
Abstract. Background: Metastases to the liver receive most of
their blood supply from the arterial route, therefore for patients
with hepatic metastases from large bowel cancer, hepatic arterial
infusion adopting drug-eluting beads preloaded with irinotecan
(DEBIRI) may offer a chance of cure. Patients and Methods: In
a multi-institutional study, 74 patients were randomly assigned to
receive DEBIRI (36) versus systemic irinotecan, fluorouracil and
leucovorin (FOLFIRI, 38). The primary end-point was survival;
secondary end points were response, recurrence, toxicity, quality
of life, cost and influence of molecular markers. Results: At 50
months, overall survival was significantly longer for patients
treated with DEBIRI than for those treated with FOLFIRI
(p=0.031, log-rank). Median survival was 22 (95% Confidence
Interval CI=21-23) months, for DEBIRI and 15 (95% CI=12-
18) months for FOLFIRI. Progression-free survival was 7 (95%
CI=3-11) months in the DEBIRI group compared to 4 (95%
CI=3-5) months in the FOLFIRI group and the difference
between groups was statistically significant (p=0.006, log-rank).
Extrahepatic progression had occurred in all patients by the end
of the study, at a median time of 13 (95% CI=10-16) months in

the DEBIRI group compared to 9 (95% CI 5-13) months in the
FOLFIRI group. A statistically significant difference between
groups was not observed (p=0.064, log-rank).The median time
for duration of improvement to quality of life was 8 (95% CI=3-
13) months in the DEBIRI group and 3 (95% CI=2-4) months
in the FOLFIRI group. The difference in duration of
improvement was statistically significant (p=0.00002, log-rank).
Conclusion: This study showed a statistically significant
difference between DEBIRI and FOLFIRI for overall survival (7
months), progression-free survival (3 months) and quality of life
(5 months). In addition, a clinically significant improvement in
time to extrahepatic progression (4 months) was observed for
DEBIRI, a reversal of the expectation for a regional treatment.
This suggests a benefit of DEBIRI treatment over standard
chemotherapy and serves to establish the expected difference
between these two treatment options for planning future large
randomized studies.

In Europe, there were an estimated 412,900 new cases of
colorectal cancer (CRC) diagnosed in 2006, with approximately
207,400 CRC-related deaths, representing the second highest
cancer mortality rate (1). In the United States more than
150.000 CRC-related deaths were reported in 2009 (2).

Nearly 25% of CRC patients present with synchronous
metastatic disease at first diagnosis, while an additional 40-
50% develop metastases during the course of their disease (3,
4). The liver will remain the only site of metastatic disease
until end-stage in most patients and a small number of patients
will be candidates for surgical resection. Liver involvement is
a major source of organ failure, morbidity, and generally leads
to death in the majority of patients (4).
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Surgical ablation is the standard treatment in patients with
resectable liver metastases (LM) but results are frequently
disappointing: 5-year survival after resection is 25-35%, and
recurrence is common (5). In addition, 40%-60% of patients
who undergo liver resection with curative intent will have new
hepatic deposits. When surgery is not feasible, chemotherapy,
radiofrequency ablation, intra-arterial chemotherapy and
transarterial chemoembolization (TACE) are possible
alternatives to achieving control of the disease in the liver. 

Chemotherapy options for metastatic CRC have expanded
over the past decades to include the newer agents irinotecan
and oxaliplatin. Incorporation of these agents into regimens
containing the traditional agents 5-fluorouracil (5-FU) and
folinic acid for first or second-line treatment has extended
median survival over 20 months but side-effects are common
(6-8). When monoclonal antibodies and angiogenesis
inhibitors were added to chemotherapy only a slightly
increase of survival was reported (9-11). Despite new
chemotherapy regimens and improvements in screening and
diagnosis, the 5-year survival rate for patients with metastatic
CRC remains dismally low at 5%, with limited options for
patients with disease refractory to chemotherapy, or for ones
that experience disease relapse.

Ablative techniques or locoregional delivery of drug allow
localised, minimally invasive therapy without systemic
toxicity or morbidity (12, 13). Hepatic arterial infusion in the
treatment of non-resectable LM from CRC has demonstrated
evidence of more responses but not a clear advantage in terms
of survival (14-17). Recently a new randomized study has
reported an advantage in survival stressing the importance of
intra-arterial route of drug administration (18).

