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Background: The main aim of this prospective study was to evaluate the efficacy of drug-eluting
beads with irinotecan (DEBIRI) for liver metastases from colorectal cancer. Secondary aims
were to evaluate survival and toxicity.

Methods: Twenty-five patients with metastases in <50% of the liver and without extrahepatic
involvement were enrolled. Treatment response assessment was performed by multidetector
contrast enhancement computed tomography (MDCT) with evaluation of the enhancement
pattern of the target lesion and tumor response rates according to modified Response Evaluation
Criteria in Solid Tumors (mRECIST, Version 1.1). All adverse events were recorded by the
Cancer Therapy Evaluation Program Common Terminology Criteria for Adverse Events,
Version 3.0. Associations of tumor response and variables were calculated using the chi-squared
test. Overall survival (OS) was calculated using the Kaplan—-Meier method. Comparisons were
made using the log-rank test.

Results: According to mRECIST, complete response (CR) was observed in 21.8% of patients,
partial response (PR) in 13%, stable disease (SD) in 52.2% and progressive disease (PD) in
13% of patients. Response rate (RR = CR + PR) was 34.8%. No associations between treat-
ment response and variables such as Dukes’ classification, grading and Kras status were found
(P>0.05). The median OS was 37 months (95% CI: 13.881 to 60.119). Cox regression model
showed that neither site, Dukes’ classification, grading, Kras status nor number of chemo-
therapy treatments pre-DEBIRI influenced the OS. The log-rank test showed no statistically
significant difference in OS among patients who underwent 1, 2 or 3 DEBIRI treatments
(¥*=2.831, P=0.09). In our study, the main toxicities included postembolization syndrome (PES),
hypertransaminasemia and fever.

Conclusion: The favorable tumor response and the favorable toxicity profile make DEBIRI
treatment a potential third-line therapy. Although further larger studies are needed to confirm
these data, we can state that DEBIRI is an attractive emerging treatment in these patients.
Keywords: colorectal cancer, liver metastases, transarterial chemoembolization, DEBIRI

Background

CRC is the third most common cancer worldwide.! Up to 70% of its metastases occur
in the liver, and LM represent a predominant cause (50%) of death in these patients.>
Without any treatment, the median OS after detection of LM is ~9 months, depending
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on the extent of the disease at the time of diagnosis.’*
In ~30% of patients who develop LM, the metastatic disease
will remain confined to the liver.* Surgical resection is the
standard treatment with a 5-year survival of only 25%-35%
and recurrence appearance with a rate as high as 75%.%”
Approximately 70%—75% of CRC with LM are not suitable
for hepatic resection with relatively poor short-term prog-
nosis; chemotherapy plus biological therapies has been able
to bring OS to ~2 years.®

Although the liver is the sole site of metastatic disease in
as many as 40% of patients, LM is resectable in fewer than
20%.° When surgery is not feasible, chemotherapy, radiofre-
quency ablation, intra-arterial chemotherapy and TACE are
possible alternatives to achieve control of the disease in the
liver.'® Irinotecan is a derivative of camptothecin, which kills
cancer cells by inhibiting the function of the enzyme topoi-
somerase I, essential to DNA replication and employed in
combined chemotherapy for first- and second-line treatment
in patients with advanced colorectal cancer. Irinotecan can
be loaded on drug-eluting beads to perform localized treat-
ments because such beads allow a suitable release of the drug
over time, prolonging the effect on tumor cells. In addition,
drug-eluting beads can embolize the tumoral vascular bed
leading to an ischemic effect.!!!

Recently, the use of DEBIRI has been reported with
interesting results for the treatment of patients with LM
from CRC previously treated with 2 or 3 lines of systemic
therapy.''"?

The main aim of this prospective pilot study was to evalu-
ate the tumor response of DEBIRI treatment for LM from
CRC in patients who have failed second- and/or third-line
systemic chemotherapy. Secondary aims were to evaluate
the OS and the toxicity.

