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Abstract

AIM

To study tumor response, and tolerability of arterially
directed embolic therapy (ADET) with polyethylene glycol
embolics loaded with irinotecan for the treatment of
colorectal cancer liver metastases (CRC-LM). Secondary
objectives were to monitor quality of life, time to
progression and survival of patients.

METHODS

Patients were included in the study if they were affected
by CRC-LM, refractory to systemic chemotherapy, treated
with ADET using polyethylene glycol embolics, and had
liver involvement < 50%. Tumor response, performance
status (PS), tumor marker antigens, and quality of life
(QoL) were monitored at 1, 3 and 6 mo after ADET. QoL
was assessed with the Palliative Performance Scale (PPS).

RESULTS

We treated 50 consecutive CRC-LM patients with ADET
using polyethylene glycol embolics. Their tumor response
one month after ADET was: 28% of complete response
(CR), 48% of partial response (PR), 8% stable disease
(SD), and 16% of progression. Tumor response 3 mo after
ADET was CR 24%, PR 38%, SD 19% and progression
disease (PD) 19%. Tumor response 6 mo after ADET
was CR 18%, PR 44%, SD 21% and PD 18%. QoL was
90% PPS at each time point. Median time to progression
for patients who progressed was 2.5 mo (range 0.8-6).
Median follow-up was 14 mo (0.8-25 range). ADETs
were performed with no complications. Observed side
effects (mild or moderate intensity) were: Pain in 32% of
patients, increase of transaminase levels in 20% and fever
in 14%, whereas 30% of patients did not complain any
adverse event.

CONCLUSION

The treatment of unresectable CRC-LM with ADET using
polyethylene glycol microspheres loaded with irinotecan
was effective in tumor response and resulted in mild
toxicity, and good QoL.

Key words: Liver metastases; Arterially directed embolic
therapy; Colorectal cancer; Polyethylene glycol embolics;
Irinotecan

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with liver metastases from colorectal
cancer are in 80% of cases non-indicated for resection.
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The standard first line treatment of unresectable liver
metastases is systemic chemotherapy, however this
method results in progression for 70% of patients.
The indicated therapy for refractory patients is the
chemoembolization. In this study, we monitored tumor
response, and adverse events after chemoembolization of
colorectal cancer liver metastases with polyethylene glycol
embolics loaded with irinotecan. Chemoembolization with
these embolics is effective in terms of tumor response,
time to progression, survival and quality of life and
resulted in mild toxicity.

Fiorentini G, Carandina R, Sarti D, Nardella M, Zoras O, Guadagni
S, Inchingolo R, Nestola M, Felicioli A, Barnes Navarro D, Munoz
Gomez F, Aliberti C. Polyethylene glycol microspheres loaded with
irinotecan for arterially directed embolic therapy of metastatic liver
cancer. World J Gastrointest Oncol 2017; 9(9): 379-384 Available
from: URL: http://www.wjgnet.com/1948-5204/full/v9/19/379.htm
DOI: http://dx.doi.org/10.4251/wjg0.v9.19.379

INTRODUCTION

Patients with liver metastases from colorectal cancer
(CRC-LM) are non indicated for resection in 80% of
cases'. The standard first line treatment of unresectable
CRC-LM is systemic chemotherapy, administering 5-fluo-
rouracil in association with oxaliplatin and/or irinotecan,
and biologics. This method results in limited tumor
control with progression for 70% of patients'™, The
treatment of patients refractory to chemotherapy is very
challenging, since they will hardly have a response to
following chemotherapy lines.

A recent review on CRC-LM therapy methods shows
that key strategies are local therapies, including loco-
regional and ablative methods!*?. Hepatic arterial
infusion (HAI), arterially directed embolic therapy
(ADET), transarterial embolization associated to sele-
ctive internal radiation therapy (SIRT) are among the
most applied locoregional therapies. Radiofrequency
ablation (RFA), microwave ablation (MWA) and cryo-
ablation are the most used ablative techniques™.

A recent report shows the efficacy of ADET with
irinotecan loaded beads also as neoadjuvant therapy,
leading to complete resectability (R0), and resulting in
tumor response and survival comparable to those of
chemotherapy™.