TACE is the administration of embolic particles mixed with
chemotherapeutic drugs. It produces a shutdown of blood
flow and the simultaneous release of high doses of the drug,
increasing the drug concentration and exposure to the drug
compared with standard intra-arterial infusion (19,20). TACE
is currently approved as the standard of care for intermediate
stage hepatocellular carcinoma without portal vein invasion,
due to the survival benefits when compared to supportive care
(21). In the last decade, TACE has been investigated for LM
from CRCR (20, 22-25).

Clinical phase II studies consistently reported high
response rates to TACE in the treatment of LM from CRC but
randomized studies are lacking and the impact of this
procedure on survival is unknown. We recently reported a
preliminary evaluation at two years of a randomized trial (25).
On the other hand, this technique was show to be associated
to a variety of side effects, and the most common of them is
post embolization syndrome (PES). TACE causes tissue
ischemia, which induces expression of cytokines and
inflammation. Not every patient will have PES; it is estimated
to develop in 30% to 80% of patients. It consists of mild
symptoms, but some patients do have pain in the right upper

quadrant (RUQP), nausea, vomiting and fever. Elevation of
liver enzymes occurs almost in every patient (20, 22-24).
Probably the more extensive type of embolization performed,
the greater the possibility of PES. Rare complications are
liver abscess, liver failure, pancreatitis, renal failure (21, 24,
26). Adequate supportive therapy, thus, is required (27).

Recently, new polyvinyl alcohol beads capable of being
loaded with doxorubicin or irinotecan (drug-eluting beads)
have been developed. They release the drug after injection into
the arterial network of the tumor (28-30). Embolization
associated with the delivery of these particles permits flow in
tumor-feeding arteries to be reduced thereby decreasing the
washout of drugs and increasing the dwell time of anticancer
drug around the tumor cells. Taylor et al. (28) observed that
following porcine hepatic artery infusion of such beads with
irinotecan (DEBIRI), maximum plasma levels were 70-75%
lower for both irinotecan and SN-38, compared to intra-arterial
bolus administration, with peak levels observed at 2 and 5 min
after completion of the infusion procedure. Recently the use
of DEBIRI has been reported for the treatment of patients with
LM from CRC; it was reported as feasible and safe, with low
toxicity and interesting responses (22, 24, 25). 

Because of the uncertainty in drawing any definitive
interpretation from these studies, a multicenter trial was
designed in order to compare DEBIRI treatment with
irinotecan, fluorouracil and folinic acid (FOLFIRI) given
intravenously. In this design, no cross-over was allowed, so
the trial addresses the fundamental question of whether
DEBIRI therapy is more effective than systemic therapy for
the treatment of LM from CRC. The primary end-point of the
study was survival; secondary end-points were tumor
response, toxicity, quality of life (QoL), and cost
effectiveness. Tumor and LM biopsies from both groups were
analyzed for KRAS and p53 in order to evaluate the utility of
these molecular markers in predicting outcomes.

Patients and Methods

We reported a prospective multiple-institutional double-arm
treatment study, approved by the Institutional Review Board was
evaluated from December 2006 to December 2008 in which 74
patients presenting with LM from CRC were randomized to receive
DEBIRI or systemic chemotherapy (FOLFIRI). 

The study was conducted in compliance with the protocol and the
principles laid down in the Declaration of Helsinki, in accordance
with the ICH Harmonized Tripartite Guideline for Good Clinical
Practice (GCP). Informed consent was obtained from the each
participant prior to evaluation, screening and treatment. The study
was initiated in order to apply the criteria for appraisal of the quality
of a study. We present a well-reported patient population, with high
quality data and quality control, and with good clinically significant
follow-up without loss of patients .

All patients were required to have histologically confirmed CRC
with unresectable LM occupying less than 50% of the liver
parenchyma and no radiological evidence of extrahepatic disease.
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Patients who have previously received chemotherapy were not
excluded if past therapy had been completed 3 months before protocol
therapy. Patients who had received radiation to the liver, or had portal
vein occlusion or ascites were excluded. Patients were excluded if
they had a previous or concurrent malignancy and had to have total
bilirubin level of ≤2 × upper limit of normal, with normal
hematologic and renal function. A biopsy was required before
registration to document LM with metastatic disease. Each patient
was asked to complete health-related QoL instruments before
treatment and every 3 months during participation in the study until
12 months. The following instrument was used: Edmonton Symptom
Assessment System (31).