Methods

Patients

Twenty-five patients referred to the “Diagnostic and Inter-
ventional Radiology Unit with Integrated Section of Transla-
tional Medical Oncology” of the “National Cancer Research
Centre” in Bari (Italy) from December 2011 to August 2014
were included in the study. Being a pilot study, the sample
size was determined by a nonstatistical method. Patients of
any race or sex were included for DEBIRI treatment if they
were 1880 years of age, with histologically confirmed CRC
and unresectable LM occupying <50% of the liver paren-
chyma calculated by the appropriate software on CT images,
previously treated with 2 or 3 lines of chemotherapy, no
radiological evidence of extrahepatic disease, adequate liver

function (total bilirubin level =2.0 mg/dL, ALT and AST <5
times upper limit of normal, albumin =2.5 g/dL), adequate
hematologic function (absolute neutrophil count =1.5x10°/L,
platelets =75x10%L and international normalized ratio <1.3
without anticoagulants) and adequate renal function (serum
creatinine =2.0 mg/dL). All patients were fully staged using
MDCT of the chest, abdomen and pelvis.

Patients were excluded in case of pregnancy, presence
of severe cardiac comorbidities, history of HIV infection
or if they had a previous or concurrent malignancy or a
contraindication to angiographic and selective visceral
catheterization.

A clinical and instrumental follow-up was performed
1 month after the DEBIRI treatment and then at 3-month
intervals by clinical examinations, blood tests and thorax,
abdomen and pelvis MDCTs.

Full ethical approval (code: 2011.61; date: December 13,
2011) from the ethical committee of the National Cancer
Research Center of Bari and signed consent from individual
patients were obtained to conduct the study.

Interventional procedure and drug

schedule

DEBIRI consisted of drug-eluting beads (HepaSphere;
BioSphere Medical, Roissy-en-France, France) loaded with
irinotecan (Campto®; Pfizer Italia, Milan, Italy) given at a
dose of 100 or 200 mg;'* a dose of 200 mg was planned in
case of bilobar involvement or if total target lesion size (sum
of maximum diameters) was over 100 mm.

Patients underwent DEBIRI administration using angiog-
raphy. A catheter (Progreat 2.7 fr; Terumo Medical, Leuven,
Belgium) was placed as selectively as possible in order to
isolate the blood supply to the metastases and achieve local-
ized chemotherapy.

Highly selective administration involved embolization
of branches leading from the hepatic arteries, preferably the
lesion itself or its feeding branches. The size of the drug-
eluting beads was chosen to be 100-300 um.

In case of whole liver involvement, the 2 lobes were
treated during the same procedure.

Patients undergoing DEBIRI were monitored closely
after each procedure in case hepatic side effects developed.
Intravenous hydration, morphine, antiemetic and antibiotic
prophylaxis were provided to reduce PES, which includes
fever, abdominal pain and hypertransaminasemia.

Procedures were performed in general anesthesia accord-
ing to previous literature reports, and morphine was admin-
istered in the postprocedure period.'s!”
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The number of treatments for each patient was decided
after treatment response evaluation by MDCT at 1 month; in
particular, only patients with PR or SD were retreated. The
interval between treatments ranged from 1 to 2 months.

Treatment response
Treatment response assessment was performed by chest,
abdomen and pelvis MDCT scan at 1 month from treatment
completion, with evaluation of the enhancement pattern
of the target lesion and tumor response rates according to
mRECIST (Version 1.1) and previous literature regarding
DEBIRI response clinical trials,!%8-20

Treatment response was categorized as CR, PR, SD and
PD. CR was defined by the disappearance of measurable
disease or the absence of arterial phase contrast enhancement
as measured by MDCT, persisting for =4 weeks without the
appearance of new measurable lesions. PR 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, no
appearance of new measurable lesions or reduction of arterial
phase contrast enhancement. SD represented cases in which
no differences from the baseline evaluation were observed.
PD was defined by the occurrence of one of the following
conditions: the sum of the cross products of all measurable
lesions, including new lesions, increases by >50% compared
with the nadir or new measurable lesions occur in any part
of the body outside the liver.

