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Abstract Colorectal cancer is a common malignancy that

most commonly metastasizes to the liver. There has been

considerable effort in developing new treatment options for

these patients. One method that has been developed for the

treatment of colorectal metastases to the liver is irinotecan-

loaded drug-eluting bead (DEBIRI) embolization. This

article reviews the current literature on DEBIRI and dis-

cusses the state of current knowledge and possible areas of

future investigation.

Keywords Drug elutting beads � Transarterial
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Introduction

The liver is the site of spread in 70% of patients with

metastatic colorectal cancer [1]; in 50% of these patients,

metastatic disease will be the primary cause of death [2].

The accepted first line therapy for liver-only metastatic

disease is surgical resection; however, only 20–30% [3, 4]

of patients will be resection candidates, and of those who

undergo resection 70–80% will have a recurrence of

metastatic disease within 5 years [5].

In patients with unresectable disease, the first line

therapy has been chemotherapy. The development of

FOLFOX (leucovorin, 5-Fluorouracil, and oxaliplatin) and

FOLFIRI (leucovorin, 5-Fluorouracil, and irinotecan)

resulted in significant improvements in survival [6]. The

available chemotherapeutic agents have continued to grow

as has knowledge of the disease, with targeted therapy

being actively developed. Survival times have been further

improved with the addition of biologics, with both anti-

epidermal growth factor receptor (EGFR), such as Cetux-

imab and Panitumumab, and anti-vascular endothelial

growth factor (VEGF) antibodies, such as Bevacizumab,

Aflibercept, Ramucirumab, and Regorafenib showing some

efficacy [6, 7]. The ability to tailor treatment regiments has

improved as well; for instance, recent studies have indi-

cated KRAS and NRAS mutations are negative predictors

for anti-EGFR therapy [7]. However, even with these

advances, most studies have found a median overall sur-

vival (OS) rate in the range of 18–29 months [8] as mea-

sured from the initiation of chemotherapy. While

considerable advances have been, and continue to be made,

in the treatment of colorectal metastatic disease, further

improvement is needed.

One area of active study is the use of irinotecan drug-

eluting beads (DEBIRI). Herein, we review the available

literature on the efficacy and safety of DEBIRI. We also

review pertinent technical articles that aim to optimize the

DEBIRI technique.

DEBIRI Mechanism of Action and Technique
Considerations

DEBIRI is commonly performed in patients with meta-

static colorectal cancer, who are not considered to be sur-

gical or ablation candidates. Patients are typically

considered to be DEBIRI candidates when they have liver-

only or liver-dominant metastatic disease. The use of

DEBIRI as first line, second line, or salvage therapy has
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varied widely in the literature with no clear consensus

regarding its appropriate place. Studies have investigated

the use of DEBIRI concomitantly with multiple

chemotherapeutic regiments including FOLFOX [9, 10],

cetuximab [11], and capecitabine [12], and those authors

concluded these approaches were safe.

Irinotecan is a topoisomerase inhibitor and a semisyn-

thetic analog of camptothecin, which requires activation by

normal liver cells. Activation is accomplished by the

enzymes carboxylesterase 1 (CES-1) and carboxylesterase

2 (CES-2) that convert the drug into its active form

7-Ethyl-10-hydroxy-camptothecin (SN-38) [13]. SN-38

works by inhibiting topoisomerase I which in turn inhibits

DNA replication and transcription.

Irinotecan can be loaded onto microspheres and then

delivered to tumors via the hepatic arteries. However, in

contrast to transarterial chemoembolization (TACE) uti-

lized in the treatment of other cancers, sub-selective

embolization is typically not recommended for two rea-

sons. The first is the fact that irinotecan requires activation

by normal liver parenchyma via hydrolysis. The second

reason for lobar delivery of the drug is the desire to treat all

metastatic disease, including radiographic occult lesions.

