic combination treatments [2-4].

For the 10 to 20% of patients suffering from liver-limited disease,
intra-arterial hepatic chemotherapy (IAHC) is a logical treatment since
liver metastases (LM) are preferentially vascularized by the arterial
hepatic system whereas non-tumoral liver parenchyma is principally
perfused by the portal vein [5]. Furthermore, this approach increases the
concentration of drug delivered to the CRLM and reduces the systemic
concentration after first pass hepatic metabolism thus decreasing sys-
temic side effects [6].

Studies comparing IAHC to intravenous (IV) chemotherapy con-
cerned only monotherapies (floxuridin or 5-fluorouracil) and results are
inconsistent [7,8]. Oxaliplatin was later shown to replace fluoropyr-
imidines with very promising results in chemotherapy-naive patients
[9]. A high rate of partial responses (62%) was then achieved with he-
patic arterial infusion of oxaliplatin combined to IV LV5FU2 after a
systemic chemotherapy failure, which allowed surgical resection of
initially unresectable CRLM in 18% of the included patients [10].

Currently, the management of unresectable CRLM is often based on
the combination of chemotherapy and targeted therapies. One such
therapy is bevacizumab, a recombinant humanized monoclonal anti-
body directed against vascular endothelial growth factor (VEGF) which
plays a major role in the growth and survival of tumor blood vessels
[11]. Addition of systemic bevacizumab improves the efficacy of
oral/intra-venous chemotherapy used in the first-line treatment of
metastatic colorectal cancer [12-14]. Its use in second-line treatment
also appears to be efficient. In a study comparing FOLFOX versus
FOLFOX-bevacizumab in patients with disease progression after a
first-line treatment with FOLFIRI, addition of the antiangiogenic agent
increased the median overall survival from 10.8 to 12.9 months [15].
Moreover, data suggested that continuation of bevacizumab after first
progression improved overall and progression free-survival in patients
with CRLM [16,17].

No data are available on hepatic intra-arterial administration of anti-
angiogenic agents in the treatment of CRLM. This study was therefore
conducted to evaluate the feasibility, efficacy (objective response rate,
(ORR)) and safety of hepatic intra-arterial infusion of bevacizumab
combined with systemic chemotherapy in the treatment of non-
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resectable hepatic metastases of colorectal cancer in patients with pro-
gressive disease after first-line chemotherapy.

Methods
Study design and patients

The BEVIAC study was performed as a multicenter, non-randomized,
open-label, phase 2 trial conducted in five academic centers in France
(EudraCT Number: 2011-005559-15).

Eligible patients had histologically-confirmed, isolated or dominant
hepatic metastases, progressing after standard first-line treatment for
metastases of colorectal cancer (except intra-arterial bevacizumab).
Hepatic metastases had to be inaccessible to curative hepatectomy or
necessitate a complex, wide (5 or more hepatic segments) or risky sur-
gery. When present, extra-hepatic metastases had to be small and
potentially accessible to resection with hope of cure (one or two pul-
monary metastases, localized resectable lymph node).

At least one measurable lesion, as defined by version 1.1 of the
response evaluation criteria in solid tumors (RECIST), was required.

Presence of an asymptomatic primary colorectal tumor was not an
exclusion criterion. Patients could be included in the study if metastases
occurred within 6 months after the end of the adjuvant therapy.

Other major inclusion criteria were an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, age between 18 and 75
years, life expectancy longer than 3 months, bilirubin level < 1.5 N, AST
and ALT < 5 N, creatinine < 1.5 N, neutrophils count > 1.5 x 109/L,
platelets > 100 x 10°/L, hemoglobin > 9 g/dL (patients may have been
transfused) and baseline imagery (CTscan (TDM) and/or magnetic
resonance imagery (MRI)) < 28 days.

All patients had to be covered by the French social security system
for health insurance and had to give their written informed consent.

Patients presenting a contra-indication to treatment were excluded.
These were: allergy to any component, peripheral neuropathy, kidney
failure, hepatic insufficiency, heart failure (coronary artery disease,
heart arrhythmia), bleeding or thromboembolism disorders, uncon-
trolled arterial hypertension, gastroduodenal ulcer, unconsolidated
bone fracture, chronic non-healing wound or incomplete wound healing
after catheter placement, uncontrolled infection or severe disease.