All patients had received at least two (45) or three (29) lines of
chemotherapy. The percentage of liver involvement was ≤ 25% in 52
cases and ≤50% in 22 cases.

Drug doses and schedule. DEBIRI consisted of drug eluting beads
loaded with irinotecan (Campto® injection solution) given twice at
200 mg (50 mg/ml) once a month.

Patients underwent DEBIRI administration using angiography. A
catheter was placed as selectively as possible in order to isolate the
blood supply to the metastases and achieve localized chemotherapy.
Selective hepatic administration involved embolization of the right or
left hepatic arteries separately as they branch from the proper hepatic
artery. Highly selective administration involved embolization of
branches leading off from the hepatic arteries, preferably the lesion
itself or its feeding branches. The size of drug eluting beads was
chosen to be 100–300 μm.

Patients undergoing DEBIRI were monitored closely after each
procedure in case hepatic side effects developed, or any other factors
became apparent that would exclude them from a adequate
comparison with patients receiving systemic chemotherapy.
Intravenous hydration, morphine, anti-emetic and antibiotic
prophylaxis were provided to reduce PES. 

Intravenous hydration started day -1 and continued on day 0, +1
and +3 consisting of 2000 ml/24 h infusion (1000 ml of saline
solution, 1000 ml of 5% glucose) with the addition of ranitidine at
900 mg. Prophylactic treatment against nausea was 5 mg Tropisetron,
before and at +6 h; 25 mg prednisone orally (or 8 mg dexamethasone
i.v.) at 08.00 am and at 08.00 pm days 0 to +5.

Prophylactic treatment against pain was based on 10 mg morphine
30 min before TACE and 10 mg at +6 hours. Intra-arterial 80 mg
lidocaine was given just before DEBIRI was adopted.

Prophylactic treatment against infection was based on 2000 mg
Cefazolin i.v. at 08.00 am and at 08.00 pm day 0 to 2. The supportive
treatment continued if required on days +3 to +5.

Systemic FOLFIRI chemotherapy consisted of intravenous
irinotecan (Campto® injection solution) at 180 mg/m2 on day 1 with
folinic acid at 100 mg/m2 as a 2 h infusion, followed by bolus of
fluorouracil at 400 mg/m2 and fluorouracil 600 mg/m2 as 22 h
infusion on days 1 and 2 every 2 weeks 8 times (4 months of
treatment). Ondansetron (8 mg) and dexamethasone (12 mg)
intravenously on day 1, and loperamide (2 mg) if required, were
provided to control nausea, vomiting and diarrhoea.

Toxicity evaluation. All adverse events were recorded per standards
and terminology set forth by the Cancer Therapy Evaluation Program
Common Terminology Criteria for Adverse Events, Version 3.0.
Calculation of tumour response. Tumour response was calculated
using either contrast-enhanced spiral computed tomography (CT) or

magnetic resonance imaging (MRI), with quantification of tumour
response according to either Response Evaluation Criteria in Solid
Tumors (RECIST) or European Association for the Study of the Liver
(EASL) criteria (32-34). Treatment response using RECIST response
criteria was categorized as complete response (CR) or partial response
(PR). Complete response was defined by the disappearance of
measurable disease, or the absence of arterial phase contrast
enhancement as measured by CT, persisting for ≥4 weeks without the
appearance of new measurable lesions. Partial response was defined
as a ≥30% reduction in the sum of the products of the greatest
diameter (length) and the greatest perpendicular diameter (width) of
all measurable lesions compared with baseline, and no appearance of
new measurable lesions. Stable disease (SD) represented cases in
which neither PR nor progressive disease (PD) criteria were met,
taking as reference the smallest sum of the greatest diameter recorded
since the commencement of treatment. PD was defined by the
occurrence of one of the following conditions: (i) the sum of the cross
products of all measurable lesions, including new lesions, increases
by >50% compared with the nadir, or (ii) new measurable lesions
occur in any part of the body outside the liver. 