While previous authors have utilized various dosing

strategies, a recent panel of experts recommended two

treatment sessions 3–4 weeks apart with delivery of

100 mg of irinotecan at each session [14]. However, it

should be noted that no good dose escalation studies have

been performed to determine the ideal dose of irinotecan. If

both lobes are affected, it is recommended that each lobe

be treated twice for a total of four treatments where

alternate lobes are treated every 2 weeks. Finally, based on

a retrospective review of a prospectively maintained reg-

istry [15] that demonstrated decreased adverse events

(AEs) and increased dose delivery when using small

(75–150 or 100–300 lm) as compared to large (100–300 or

500–700 lm) beads, most advocate the use of smaller

beads.

Published Data

Table 1 briefly reviews all of the published clinical trials.

Randomized Controlled Trials

Martin et al. [9, 10] published a phase I followed by a

phase II study evaluating the safety and tumor response

rate of DEBIRI in combination with systemic modified

FOLFOX ± bevacizumab as compared to

FOLFOX ± bevacizumab alone in chemotherapy naı̈ve

patients. Seventy patients (40 in the DEBIRI arm and 30 in

the control arm) were enrolled, with the first 10 undergoing

DEBIRI and FOLFOX ± bevacizumab to assess safety.

Patients with liver-dominant disease ([80% of total

metastatic disease) were treated with the aim of delivering

100 mg of irinotecan-loaded 100–300 lm LC Beads�

(BTG, London, UK) per session. The patients received at

least 12 cycles of FOLFOX ± bevacizumab and two

cycles of DEBIRI during chemotherapy off weeks. The

technical success rate (defined as ability to deliver at least

75 mg of DEBIRI) was 84% and they delivered DEBIRI in

a lobar fashion. A significantly increased number of serious

adverse events (SAEs) (p = 0.03) in the DEBIRI arm

compared to the control cohort was found. However, a

significant improvement in overall response rates (ORR) at

6 months (p = 0.05) and liver progression-free survival

(p = 0.05) was seen in the DEBIRI arm. The study failed

to show significant improvement in progression-free sur-

vival (PFS) (p[ 0.05) and median overall survival (OS)

had not been reached at the time of publication

(24 months).

In 2012, Fiorentini et al. [16] reported their findings in a

prospective randomized controlled trial comparing DEBIRI

with systemic irinotecan in patients who had not previously

received irinotecan. Seventy-four patients with liver-only

metastatic disease were randomized (36 to DEBIRI and 38

to FOLFIRI arms), all of whom had received 2–3 lines of

prior chemotherapy. The study aimed to deliver 200 mg of

irinotecan with 100–300 lm LC beads� two times with a

month interval for the DEBIRI cohort. The FOLFIRI arm

received a total of 8 cycles. Increased OS in the DEBIRI

group compared to the FOLFIRI group (OS median 22 and

15 months respectively, p = 0.031) was found. PFS was

also longer in the DEBIRI group (median 7 months) as

compared to the FOLFIRI group (4 months) (p = 0.006).

This study demonstrated different toxicity profiles in the

two cohorts with significantly less occurrences of neu-

tropenia and mucositis in the DEBIRI as compared to

FOLFIRI cohorts (p\ 0.0001 and p = 0.00002 respec-

tively). Lastly, a significantly better quality of life in the

DEBIRI compared to FOLFIRI groups was found at 1

(p = 0.038), 3 (p = 0.025), and 8 (p = 0.025) months.

However, this group did not include cetuximab in the

FOLFIRI arm which has drawn some criticism. In order to

address this concern, Fiorentini et al. [11] subsequently

published a prospective trial of 40 patients in which par-

ticipants were concomitantly treated with DEBIRI and

cetuximab. AEs were seen in 10 patients with 4 of these

patients experiencing SAEs. All AEs were related to skin

issues, and included acne-like rash, fissuring, dryness, and

hypersensitivity. The authors did not consider post-em-

bolization syndrome symptoms to be AEs; however,

symptoms consistent with post-embolization syndrome

were seen in 12 (30%) patients. Encouraging PFS
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(9.8 months) and OS (20.4 months) endpoints were

demonstrated.