Also excluded were patients with an inflammatory digestive disease
or bowel obstruction/sub-obstruction, those unable to sign consent or
that would be difficult to follow up due to their psychological,
geographic, or social status; legal incapacity also contraindicated the
inclusion.

Pregnant women and women not using effective contraception were
not enrolled.

Procedures

An intrahepatic arterial catheter was implanted after hepatic angi-
ography, either surgically via a technique we have described previously
[10] or percutaneously via the femoral artery route [18]. Catheter
permeability was controlled up to 28 days before starting intra-arterial
therapy to ensure that the catheter was usable and that there was no
extra-hepatic perfusion. After insertion, the catheter was left unused for
ten days to allow healing.

Bevacizumab was administered intra-arterially at 7.5 mg/kg once
every three weeks, capecitabine was given orally at 2000 mg/m? per day
in two divided doses for two weeks (total dose/cycle: 28,000 mg), fol-
lowed by one week rest before intravenous administration of irinotecan
at 200 mg/m? (if oxaliplatin was used as first-line treatment) or oxali-
patin at 130 rng/rn2 (if irinotecan was used as first-line treatment) once
every three weeks in 21-day treatment cycles.

Treatment was to be continued until signs of disease progression
reappeared, occurrence of an adverse event requiring treatment cessa-
tion, withdrawal of consent or technical impossibility.
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In the event of curative surgery or full response, the treatment was to
be continued at least 3 months following the surgery or complete
response depending on tolerance.

Tumor assessments were made at baseline up to 28 days before
starting the treatment and were repeated every 9 weeks (3 cycles) in
accordance with RECIST version 1.1. All patients underwent tumor
imaging including CT scans of the chest, abdomen and pelvis; positron
emission tomography (PET)-CT, hepatic MRI, brain and bone CT scans
were performed if necessary. Tumor assessments were made until signs
of progression.

Safety was continuously assessed and graded using the National
Cancer Institute Common Terminology Criteria for Adverse Events (NCI-
CTCAE) version 4.0. Laboratory testing (hematology, serum chemistry,
tumor markers, pregnancy test and electrocardiograms) was done at
baseline. Complete blood count was done weekly, clinical examination
and serum chemistry every three weeks and tumor markers every 9
weeks.

Catheter patency was assessed at least every 2 cycles (6 weeks) by
angiography or angioscintigraphy.

The primary endpoint was objective response rate (ORR) defined
according to RECIST 1.1 criteria. Secondary end-points were overall
survival, toxicity, duration of tumoral response, progression-free sur-
vival, cumulative rate of progression of intra and extra hepatic disease,
disease control rate and duration, and secondary surgical resection rate.

Statistical analysis

Sample size was based on one-step Fleming design: 46 patients would
be necessary to achieve the power of at least 90% to test the null hy-
pothesis of the proportion of patients achieving an objective response to
the intravenous chemotherapy-intra-arterial bevacizumab combination
being 25% or less versus the alternative hypothesis of the same pro-
portion being 45% or more, with a one-sided alpha of 0.05. To account
for the risk of secondary ineligibility (5% stopping intra-arterial therapy
due to catheter dysfunction), it was decided to enroll 48 patients.
Sixteen objective responses were needed to declare the study positive.
The efficacy analysis was performed on an intent-to-treat basis.

No statistical test was performed. Results were presented as
descriptive statistics with a 95% confidence interval (CI). Toxicity
interim analysis was to be performed after inclusion of 10 patients
treated with at least 2 cycles. It was decided to stop the study in the
event of a hepatic artery thrombosis occurring in more than 10% of the
patients.

Results

Between June 2013 and February 2015, 10 patients from 5 centers
were included. The trial was suspended on February 2015 for the
planned interim analysis on early toxicity. After the completion of the
toxicity analysis, due to low accrual and lack of financial support, the
trial was prematurely closed.