Toxicity evaluation

The toxicity profile was assessed based on patient’s symp-
toms following each procedure. Toxic effects experienced
up to 7 days after each treatment were considered in the
toxicity evaluation and were monitored until disappearance.
In cases of G3 and G4 hypertransaminasemia, patients were
monitored until transaminase levels became lower than 2x
upper normal values.

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.

Statistical analysis

Associations of tumor response and variables were cal-
culated by the chi-squared test. OS was calculated using
the Kaplan—Meier method from the date of the first liver
DEBIRI, performed within 1 week of enrollment, to the date
of last follow-up or death. Comparisons were made using the

log-rank test. To identify factors associated with OS in the
entire cohort, variables were assessed using the Cox regres-
sion model. The P-value <0.05 was considered significant.
All statistical analyses were performed using SPSS Statistics
software (Version 2.0).

Results

Patients and treatments
Patients’ clinicopathological characteristics are reported in
Table 1.

A total of 25 patients underwent from 1 to 3 DEBIRI
treatments for a total of 44 treatment sessions. All patients
received at least 2 lines of chemotherapy before DEBIRI
(FOLFOX and/or FOLFIRI plus biological therapy accord-
ing to Kras status).

All patients underwent primary colon cancer resection.
Sixteen patients had synchronous LM (6/16 patients in the
right liver and 10/16 in the whole liver) and 5 of them also
underwent hepatic surgery; in 9/25 patients metachronous

Table | Clinicopathological characteristics of patients

OncoTargets and Therapy 2016:9

Variables n (%)
Sex

Male 16/25 (64)

Female 9/25 (36)
Age (years)

Range 43-80

Mean 62.72

Median 59
Primary adenocarcinoma sites

Right colon 3/25 (12)

Left colon 7/25 (28)

Sigma 9125 (36)

Rectum 6/25 (24)
Dukes’ Classification (Astler—Coller modification)

A 2 (8)

B 2 (8)

Cc 6 (24)

D 15 (60)
Grading

Gl 6/25 (24)

G2 12/25 (48)

G3 7125 (28)
Kras

Wild type 17/25 (68)

Mutated 8/25 (32)
Lines of chemotherapy before DEBIRI

2 19/25 (76)

3 6/25 (24)
Number of DEBIRI treatments

| 10/25 (40)

2 11725 (44)

3 4/25 (16)
Abbreviation: DEBIRI, drug-eluting beads with irinotecan.
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LM appeared (2/9 in the right liver, 2/9 in the left liver and
5/9 in the whole liver) and 2 of them (1 with bilobar LM and
1 with left lobe LM) underwent hepatic lobectomy. Patients
were hospitalized for a median time of 10 days (range: 7-28).
DEBIRI treatments and hepatic lesion characteristics are
reported in Table 2. A total of >113 lesions were treated; in
particular 1 hepatic lesion was involved in 12/37 treatments,
21in 1/37 treatments, 3 in 7/37 treatments, 4 in 7/37 treatments
and multiple (=5) in 10/37 treatments.

Treatment response

This analysis was performed considering 37/44 treatments
in 23/25 patients, as for 2/44 treatments (in 2/25 patients),
MDCT performed within 1 month of DEBIRI treatment
was not available, with the CT scan being performed with
an older generation device, because of the maintenance of
the routinely used device; for 5/44 treatments, the timing of
MDCT was not respected, so the images were not suitable
for the comparison with the pretreatment images and were
not included in this analysis.

According to mRECIST, considering the 23 patients, CR
was observed in 5 (21.8%) patients, PR in 3 (13%), SD in
12 (52.2%) and PD in 3 (13%) patients. The response rate
(RR = CR + PR) was 34.8%. MDCT images of a complete
responder patient are reported in Figure 1. Angiography images
of pre- and postembolization are reported in Figure 2.