Treatment response assessment using EASL criteria represented a
measure of local tumour response based on tumour progression with
respect to change in necrosis (35). The greatest diameter of viable
tumour against greatest total tumour diameter is measured and initial
measurements are compared with those after each DEBIRI treatment. 

Molecular marker evaluation. The detections of KRAS activating
mutations (most frequently at codon 12 and codon 13) was performed
using the real-time polymerase chain reaction (36). 

p53 protein expression was assessed by immunohistochemistry
using paraffin sections. Patients with greater than 10% positive nuclei
with moderate or strong staining were considered positive, whereas
all others were negative.

Statistical methods. Patients were randomly assigned to DEBIRI or
systemic therapy. Stratification factors included percentage liver
involvement (≤25%, ≤50%); type of prior palliative chemotherapy
with/without irinotecan; weight loss in three months; CEA; KRAS
status; and p53 IHC.

The primary endpoint of the study was overall survival, defined as
the time between the start of treatment and the death from any cause,

The study was designed to show an increase of 40% of median
overall survival at 2 years’ follow-up with an alpha error of 0.05 and
a power of 0.8. 

Secondary endpoint were time to progression (TTP), time to
hepatic progression (THP), time to extrahepatic progression (TEP)
and time to decline in quality of life (DQoL). TTP was defined as the
time between start of treatment and documented progression or death
of any cause; THP was calculated from start of treatment and
documented progression of disease in the liver. TEP was defined as
time from start to treatment and progression outside the liver; DQoL
was defined as time since start to treatment and first decline in QoL.

Log rank test and Kaplan-Meyer curves were used to calculate the
endpoints. Differences between categorical variables like toxicities
were investigated using Fisher’s exact test. All the p-values were two-
sided. The analyses were performed as intent-to-treat.

IBM SPSS Statistics (International Business Machines
Corporation, New York, NY, USA) was used for all calculations
and plots. Differences between categorical variables like toxicities
were investigated using Fisher’s exact test. Both the log-rank test
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and the Cox proportional hazards model were used to assess the
association of OS,TTP,THP, and TEP, with the clinical and
histological variables.

In the evaluation of molecular markers, KRAS and p53 expression
were measured as dichotomous variables (positive or negative). To
estimate correlation between markers, the Spearman rank correlation
was computed.

The study was designed with a primary QoL end points, which
were measured by the scale of Edmonton (31).We hypothesized that
patients in the DEBIRI arm would have better physical and social
functioning and better health perceptions than patients in the
FOLFIRI arm. We report an analysis at 50 months of median
follow-up.

Results

Patients’ characteristics. From December 2006 to October
2008, 144 patients were evaluated and 74 patients were
randomly assigned: 36 to DEBIRI and 38 to FOLFIRI (Table
I). No statistical differences among baseline characteristics
were observed. One patient in the DEBIRI arm had disease
progression prior to treatment; three patients in the FOLFIRI
arm declined rapidly, leaving 35 treated patients in each arm
for this report.

All patients, except four in each arm, had received adjuvant
chemotherapy previously; all had metachronous metastatic
disease. All patients had undergone primary tumor resection
prior to random assignment. All surgical procedures took place
at least 6 months prior to study treatment (range 7-20 months).
Two sites enrolled patients. The number of cycles received
were two and eight for the DEBIRI and systemic treatment

arms respectively. A total of 70 cycles of DEBIRI were
administered to 35 patients and 277 FOLFIRI cycles were
administered to 35 patients.

Survival. At two years, survival was 56% for the DEBIRI
group and 32% for the FOLFIRI group; at 30 months it was
34% and 9%, and at 50 months it was 15% and 0%
respectively. Overall survival was significantly longer for
patients treated with DEBIRI rather than FOLFIRI
(p=0.031, log-rank) (Figure 1). Median survival was 22
(95% confidence interval CI=21-23) months for DEBIRI
and 15 (95% CI=12-18) months for FOLFIRI, an increase
of almost a half.

In all but one patient, progression first manifested within
(but was not necessarily confined to) the liver.

A significant difference in progression-free survival (PFS)
was observed: 7 (95% CI=3-11) months in the DEBIRI group
compared to 4 (95% CI=3-5) months in the FOLFIRI group,
and the difference between groups was statistically significant
(p=0.006; Figure 2). 

Considering only the liver, the median THP was 7 and 4
months (p=0.006; Figure 3) for the DEBIRI and FOLFIRI
group respectively.