Patient characteristics

Patients and disease characteristics at baseline are described in
Table 1. The median duration of the first-line metastatic treatment was
6.1 months [1.9-8.1]. KRAS-mutation was found in 3 patients, NRAS-
mutation in 1 patient and no patient had BRAF-mutation (however
data are missing for one). All patients received intra-venous chemo-
therapy (FOLFIRI, FOLFOX or FOLFIRINOX) in combination with a
target therapy (cetuximab, bevacizumab or aflibercept) with the
exception of two patients who received chemotherapy only (one patient
received only FOLFIRINOX and one patient received FOLFOX plus intra-
arterial irinotecan before the start of the study period but was included
in the study by approval of the principal investigator). Three patients
had less than 30% liver invasion, three patients between 30 and 50%,
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Table 1

— Patient characteristics at baseline.
Characteristics n=10
Age, years
Median (range) 61 [32;70]
Sex
Male 6 (60%)
Female 4 (40%)
Performance status
0 7 (70%)
1 3 (30%)
Location of primitive tumor
Colon 7 (70%)
Rectum 2 (20%)
Recto-sigmoid junction 1 (10%)
Extra-hepatic disease
Yes 4 (40%)
No 6 (60%)
Lung disease
Yes 2 (20%)
No 8 (80%)
Nodal disease
Yes 3 (30%)
No 7 (70%)
First-line metastatic treatment
FOLFOX 3 (30%)
FOLFIRI 4 (40%)
FOLFIRINOX 3 (30%)
Bevacizumab 4 (40%)
Cetuximab 3 (30%)
Aflibercept 1 (10%)
Irinotecan IAC* 1 (10%)

%combined with FOLFOX.
two more than 50% and data was missing in two patients.
Treatment

Catheter placement was performed via interventional radiology for
nine patients and surgically for one. For nine patients, the catheter was
implanted in the gastroduodenal artery and in the intra-hepatic artery
for one. Arterial embolization was needed for eight patients.

The catheter was not functional at 5 (9%) out of 53 checks: it was
replaced once, and needed to be unblocked 4 times. One patient pre-
sented a thrombosis of the hepatic artery during the first cycle which led
to their exiting from the protocol; this thrombosis was considered to be
related to catheter placement and not to the use of bevacizumab.
Another patient stopped treatment due to gastrointestinal toxicity and
asthenia.

Patients underwent a median of 6 [range:1-9] cycles of chemo-
therapy; the patient with the obstruction of the hepatic artery at the first
cycle underwent only one cycle. Bevacizumab was always administered
intra-arterially except for one cycle in which it was administered
intravenously due to hyperthermia in the patient. The median dose of
bevacizumab was 7 mg/kg/cycle (range 5-8 mg/kg) for a total of 57
cycles; one patient needed a dose adjustment for his last cycle. Three
patients received oxaliplatin for a total of 15 cycles with a median dose
of 124 mg/m?/cycle (range 95-132 mg/m?); for two of these patients,
the dose was reduced due to signs of neurological toxicity (overall 4
cycles with reduced doses). Seven patients received irinotecan for a total
of 43 cycles at a median dose of 192 mg/m?/cycle (range 144-248 mg/
m?); the dose was reduced for 10 of these cycles in three of these patients
(due to hematological toxicity or diarrhea). The median dose of cape-
citabine was 25,470 mg/m?/cycle (range 2,025-29 479 mg/m?) for a
total of 54 cycles; two patients received LV5FU2 instead of capecitabine
for 4 cycles; four patients needed dose reduction for 5 cycles overall:
three of capecitabine, two of LV5FU2.

The reasons for treatment discontinuation were surgery, thrombosis
of hepatic artery, therapeutic pause (fatigue and specific patient
request), treatment discontinuation over 30 days, or medical committee
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decision, and for the remaining 5 patients it was due to progression
(50%). The operated patient did not receive the protocol postoperative
treatment.

Efficacy

Tumoral response

The best response for each patient is represented in Fig. 1. No patient
had a complete response, two patients had a partial response according
to RECIST criteria and the rate of objective response was 22% (95%CI:
3-60%) (2 responses among 9 evaluable patients). Both patients had
progression following partial response durations of 2.9 and 6.3 months.

Five patients showed disease stability according to RECIST criteria
which lasted a median duration of 6.0 months with a 95% CI of
[4.9-7.0]; all then showed a progression.

Overall survival
All patients died due to cancer progression. The median overall
survival was 14.0 months with a 95% CI of [4.8 — 25.8] (Fig. 2).

Progression-free survival

All patients had shown disease progression confirmed radiologically.
The median progression-free survival was 5.4 months with a 95% CI of
[1.6-6.2] (Fig. 2). Five (50%) patients showed hepatic progression
alone, 2 (20%) extra-hepatic progression alone and 3 (30%) both.

Upon presenting disease progression, seven patients underwent one
(n = 1) or more (two (n = 3) or four (n = 2)) subsequent lines of
treatment. The number of lines of chemotherapy after progression is
unknown for one patient.