Considering the 37 DEBIRI treatments, CR was observed
in 6/37 (16.2%) treatments, PR in 6/37 (16.2%), SD in
22/37 (59.5%) and PD in 3/37 (8.1%) treatments. Patients
underwent more than 1 DEBIRI when they showed PR
or SD. No associations between treatment response and
variables such as Dukes’ classification, grading, Kras
status, lesion size, number of lesions, number of DEBIRI

Table 2 DEBIRI treatments and hepatic lesion characteristics

Variables n (%)

Doses of DEBIRI (median 100 mg)
100 mg 26/44 (59) treatments
200 mg 18/44 (41) treatments

Sites of treatments

Right liver 36/44 (81.8) treatments
Left liver 6/44 (13.6) treatments
Whole liver 2/44 (4.6) treatments

Number of hepatic Median: 3; range: 1-20
lesions for treatment
Hepatic lesions size Mean: 31.86 mm; range: 8—1 15 mm
Total target lesion size (sum 88 mm; range: 10-240 mm

of a maximum of 5 lesions)

Abbreviation: DEBIRI, drug-eluting beads with irinotecan.

treatments for each patients and doses of DEBIRI were
found (P>0.05).

oS

Follow-up range was 4-42 months. At the end of the
follow-up, 15/25 (60%) patients were alive while 10/25 had
died (40%). The median OS was 37 months (95% CI: 13.881
to 60.119; Figure 3).

The Cox regression model showed that neither size,
number of lesions, Dukes’ classification, grading, Kras status
nor number of chemotherapy pre-DEBIRI influenced the
OS, even if these results could be influenced by the small
number of patients.

The log-rank test showed no statistically significant
difference in OS among patients who underwent 1, 2 or 3
DEBIRI treatments (y*=2.831, P=0.09). In 6 patients, extra-
hepatic metastases occurred.

Toxicity
Toxicity results concerning all the 44 DEBIRI treatments
are reported in Table 3.

No associations between dose and fever, AST and ALT,
respectively, and number of DEBIRI were found (P>0.05).
No associations between tumor response and fever, AST and
ALT, respectively, were found (P>0.05).

Furthermore, 1 abscess was observed after 1 DEBIRI and
was considered a procedure-related major complication.

Discussion
Systemic chemotherapy for unresectable LM from CRC is
the standard initial management. First-line and second-line
chemotherapies consist of 5-fluorouracil and leucovorin
combining irinotecan or oxaliplatin. Patients with Kras wild-
type status can benefit from a combination of chemotherapy
agent plus cetuximab; in these patients, a third-line therapy
is possible following a replacement among EGFR inhibitors.
In patients with a Kras mutation, first- and second-line che-
motherapies are accepted with the addition of bevacizumab.
Currently, the median OS for systemic chemotherapies
associated with biological agents is around 24 months; it
should be considered, however, that each subsequent line
of systemic chemotherapy is associated with a worsening
of adverse events.>2* 2

In patients with confined LM who failed systemic lines of
therapy, locoregional therapy employing TACE is an impor-
tant treatment option. Classical TACE involves the emulsifi-
cation of a chemotherapeutic agent in an oily medium, used
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Figure | MDCT baseline and post-DEBIRI treatment in a complete responder patient.

Notes: A 74-year old patient with right colon cancer, mutated Kras status, who performed 2 lines of systemic chemotherapy. Baseline MDCT axial images (A-D) showed
multiple hypodense liver metastases. MDCT performed | month after DEBIRI treatment (E-H) showed the same hypodense lesions without contrast enhancement.
The patient was considered as a complete responder. OS was 24 months and the patient showed G1 fever and G| hypertransaminasemia.