Extrahepatic progression had occurred in all patients by the
end of the study. Median TEP was 13 (95% CI=10-16)
months in the DEBIRI group compared to 9 (95% CI=5-13)
months in the FOLFIRI group. A statistically significant
difference between groups was not observed (p=0.64, log-
rank, Figure 4).
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Table I. Patients’ characteristics.

DEBIRI FOLFIRI 

Number of patients 36 (35) 38 (35) 
Gender (M/F) 20/16 24/14 
Mean Age, years 64 (range 44-74) 63 (range 42-73) 
Liver involvement (≤25% ≤50%) 26 10 26 12 
Synchronous/metachronous disease 0/36 0/38 
Number of metastases 4 (range 3-10) 4 (range 3-10) 
Largest diameter of metastases (cm) 4.5 ( range 2.5-8) 4 ( range 2.5-8) 
Performance status (0-1 and 2) 32 and 4 34 and 4 
Extrahepatic metastases, n 0 0 
Previous chemotherapy (2-3 lines) 23 13 25 14 
Types of previous chemotherapy 13 FUFA, 12 FUFA, 

18 FOLFOX, 20 FOLFOX, 
13 IFL, 14 IFL, 

3 FOLFOX+BEVACIZUMAB 5 FOLFOX+BEVACIZUMAB 
3 FU+CETUXIMAB 3 FU+CETUXIMAB 

Weight loss (1 to 3 Kg) in the last 8 weeks prior to study 20 (60%) 24 (63%) 
ALBUMIN, g/dl (median) 4 3.9 
CEA ng/ml 69 (range 3.5-473) 77 (range 2.5-611) 
KRAS (WT M) 22/13 23/12 
p53 (positive/negative) 22/13 20/15 



A multivariate analysis based on the proportional hazards
model was used to determinate the impact of variables
associated with survival. Significant associations were
apparent between the percent of liver involvement and
albumin, alkaline phosphatase and lactate dehydrogenase
(LDH) levels.

Overall treatment with DEBIRI remained significantly
related to survival when each of these variables is considered
separately with treatment arm. Specifically, treatment with
DEBIRI remained significantly associated with survival when
post-progression therapy is considered as a co-variate. There
was an interaction between KRAS wild-type with the median
survival of 26 months for patients receiving DEBIRI and 16
for those receiving FOLFIRI respect 19 months and 14
months for KRAS mutated-type, respectively.

Response. Among the 74 registered patients, 70 were included
in response assessment, 35 in each arm. Overall response rate
(CR+PR) in the liver in the DEBIRI group included 24
patients out of 35 eligible patients (68.6%) compared with 7
(20%) responses (CR+PR) in the systemic treatment group.
SD was observed in 4 (11.4%) and 12 (34.3%) patients,
respectively; PD was reported in 7 (20%) and 16 (45.7%)
patients , respectively (Table II).

Toxicity. Toxicity profiles differed between the two treatment
arms (Table III). Neutropenia grade ≥3 occurred in 4% and
44% (p<0.0001), diarrhoea occurred in 6% and 18% (p=.073)
and mucositis occurred in 1% and 20% (p=0.00002) of the
DEBIRI and FOLFIRI groups, respectively. Liver enzyme
elevations more than 3-fold the normal prices (58% and 8%
p<0.0001), bilirubin elevation 18% and 1%; p<0.00002)
occurred in the DEBIRI and FOLFIRI groups respectively. Of
the patients in the DEBIRI group with increase of bilirubin
more than 2.5 mg/dl due to treatment, all levels returned to
normal, three weeks after treatment. There was no reduction
or delay in DEBIRI group. The overall relative dose intensity
for DEBIRI was 99%. In the group of patients receiving
systemic chemotherapy, seven (20%) patients out of 35
required at least one dose reduction for hematological toxicity
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Figure 1. Overall survival. Figure 2. Period free survival.

Table II. Responses observed to therapy.