The advantages of ADET are several, such as
reducing drug leakage, liver and systemic toxicity™.
ADET is widely used for patients with CRC-LM after
failure of surgery or systemic chemotherapy, and can
be used for both pre- and post-operative downsizing,
reducing the time to surgery, and prolonging overall
survival®.,

In our last report, we show that ADET with newly
introduced polyethylene glycol microspheres loaded
with irinotecan are safe and effective for the treatment
of primary and secondary liver cancer”’. In this study
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Table 1 Baseline patient characteristics

% (range)

Male 28 56
Female 22 44
Age (yr), median 63 (46-86)
Tumor size (mm), median 35 (5-130)
1-2 nodules 15 30
3-5 nodules 18 36
> 5 nodules 17 34
Tumor antigens
Ca19.9 (U/mL), median baseline 14 (1.9-7628)
Ca19.9 (U/mL), median 1 mo 10.3 (1.8-1558)
Ca19.9 (U/mL), median 3 mo 20 (5.8-1234)
Ca 19.9 (U/mL), median 6 mo 85 (2.6-1138)
CEA (U/mL), median baseline 31.1 (0.7-453)
CEA (U/mL), median 1 mo 35 (3-370)
CEA (U/mL), median 3 mo 32.5 (3-1057)
CEA (U/mL), median 6 mo 22.85 (0.5-735)
Previous surgery
Primary tumor resection 48 96
Metastasectomy 17 34
No surgery 2 4

we focused on CRC-LM to assess tumor response, and
adverse events after ADET with polyethylene glycol
embolics loaded with irinotecan. We also monitor
quality of life, time to progression and survival of these
patients.

MATERIALS AND METHODS

Sample

We enrolled 50 consecutive eligible patients affected by
unresectable CRC-LM that were refractory to systemic
chemotherapy and were treated with ADET using
polyethylene glycol embolics and irinotecan (LIFIRI®).
Inclusion criteria for patient selection were: > 18 years,
histological diagnosis of CRC-LM; refractory to systemic
chemotherapy, Performance status (PS) 0-2; tumor
size evaluable according to RECIST version 1.1 liver
involvement < 50%; life expectancy = 3 mo.

Exclusion criteria were: Contraindication to angio-
graphic catheterization; extensive extra-hepatic dis-
ease; liver involvement > 50%; pregnancy or breast
feeding; other severe clinical impairments.

Arterially directed embolic therapy procedure

The interventional radiologist performed a diagnostic
angiography to assess tumor arterial perfusion before
ADET. Distal catheterization was used in order to avoid
extra-hepatic leakage.

ADET was performed infusing 2 mL of LifePearl®
(Terumo Europe NV, Leuven, Belgium) that were loaded
with irinotecan (100 mg), and diluted in 5 mL of non-
ionic contrast solution and 5 mL of distilled water'.
The diameter of miscrospheres was 100 + 25 micron.
Infusion median time was 12 min at a fixed speed of
1 mL/min. It was possible to perform a second ADET
after 30 d, according to physician evaluation of tumor
response. Periprocedural and supportive therapy
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to prevent side effects were administered as in our
previous study™®*®,

Tumor response assessment

RECIST criteria version 1.1™ and European Association
for the Study of Liver Disease method™ were used for
tumor response assessment from abdomen and pelvis
computed tomography (CT) imaging. Tumor response
was monitored at 1, 3 and 6 after ADET.

Adverse events

National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE), version 3.0 was
applied for adverse events classification and intensity
evaluation.

Quality of life

Palliative Performance Scale (PPS) was used for quality
of life (QoL) at 1, 3, and 6 mo after ADET*., Our hypo-
thesis was that patients would have better physical and
social characteristics, and better health perception one
month after ADET.

Statistical analysis

Data analysis of the sample (n = 50) was performed.
The median was computed for continuous data, and
proportions were expressed in percentage. Significance
of continuous variables was assessed with y* and
Student’s t-test (P < 0.05).