Abbreviations: MDCT, multidetector contrast enhancement computed tomography; DEBIRI, drug-eluting beads with irinotecan; OS, overall survival.
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Figure 2 Angiography pre- and post-DEBIRI treatment in a complete responder patient.

Notes: A 60-year old patient with single metastasis from colorectal cancer in the lll-IV segment of the left lobe of the liver. In the pretreatment angiography (A) the red
arrows show the moderate and diffuse vascularization of the unencapsulated lesion with irregular margins. In the posttreatment angiography (B) the red arrows show the
lack of the vascularization in the site of the lesion as a complete response to the treatment. In the upper part of the figure (A and B), the dual chamber cardiac catheter of

the pacemaker is evident.
Abbreviation: DEBIRI, drug-eluting beads with irinotecan.

in this case as a drug carrier, which is delivered intra-arterially
to the liver tumor.'*

TACE produces a shutdown of blood flow and the simul-
taneous release of high doses of the drug, increasing the drug
concentration and exposure.>-**

TACE with DEBIRI was first reported for the treatment
of LM in 2006."" The primary function of the device is to
embolize the arteries feeding the tumor site, causing nutri-
ent and oxygen starvation of the tumor and thereby inducing
necrosis in the tumor tissue. The secondary function is to
deliver irinotecan in a controlled manner to tumor sites.’
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Figure 3 OS curve for 25 patients who underwent DEBIRI treatment.
Abbreviations: OS, overall survival; DEBIRI, drug-eluting beads with irinotecan;
Cum, cumulative.

A consequence of hypoxia caused by embolization is the
adaptive response of increasing production of VEGF that
stimulates angiogenesis; this post-TACE-induced pathway
could determine the regrowth of the tumor.'**

Although DEBIRI therapy is not currently approved
by the most important international guidelines, there is an
increasing body of data from clinical trials.?

In line with previously published analyses, we evaluated the
response to therapy at 1 month after DEBIRI treatment.'*2%7

Literature reports RR varying from 36% to 78%.%¢
Fiorentini et al'® showed that in 35 patients RR was 68.6%,
SD was 11.4% and PD was 20%. Narayan et al** showed
that in 20 patients, 15% of patients were CR, 30% were PR,
20% were SD and 35% were PD. Jones et al*’ showed that
in 22 patients, 91% were SD and 9% were PD.

The results of our study are in line with those reported
in the literature, with a slightly lower RR (34.8%) and
similar SD and PD (52.2 and 13%). The wide spectrum of
literature results could be explained by the small number of
patients in each study and the heterogeneity in the different
studies regarding the number of DEBIRI treatments, the dose
administered and the number and the extension of LM. To the
best of our knowledge, no previous studies have reported a
relationship between tumor response and number of DEBIRI
treatments, dose or number and extension of LM; in our
study, these variables did not influence the tumor response.

Improvement of OS is one of the goals achievable with
DEBIRI treatment. In the only small Phase III study pub-
lished by Fiorentini et al,'® the survival advantage conferred
by DEBIRI over systemic chemotherapy (22 vs 15 months)
suggests that DEBIRI may represent an interesting clinical
treatment modality. Our preliminary data indicate an
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Table 3 Toxicity results concerning the 44 DEBIRI treatments

Toxicity (% out Gl G2 G3 G4

of 44 treatments) 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg
Pain 6% 7% 3% 4% 1% 1% 0% 0%
Hypertension 9% 10% 5% 6% 0% 0% 0% 0%
Vomiting 2% 3% 0% 2% 0% 0% 0% 0%
Nausea 0% 0% 0% 0% 0% 0% 0% 0%
Diarrhea 0% 2% 0% 0% 0% 0% 0% 0%
Asthenia 0% 0% 0% 0% 0% 0% 0% 0%
Leukopenia 3% 4% 3% 4% 0% 0% 0% 0%
Anemia 3% 3% 2% 3% 0% 0% 0% 0%
Fever 8% 8% 0% 0% 0% 0% 0% 0%
Alopecia 0% 0% 0% 0% 0% 0% 0% 0%
Hypertransaminasemia (AST) 11% 12% 11% 12% 1% 12% 0% 2%
Hypertransaminasemia (ALT) 15% 15% 8% 10% 8% 8% 0% 2%

Abbreviations: DEBIRI, drug-eluting beads with irinotecan; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

interesting median OS of 37 months, but this result has to be
considered with caution due to the pilot nature of our study, the
small number of patients and the absence of randomization.