Response DEBIRI FOLFIRI
(n=35) (n=35) 

Complete + partial 24 (68.6%) 7 (20%) 
Stable disease 4 (11.4%) 12 ( 34.3%) 
Progression 7 (20%) 16 (45.7%) 



and eleven (31%) patients had at least one delay in receiving
treatment for hematological and gastrointestinal side effects.
The overall relative dose intensity for FOLFIRI was 90% and
the relative dose intensity for the individual drugs were 90%

QoL assessment. Fourty-nine (65.3%) patients completed all
QoL assessments (baseline,1, 3, 6, 9 and 12 months). The
most common reason for patient dropout was death. Analyses
of data at 1 and 3 months, while most of the patients were
receiving active protocol treatment, demonstrated that the
physical functioning of the DEBIRI patients was better than
that of those receiving systemic therapy at 1 (p=0.038) and 3
months (p=0.025); this was also performed at 8 months
(p=0.025). The median DQoL (as defined by time from

treatment to progression of symptoms or decline in QoL
according to Edmonton) was 3 (95% CI=2-4) months in the
FOLFIRI group and 8 (95% CI=3-13) months in the DEBIRI
group. The difference in duration of improvement was
statistically significant (p=0.0002, log-rank).

Molecular markers. In 70 out of 74 patients , biopsies from
primary tumor and LM were evaluated for KRAS (n=35
patients) and p53 (n=35 patients).

In the DEBIRI arm, 14 out 14 patients with wild-type
KRAS had evidence of major response and 9 out of 13 with
KRAS mutation presented evidence of major response. In the
DEBIRI group the survival was different with those with wild-
type KRAS appearing to better OS than those with mutated
KRAS, of 26 and 14 months, respectively (p=0.017).

Seven out of eleven patients in the DEBIRI group with
enhanced immunohistochemical expression of p53 (positive)
in tumor tissue had a median OS of 24 vs. 18 months for 4 out
of 11 patients with low expression p53 (negative; p=0.6).
Eleven in the FOLFIRI arm with enhanced immunohisto-
chemical expression of p53 (positive) in tumor tissue had a
median OS of 12 vs. 8 months for 4 patients with low
expression of p53 (negative; p=0.6).

Sites of progression. The liver was the main site of progression
in both arms: in 17 and 23 patients in the DEBIRI and
FOLFIRI groups respectively. More than one site was reported
in 18 and 12 patients, respectively ( Table IV). 
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Figure 3. Hepatic period free survival. Figure 4. Extra hepatic period free survival.

Table III. Toxicity observed during therapy. 

Toxicity DEBIRI (% out of 70 FOLFIRI (% out of 277 
(Grade 2 and 3) cycles delivered) cycles delivered)

Pain 30% 0%
Vomiting 25% 25%
Diarrhea 2% 35%
Asthenia 20% 50%
Leukopenia 5% 35%
Anaemia 5% 35%
Fever 15% 3%
Alopecia 5% 35%



Chemotherapy at relapse. Following evidence of progression,
19 patients received further chemotherapy in the DEBIRI
group and 15 patients in the FOLFIRI group. Palliative
medicine and miscellanea (Herbal medicine and holistics)
were administered in 16 and 20 DEBIRI and FOLFIRI
patients, respectively (Table V).

Treatment costs. In oncology, the issue of cost-effectiveness
of new treatments is increasingly becoming a major issue.
Over the last two decades, the US FDA has approved six new
drugs for treatment of metastatic CRC: irinotecan, oxaliplatin,
capecitabine, bevacizumab, cetuximab and panitumumab. In
the metastatic setting, these treatments are only palliative. Six
months of biweekly 5-FU plus folinic acid costs
approximately €975 in Europe ($1300). Six months of
treatment (2-week cycle) with FOLFOX/ bevacizumab, for an
average of 1.8 m2 patient, can cost €90,000 in Europe
($120,000 average selling price from 2008 plus 5% in the
United States). Six months of FOLFIRI costs €37,000
($50,000), and with the addition of cetuximab, this can
increase to €87,000 ($115,000).

DEBIRI given twice, including interventional radiology
expenses and supportive care, amounted to € 8,000 ($10,000)
in 2010.

FOLFIRI given for 4 months (8 times), including insertion
of venous device, antiemetic therapy and other medications,
amounted to € 20,000 ($26,000) in 2011.

In our study costs are considerably in favour of DEBIRI
with respect to FOLFIRI, even if the selling price for
irinotecan, now off patent, has been reduced in many Europe.