Secondary surgical resection rate

A RO resection of the liver metastases was achieved in one (10%)
patient with stable disease. Disease progression was in the end the cause
of death for the patient who had curative surgery, though this patient
presented the longest disease-free survival (approximately 1 year) and
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overall survival (37.5 months).

Toxicity

Safety was assessable in all patients. Grade 3 toxicities were noted in
four patients but no toxic death occurred. The most frequent severe
clinical and biological side effects (grade 3) (Table 2) were asthenia (n =
1), allergic reaction (n = 1), abdominal pain (n = 1), nausea and vom-
iting (n = 1), mucocitis (n = 1), hypertension (n = 2), thromboembolic
event (n = 1), palmar-plantar erythro-dysesthesia (n = 1), neutropenia
(n = 1) and elevated liver enzymes (n = 1). Regarding catheter toxicity,
one patient presented a thrombosis of the hepatic artery at the first cycle
which according to the investigator was related to the catheter place-
ment, one patient had an iliac vein thrombosis at the third cycle and
received an anticoagulation treatment, and one patient presented
arterio-venous fistula at the eighth cycle.

Discussion

The BEVIAC study is the first clinical trial to evaluate IAH bev-
acizumab combined with systemic chemotherapy for the treatment of
CRLM in patients with progressive disease after first-line systemic
treatment. Concomitant IAH bevacizumab and systemic chemotherapy
led to partial response in 2/10 of patients and a RO resection of liver
metastases was achieved in 1/10 patients. Median overall and
progression-free survival were respectively 14.0 months (95% CI
4.8-25.8) and 5.4 months (95% CI 1.6-6.2).

The response rate found in our study is not dissimilar to the rate
observed in previous trials evaluating the role of second-line treatment
involving the combination of chemotherapy with targeted therapies. In a
phase III study comparing FOLFOX plus intravenous bevacizumab
versus FOLFOX or bevacizumab alone in 829 patients previously treated
for a metastatic colorectal cancer, the overall response rate was 22.7% in
the chemotherapy with bevacizumab group [15]. In this same group, the
median overall survival was 12.9 months and the median
progression-free survival was 7.3 months [15].
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Fig. 1. — Overall best response.
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Table 2

— Toxicities / per patient.
Toxicity Grade 1 Grade 2 Grade 3 Grade 4

N (%) N (%)

Asthenia 6 (60%) 2 (20%) 1 (10%) 0
Anorexia 1 (10%) 2 (20%) 0 0
Nausea 5 (50%) 1 (10%) 1 (10%)
Vomiting 1 (10%) 1 (10%) 1 (10%) 0
Diarrhea 1 (10%) 3 (30%) 0 0
Abdominal pain 4 (40%) 1 (10%) 1 (10%) 0
Mucocitis 2 (20%) 0 1 (10%) 0
Palmar-Plantar Erythrodysesthesia 5 (50%) 0 1 (10%) 0
Allergic reaction 0 0 1 (10%) 0
Neuropathy 3 (30%) 6 (60%) 0 0
Anemia 6 (60%) 1 (10%) 0 0
Neutropenia 2 (20%) 0 1 (10%) 0
Thrombocytopenia 3 (30%) 0
Elevation of AST 4 (40%) 1(10%) 0 0
Elevation of ALT 3 (30%) 0 1 (10%) 0
Hyperbilirubinemia 0 1 (10%) 0 0
Hypertension 1 (10%) 0 2 (20%) 0
Proteinuria 1 (10%) 0 0 0
Thromboembolic event 0 0 1 (10%) 0
Hemorrhage 1 (10%) 0 0 0

The response rate was somewhat lower in the TML trial that had
evaluated the continuation of bevacizumab after first progression.
Indeed, in the bevacizumab combined to chemotherapy arm, only five
percent of the patients achieved a confirmed response. In this trial
however, all patients had already been given bevacizumab with
chemotherapy as a first-line treatment which may account for the lower
response rate observed in this trial. The reported overall and
progression-free survival, respectively 11.2 months (95% CI 10.4-12.2)
and 5.7 months (95% CI 5.2-6.2), were comparable to those observed in
our study and in Giantonio’s work [15,16].