An important potential advantage of DEBIRI treatment is
the minimal onset of systemic side effects thanks to the local-
ized delivery of the drug. The good tolerability of DEBIRI is
an important goal, especially in heavily pretreated patients.
The most common adverse event is PES, which involves
abdominal pain, nausea and vomiting. This was reported as
mild in the studies of Eichler et al®® and Martin et al*’ and
made up 40%—63% of adverse events.’ PES was the most
common adverse event also in our study (Table 3); in cases
of G3 pain, we administered morphine after the procedure.

Hypertension is the second most common adverse event
reported and it seems related to pain (the most common
complication), as it was transitory and self-limiting with
a temporal coincidence during the postprocedural course.
Eichler et al*® reported hypertension as making up <10%
of adverse events, and Martin et al®® reported it as making
up 4% of adverse events. Also in our study, mild transitory
hypertension was observed after 30% of treatments, and it
was likely related to pain and postanesthesia hydration and
in some cases to corticosteroid administration.

There were signs of increased liver enzymes in most
patients, but these were transient; in our analysis, hyper-
transaminasemia was not related to fever.’ Adverse events
in the more serious category were rare. In a review of 2300
TACE procedures for various indications, Sakamoto et al*
reported 102 complications (4.4%), of which 39 were related
to catheter dissections or perforations. In our study, the
only most serious adverse event was the abscessualization
of the treated lesion that occurred only after 1 TACE and
was treated with drainage. This was the case of the longer
hospitalization (28 days). Our median time of hospitalization

was 10 days, longer than those reported in the literature'® due
to the treatment being performed in general anesthesia, differ-
ently to the cited studies. We preferred general anesthesia to
guarantee the complete immobilization of the patients during
the DEBIRI procedure.

Furthermore, the longer hospitalization time in our experi-
ence was also due to the cases in which hypertransaminasemia
(G3 and G4) appeared because we prefer to discharge patients
only when transaminase levels are lower than 2x normal
values.

Adequate supportive treatment with antibiotic and anti-
emetic prophylaxis and intravenous hydration was strictly
necessary until the serum levels of transaminases were
stabilized in order to prevent infections.

Only Martin et al®' in their multivariate analysis in
109 patients identified the =3 DEBIRI treatments and
dose >100 mg as risk factors for toxicity. In our study, none
of them influenced the onset of adverse events, even if we
should remember that only 4/25 patients performed 3 DEBIRI
treatments, while the dose administered was 200 mg in 41%
of treatments. In our study, no patients performed more than
3 DEBIRI treatments due to the onset of extrahepatic metas-
tasis, serious adverse events or worsening of performance
status. To the best of our knowledge, no previous studies have
investigated the role of toxic effects as possible predictors of
tumor response; in the analysis we performed neither fever
nor hypertransaminasemia was related to it.

Conclusion

DEBIRI is an effective and a well-tolerated therapy in
patients with LM from CRC who have failed second- and/or
third-line systemic chemotherapy plus biological agents. The
favorable tumor response and the favorable toxicity profile
make this local treatment a potential third-line therapy.

OncoTargets and Therapy 2016:9
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Our results should be interpreted with caution due to the
small number of enrolled patients related to the pilot nature
of the study. Further larger studies are needed to confirm
these preliminary data to consider DEBIRI as an emerging
attractive treatment in these patients.

Furthermore, to improve DEBIRI results, the combination
with angiogenic inhibitors should be investigated to prevent
angiogenic rebound.
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