Discussion

A comparison of DEBIRI versus systemic therapy in patients
with non-resectable LM from CRC indicates that DEBIRI
therapy prolonged the median survival (22 vs. 15 months),
and was associated with a greater likelihood of objective
tumor response in the liver (68,6% vs. 20%), enhanced THP
of 7 compared to 4 months (p=0.006), whereas TEP was 13
and 9 for DEBIRI and FOLFIRI groups, respectively; and
improved physical functioning during active treatment at 1,
3, 6, 9 and 12 months. The regional approach was not inferior
to FOLFIRI in preventing extrahepatic metastatic progression
(TEP; 13 vs. 9 months). These data appear to indicate that
DEBIRI also has a systemic activity and that by controlling
the liver disease it is possible to extend survival.

The like-li-hood of longer survival was greater in patients
with lower tumor burden and better performance status.
Although based on small numbers, primary tumor and liver
biopsies in the DEBIRI arm demonstrated that the patients
with wild-type KRAS and positive p53 on IHC had the best
survival. The responses to DEBIRI were longer in those
patients with wild-type KRAS; to our knowledge this has not
been reported previously.
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Figure 5. Duration of clinical benefit to decline.

Table IV. Sites of disease relapse in the treated groups.

DEBIRI FOLFIRI 

Number of patients treated 35 35 
Liver 17 23 
Liver + lung 8 7 
Liver + lung + bones 3 3 
Liver + peritoneal carcinosis 2 1 
Liver + lung + brain 1 1 
Lympho nodes + peritoneal carcinosis 2 0 

Table V. Treatments at progression of disease in the treated groups.

Type of therapy DEBIRI FOLFIRI 

FU continuous infusion 8 4 
FU continuous infusion + mitomycin 4 4 
FOLFOXIRI 2 2 
Herbal medicine + holistics 2 5 
FOLFIRI + Cetuximab 3 2 
FOLFOX + Bevacizumab 2 3 
Palliative medicine 14 15 

FU=5-fluorouracil; FOLFOXIRI=folinic acid, 5-fluororuracil,
oxaliplatin, irinotecan; FOLFIRI=folinic acid, 5-fluororuracil, irinotecan.



A criticism of this study is that the systemic chemotherapy
used was FOLFIRI. New randomized studies have
demonstrated that the addition of oxaliplatin, bevacizumab,
cetuximab or panitumumab added to FOLFIRI will increase
survival compared to FOLFIRI alone (9-11). This study was
planned in 2005, at which time FOLFIRI was the standard of
treatment in second- or third-line chemotherapy and the use
of biological agents was not so widespread as now.

In this study, the survival advantage conferred by DEBIRI
over systemic chemotherapy suggests that DEBIRI may
represent a superior clinical treatment modality because
both treatment groups had access to new drugs at
progression. The significant difference in survival was
shown to be attributable to the treatment arm, and remained
significant, even when considering that the vast majority of
patients received post progression therapy. This study
emphasized the importance of the method of drug delivery
and the superiority of intra-hepatic arterial infusion of drug
eluting beads pre-loaded with irinotecan over systemic
therapy, even if the treatment was irinotecan-based for both
arms in patients with liver-only metastases.

TEP was similar in both groups. One could postulate that
the use of concurrent systemic therapy with new agents in the
DEBIRI group would have improved results. Studies of intra-
arterial hepatic infusion with Floxuridine (FUDR) plus
systemic irinotecan and oxaliplatin, even in previously treated
patients, has produced response rates of ≥70% (37-38),
obtaining substantially the same responses that we reported.

Both the regional and the systemic treatments were
reasonably well tolerated. Patients allocated to receive the
systemic FOLFIRI demonstrated a higher likelihood of grade
3 neutropenia, diarrhoea, and stomatitis. Patients allocated to
receive DEBIRI reported higher likelihood of abdominal pain
and increase of liver enzymes.

This study is the first to provide evidence that an infusion of
embolic beads preloaded with irinotecan provides superior
survival with better physical functioning when compared with
the same chemotherapeutic compound administered
systemically. Whether this regional strategy can be enhanced
further, through the addition of concurrent systemic treatment,
will be the focus of future studies. 

This study suggests a benefit of DEBIRI treatment over
standard chemotherapy and confirms preliminary data (25).
We think that our study serves to establish the expected
differences between these two treatment options for planning
future large randomized studies.
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