Prospective Single-arm Studies

Authors of a multicenter registry investigating the use of

DEBIRI in patients who had received between 0 and 4 prior

lines of chemotherapy have published their data multiple

times [12, 17]. Patients with liver-dominant disease, defined

as[50% of metastatic burden, were treated, with a goal of

delivering 200 mg of irinotecan to each affected lobe. At

least 50%of the desired dosewas delivered to each lobe in all

666 treatments performed in 296 patients. Analysis was

performed by dividing the group of 296 patients into several

sub groups. There was no significant difference in ORR,

AEs, and OS in patients who had and had not received sys-

temic irinotecan. They also assessed differences in patients

based on the number of prior lines of chemotherapy they had

received and found minimal differences in AEs (between no

prior lines of chemotherapy and one (p = 0.0039) and three

lines (p = 0.0062)). Minor differences in response rates at

various time points, the most notable of which was signifi-

cant improvement in complete response (CR) at 12 months

in chemotherapy naı̈ve patients as compared to those who

had 1(p = 0.0069), 2 (p = 0.013), and 3 (p = 0.054) lines

of chemotherapy, were also demonstrated.

In 2012 a German group published their findings in 11

patients recruited for a single-armprospective safety study [21].

This group treated patients with liver-only disease who had

been off chemotherapy for at least 4 weeks. Patients were

treated every 3 weeks for a total of 4 treatments in a supra-

selective manner. Treatments aimed to deliver a dose of up to

400 mgof irinotecan loaded onto 100–300 lmor 300–500 lm
DC BeadsTM (BTG, London, UK). Of the 11 patients, 9

received all 4 treatments with two patients withdrawing after 2

treatments (1 for intrahepatic progression and the other due a

vascular abnormality leading to shunting to the heart). This

group experienced no SAEs, but did have 41 AEs in 9/11

patients. The majority of AEs (63%) were signs and symptoms

consistent with post-embolization syndrome (pain, etc.).

Response was measured by Response Evaluation Criteria in

Solid Tumors (RECIST). By the end of the study period, 7/11

(83%) showed progressive disease, 2/11 (18%) showed partial

response, and 2/11 (18%) showed stable disease.

Iezzi et al. [22] reported their results of a single-arm

prospective Phase II arm study that aimed to evaluate the

safety and efficacy of DEBIRI plus capecitabine in patients

who had disease progression despite two or more lines of

chemotherapy. Their cohort of 20 patients, included those

with liver-dominant disease, defined as[80% of metastatic

burden confined to the liver. M1 (\ 150 lm) DC BeadsTM

loaded with 100 mg of irinotecan were used. The treatment

schedule differed for unilobar versus bilobar disease, with a

single lobe treated at a time. For unilobar disease, they

treated one lobe in two sessions with a 4 weeks interval

between treatments. For bilobar disease, they treated one

lobe every 2 weeks for a total of 4 treatments with 4 weeks

between treatments of the same lobe. On the third day fol-

lowing the first DEBIRI treatment, patients started taking

1000 mg/m2 of capecitabine orally twice a day for 2 weeks

with 1 week off until unacceptable side effects or disease

progression occurred. The plannedDEBIRI protocol was not

completed in 8/40 (20%) of patients secondary to clinical

progression (5/8), withdrawal of consent (2/8), and grade 3

AE of vasospastic angina (1/8). Sixty-six AEs were experi-

enced thatwere allmild (grade 1–2), except for 2 grade 3AEs

(nausea/vomiting and acute vasospastic angina). The cohorts

PFS and OS were 4 and 7.3 months, respectively.

Aliberti et al. [23] published their single-arm prospective

phase II trial of 82 patients whom had failed at least two prior

lines of chemotherapy. The number of patients who had

extrahepatic disease was not reported. Patients were treated

in a lobar or segmental fashion with 100–200 mg of

irinotecan loaded onto 100–300 or 300–500 lm DC

BeadsTM. Delivery of 100% of the intended dose was

achieved in all patients. The majority of AEs in this study

were mild (grade 1–2) events consistent with post-em-

bolization syndrome. However, 20/82 (24%) patients expe-

rienced grade 3 right upper quadrant pain. An OS of

25 months and time to progression (TTP) of 8 months was

reported. The study demonstrated a general improvement in

quality of life (QoL) in 75/82 (90%) of patients that lasted

32 weeks. This group also reported two patients who were

able to undergo successful hepatic resection after treatment.