RESULTS

Sample

The sample included 50 patients affected by CRC-LM
that were treated with ADET using polyethylene glycol
embolics and irinotecan (LIFIRI®). Twenty-eight (56%)
patients were males and 22 (44%) females. Median
sample age was 63 years (range 46-86). PS was 0 at
baseline in 35 (70%) patients, PS = 1 in 13 (26%)
patients and PS = 2 in 2 (4%) patients. Other site of
concomitant metastases were: Lung in 2 (4%), lymph
nodes in 1 (2%) and lung, omentum and ovary in 1 (2%)
patient (Table 1).

Surgery of primary tumor was done in 48 (96%)
and metastasectomy in 17 (34%) patients. Tumor
markers levels CEA and Ca 19.9, and tumor size were
reported in Table 1. Most of the sample 72% received
one ADET, whereas 5 (22%) patients received two
ADETs.

Tumor response

One month after ADET we observed 14 (28%) complete
response (CR), and 24 (48%) partial response (PR),
4 (8%) stable disease (SD), and 8 (16%) progression
disease (PD) (Figure 1). Tumor response 3 mo after
ADET was 10 (24%) CR, 16 (38%) PR, 8 (19%) SD and
8 (19%) PD. Tumor response 6 mo after ADET was 6
(18%) CR, 15 (44%) PR, 7 (21%) SD and 6 (18%) PD.
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Figure 1 Tumor response. CR: Complete response; PR: Partial response;
SD: Stable disease; PD: Progressive disease.

Median time to progression for patients who progressed
was 2.5 mo (range 0.8-6). Median follow-up was 14 mo
(0.8-25 range). Overall survival was (OS) 14 mo (range
1.3-25).

We report the imaging of a particular case that we
treated. The imaging showed a voluminous unresectable
metastases in the right lobe of one patients at diagnosis
(Figure 2). One month after LIFIRI, there was reduction
of contrast enhancement and increase of necrotic areas,
at 3 mo after LIFIRI, tumor shrinkage and reduction of
viable tissue was observed, and at 6 mo after LIFIRI,
the metastases appeared almost completely necrotic.

Adverse events

No complications were observed during ADET. Most
reported adverse events after ADET were symptoms
correlated to the post-embolic syndrome (PES) (Table 2).
Observed side effects were of mild (88%) or moderate
intensity (12%). They included: Pain in 16 (32%) and
fever in 7 (14%) patients. Transaminase rise > 2.5
upper normal level (ULN) was observed in 10 (20%)
patient. Adverse effects were all mild (G1) intensity
except one case of moderate (G2) Transaminase rise
and two cases of pain, and they were all resolved
without complications. Thirty four (68%) patients did
not complain any adverse event.

QoL

QoL was 90% PPS at each time point, 3, 6 and 9 mo
after ADET, suggesting improvements in physical and
social functions and better health perception.

DISCUSSION

Systemic therapy for unresectable CRC-LM had an OS
of 20-27 mo and patients’ deaths were mainly due to
disease progression'. Locoregional therapies were
introduced in order to improve survival, and include
different methods: HAI, radioembolization (RE), and
ADEr[lS—lS].

These intrahepatic arterial therapies were developed
because the liver disease mainly exploits the arterial
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Table 2 Adverse events (G1-G2)

n (%)
Pain 16 (32)
Transaminase rise 10 (20)
Fever 7 (14)
None 20 (40)

system as source of blood supply, whereas normal
liver relies on portal circulation™®*”, A review on their
efficacy of these locoregional methods showed that
HAI, RE, and ADET had similar tumor response in
patients affected by unresectable CRLM, and only small
differences in overall survival'*®, Other studies reported
ADET efficacy also as neo-adjuvant therapy for CRC-
LM, obtaining significant surgical down-staging with
irinotecan eluting beads™ "1,

Advantages of ADET were based on the application
of drug eluting bead that can deliver a high concen-
trations of toxic chemotherapeutic drug in the liver
minimizing the leakage into adjacent tissues, by em-
bolizing the terminal arterial capillaries®**. ADET has
been increasingly used in the last decades for CRC.
LM, and several improvements of the methodology
has been applied. Improvements included the direct
beads delivery into the tumor without increasing
risks, prolonged exposure to new toxic drug, and the
application of new types of beads.