Our results are also not dissimilar to those of studies evaluating
intravenous anti-angiogenic agents. The 1,226 patients of the VELOUR
trial received FOLFIRI with aflibercept or placebo after a first-line
treatment with FOLFOX +/- bevacizumab. Although there were no re-
sults concerning the response rate, survival data for bevacizumab-naive
patients who received FOLFIRI and aflibercept are consistent with ours,
with median overall and progression-free survival of 13.9 [95% IC
12.7-15.6] and 6.9 [95% IC 6.4-7.2] months respectively [19].

Almost 13% of the patients in the FOLFIRI plus ramucirumab treat-
ment arm of the RAISE study showed a complete or partial response
[20]. While this could be considered to be slightly lower than the
objective response rate of 20% found with IAH bevacizumab (however
with a CI of 3 to 60%), the populations are not comparable: we included
a very small number of patients and some of them were naive to

anti-angiogenic agents whereas the population in the RAISE trial was
much larger and all patients had received first-line bevacizumab com-
bined to chemotherapy.

To date, no clinical trial has been carried out to investigate the ef-
ficacy of IAH anti-angiogenic agents in the treatment of unresectable
CRLM. With IAH bevacizumab combined to intravenous chemotherapy,
we hoped to achieve better disease control and to increase survival
outcomes. The survival outcomes of patients in our study were not much
higher than those of studies on the use of intravenous anti-angiogenic
agents and were in fact much lower compared to those obtained with
IAH chemotherapy.

Several studies using FUDR, oxaliplatin or FOLFIRINOX obtained
objective response rates three times higher than that found in our trial
[9,21,22]. For instance, among the 28 oxaliplatin-naive patients
included in the phase II trial evaluating the role of IAH oxaliplatin, 18
showed an objective response corresponding to an objective response
rate of 64% (95% CI, 44-81%) and five patients underwent surgical
resection of their metastases with curative intent [9]. One could argue
that these patients received the IAH oxaliplatin as a first-line treatment
and therefore could have been more treatment-sensitive than the pa-
tients included in ours and other studies. However, in the OPTILIV
protocol which combined IAH polychemotherapy (oxaliplatin, irinote-
can and 5-fluorouracil) with IV targeted therapy (cetuximab), patients
with unresectable CRLM had been previously treated by at least two
chemotherapy protocols. Even in this heavily pretreated population, the
reported objective response rate of 40.6% (95% CI, 28.6-52.3) was
twice that found in our study. [22]

Although the response rate was lower than those observed with
IAHC, more than 2 out of 3 patients in our study showed disease stability
with IAH bevacizumab. In a rat model of colorectal liver metastases
[23], IAH bevacizumab completely prevented tumor growth by reducing
tumor vascularization and decreasing the number of proliferating tumor
cells. In the same study, combining IAH oxaliplatin and IAH bev-
acizumab reduced the tumor size by around 20%. A significant increase
in the number of apoptotic cells was observed in the IAH bevacizumab
plus oxaliplatin combined treatment group which did not occur in either
the IAH bevacizumab alone or IAH oxaliplatin alone groups.

The main limitation of our study is the low number of patients. While
we were on course for inclusion of the required 48 patients, lack of
financial support after the early toxicity analysis led to the early
termination of the study. Based on the small number of patients in our
study, IAH bevacizumab does not appear to offer tremendous results that
would incite continuing the evaluation of this protocol. However, the
addition of bevacizumab to oxaliplatin before infusion in the hepatic
artery may prove to be an interesting option.

The toxicity profile observed in this trial was similar to that found in
the literature. Dysfunction of the hepatic intra-arterial catheter occurred
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in 5 checks (9%) but resulted in treatment discontinuation in only one
patient with a thrombosis of the hepatic artery. Contrary to what might
have been expected, hepatic intra-arterial administration of anti-
angiogenic agents did not seem to increase thromboembolic events.
Forty percent of the patients had severe side effects but no toxic death
occurred. The main toxicities, their frequency and their intensity were
not unexpected for the drug used and the route of administration.

In conclusion, concomitant administration of IAH bevacizumab and
systemic chemotherapy is feasible for patients with unresectable CRLM
after a first-line treatment failure. Based on the low number of patients
included in our study, our results suggest that IAH bevacizumab com-
bined to IV chemotherapy does not increase dramatically the response
rate versus an adapted systemic treatment. However, considering the
safety data provided in this study, arterial infusion of bevacizumab in
adjunction to chemotherapeutic agents could be evaluated in the future.
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