Retrospective Studies

Narayanan et al. [24] published a retrospective study of 28

patients, 93% of whom had undergone at least one prior line

of chemotherapy. They reported 75 total AEs in 47 proce-

dures performed; the vastmajoritywasmild (grade 1–2)with

only 4 cases of grade 3 toxicity (2 cases of abdominal pain

and 2 cases of hypertension). The mean and median PFS

were 5.2 and 4.0 months, respectively, while the mean and

median OS were 14.1 and 13.3 months, respectively.

Current State and Moving Forward

The initial DEBIRI studies have been promising. However,

the current data are heterogeneous and have varied not only

in basic technique but patient selection as well. The lack of

standardization was noted as in a recent consensus state-

ment on the treatment of colorectal metastases [25]. It will
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be important to further investigate the optimal timing for

patients to receive DEBIRI during treatment for metastatic

colorectal cancer. The strongest evidence thus far is the

prospective randomized controlled trial by Fiorentini et al.

[16] that demonstrated significant improvement in PFS and

OS for patients receiving DEBIRI as a salvage therapy as

compared to those who underwent FOLFIRI. Multiple

other studies have also demonstrated encouraging respon-

ses in a salvage setting (greater than two lines of

chemotherapy); however, these studies are limited by their

single-arm design with the lack of comparison to a salvage

chemotherapy or yttrium 90 (y90) therapy reducing these

studies’ impact. The single study that investigated using

DEBIRI as a first line therapy in concert with FOLFOX, a

prospective randomized controlled trial, failed to show

improvement in PFS and did not present data on OS. This

would suggest that DEBIRI may be better reserved for

second line therapy or later; however, this area would

benefit from further investigation.

Another area of variance in the studies performed so far

is whether to treat patients with liver-only or liver-domi-

nant metastatic disease. The definition of liver-dominant

disease has also varied significantly from[50 to[80% of

total metastatic burden. Well-designed prospective studies

to evaluate the benefit of DEBIRI in patients who have

extrahepatic disease are needed to determine if any OS and

PFS benefits exist.

The basic technique of DEBIRI is also yet to be well

studied. While a recent panel of experts recommended an

attempted dose delivery of 100 mg [14] per session, no

dose escalation or comparative studies have been per-

formed. Without further studies, the ideal target dose

remains unknown. Optimal bead size also lacks clarity.

There are limited data to suggest that smaller beads

(75–150 or 100–300 lm) provide increased efficacy com-

pared to larger beads (100–300 or 500–700 lm); however,

the Akinwande et al. [15] study on which this is based,

includes 100–300 lm LC Beads� in both the large and

small bead cohorts. The improved outcomes seen in the

Akinwande study may have been secondary to their ability

to deliver a higher dose of irinotecan with the smaller

particles. Interestingly, despite delivering a higher dose of

irinotecan, the smaller bead cohort experienced fewer

adverse events. While this evidence leads a panel of

experts to recommend small bead sizes [14], a prospective

randomized controlled trial is needed to thoroughly answer

the question. Lastly, while it is believed that lobar distri-

bution is best, given the desire to treat radiographically

occult disease and the need for normal hepatocytes to

activate the drug, this has not been conclusively proven.

Many patients have been reported to have significant

pain associated with the procedure. This has made some

providers hesitant to adapt DEBIRI. Various technical

modifications have been proposed to improve patients’

pain, including intra-arterial lidocaine administration.

However, this pain and other AEs may in part be related to

the rate of irinotecan release by the particle used to deliver

it. Further investigation into release times and possible

modifications would be of benefit.

Selective internal radiation therapy has been developed

over the last 15 years and is frequently used to treat this

same patient population. Comparison of these two tech-

niques to determine the comparative effectiveness and

adverse event profile is needed. These studies will require

careful design given the ever-changing landscape of

chemotherapies available to these patients.

Conclusion

DEBIRI is a promising locoregional therapy option with

great potential. The available data support its use in

patients with liver metastases from colorectal cancer after

failure of systemic chemotherapy. Given the promising

initial data further randomized controlled trials to deter-

mine the ideal patient population, the most efficacious

timing of treatment, as well as the optimal technique for

bead delivery, is warranted.
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