In our last study we reported the use of ADET with
PEG embolics for the treatment of primary (HCC and
cholangiocarcinoma) and metastatic (CRC, breast and
uvea) liver cancer’*. We applied ADET with these new
type of PEG microspheres loaded with irinotecan (LIFIRI
®) to a larger sample of CRC-LM (50 patients), and we
collected data on tumor response, adverse events, QolL,
time to progression and survival.

We observed 28% of CR and 24% of PR in patients
affected by CRC-LM one month after the LIFIRI®. Tumor
response 3 mo after ADET was CR 24%, PR 38%,
SD 19% and PD 19%. Tumor response 6 mo showed
an increase of PR and a decrease of CR, whereas
SD and PD were stable: CR 18%, PR 44%, SD 21%
and progression disease (PD) 18%. Median time to
progression was 2.5 mo (range 0.8-6). These data were
in agreement with results reported by other studies
showing response rate in the range of 60%-75%"*%,

ADETs were performed with no complications.
Observed side effects were all of mild (G1) or except
one of moderate intensity (G2). Adverse events were:
Pain (32%) and hypertransaminemia in 20% of patients
and fever in 7%. These symptoms were correlated
to post embolic syndrome, as reported in other stu-
dies®'*®1, Many patients (40%) did not complain any
adverse event.

QoL was measured with PPS, and data analysis
showed a PPS of 90% at each time point after ADET,
suggesting good physical and social functions, and
health perception. These data were reported also when
measuring QoL after ADET with DC-Beads”'. This may
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Figure 2 Effects of chemoembolization with polyethilene glycol microspheres loaded with irinotecan. A: Before LIFIRI: Voluminous non resectable metastases
in the right lobe; B: One month after LIFIRI: Reduction of contrast enhancement and increase of necrotic areas; C: Three months after LIFIRI: Tumor shrinkage and
reduction of viable tissue; D: Six months after LIFIRI: Metastases appears almost completely necrotic and reduced in diameter (as shown by circles around tumor

mass).

suggest that comparable results may be attained with
PEG microspheres in respect of previous available drug-
eluting beads.

Our study has several limitations, such as the small
number of patients observed and the short time of
follow-up. Our results, however, were very interesting
because they were the first to report the feasibility
and tolerability of ADET with PEG microspheres for the
treatment of unresectable CRC-LM that were refractory
to systemic chemotherapy. Future multicenter rando-
mized studies with a larger number patients and longer
times of observation are required to confirm these data.

The therapy of unresectable CRC-LM with ADET
using polyethylene glycol microspheres loaded with
irinotecan was effective in tumor response and resulted
in mild toxicity, and good QoL, showing non-inferior
results than previous drug eluting beads.

COMMENTS

Background

Patients with liver metastases from colorectal cancer are in 80% of cases
non indicated for resection. The standard first line treatment of unresectable
liver metastases is systemic chemotherapy, however this method results in
progression for 70% of patients. The indicated therapy for refractory patients is
the arterially directed embolic therapy (ADET).

Research frontiers
ADET of colorectal cancer liver metastases with polyethylene glycol embolics
loaded with irinotecan was effective in tumor response and resulted in mild
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toxicity, and good quality of life (QoL), showing non-inferior results than
previous drug eluting beads.

Innovations and breakthroughs

The use of polyethylene glycol (PEG) microspheres allow a high tumor
response maintaning low levels of toxicity, and are an important innovation in
the treatment of un-resectable liver metastases from colon carcinoma. These
microsphere are more resilient to stress and attrition.

Terminology

ADET: Delivery of embolics directly inside the tumor-feeding vessels by
arterial infusion; PEG is a hydrophilic material that allows a good elasticity,
compressibility, and maximizes suspension time.

Peer-review

Overall, this is a very strong prospective study with solid experimental design.
The manuscript is well written and the results support the authors’ conclusion.
The results are novel and provide promising clue to physicians.
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