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ABSTRACT

Background. Unresectable intrahepatic cholangiocellular
carcinoma (ICC) carries a poor prognosis, and there are
few chemotherapeutic treatments to prolong survival. The
purpose of this study was to assess the efficacy of drug-
eluting bead (DEB) therapy by transarterial infusion for
unresectable ICC.

Methods. A prospective multicenter study of ICC patients
who received hepatic arterial DEB therapy.

Results. Twenty-four patients with unresectable ICC were
treated with DEB. Ten patients (41.6%) had recurrent ICC
after prior radiofrequency ablation (n = 3) or hepatectomy
(n = 7). Twenty patients (80%) had received prior che-
motherapy, mostly of gemcitabine (n = 8) or Eloxatin
(n =6). The percent of overall liver involvement
was < 25% (n = 8), 26% to 50% (n = 11), and > 50%
(n = 4). Ten patients (40%) had sites of extrahepatic dis-
ease located at lymph nodes (n =5), bone (n = 2),
peritoneum (n = 1), lung (n = 1), and mouth (n = 1). A
total of 42 DEB treatments were administered. Eight were
administered in combination with systemic chemotherapy
of FOLFOX (n = 4) or Gemzar (n = 4). Twelve patients
(48%) received a second treatment, and 4 patients (16%)
received a third treatment. The median length of stay was
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23 h (23-72 h). Eleven adverse reactions (26.2%) were
reported. Of these, 7 (63.6%) were minor (less than grade
3). One patient died from hepatorenal syndrome. The dis-
ease of one patient was downstaged to resection. After a
median follow-up of 13.6 months, the median overall
survival of a multitherapeutic regimen with DEB therapy
was significantly greater than chemotherapy alone (17.5 vs.
7.4 months; P = 0.02).

Conclusions. Bead therapy is safe and effective in patients
with unresectable ICC. There is a marked survival benefit
when DEB therapy is used as adjunctive therapy.

Intrahepatic cholangiocellular carcinoma (ICC) is a
malignant tumor arising from the epithelial cells lining the
biliary tree within the liver parenchyma. The incidence has
been increasing over the past 30 years, and now these
tumors account for approximately 10% to 15% of all pri-
mary hepatic tumors.! Patients typically present with
advanced-stage disease, resulting in a low resectability rate
and poor prognosis. The presence of multiple tumors, large
tumor size, poor differentiation, vascular invasion, and
lymph node metastases has been associated with poor
survival.>® The 5-year survival rate ranges from 5% to
42%, and there are few long-term survivors.*™®

Tumor resection is the only potential for long-term
survival, and patients require partial hepatectomy to
increase the chances of obtaining a negative resection
margin.>”® Approximately 75% of patients had unresec-
table disease at the time of presentation.” The major
determinants of resectability are the extent of tumor within
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the biliary tree, the amount of hepatic parenchyma
involved, vascular invasion, hepatic lobar atrophy, biliary
tract involvement, and metastatic disease.'”'" Approxi-
mately 16% to 25% of patients are found to have
unresectable disease at the time of laparotomy, most
commonly from peritoneal metastatic disease.'? Further-
more, many patients develop recurrent disease after
surgical resection.'*'* Even when surgery is successfully
performed, the 5-year survival rate remains 20% to
40%.%'>1° The roles of adjuvant radiotherapy or chemo-
therapy after hepatectomy remain controversial, given the
limited effect these additional therapies have played in
improving overall survival.'”—°

Unresectable ICC carries a poor prognosis, with a
median survival time of 6 to 12 months, and currently there
are no established chemotherapeutic treatments to prolong
survival.'”*" Palliative radiotherapy has shown minimal
benefit in the treatment of unresectable ICC. The optimal
management strategy for unresectable ICC remains to be
defined, and new regimens are needed to prolong survival
and increase response rates.

ICCs are predominantly supplied by the branches of the
hepatic arterial system, making these malignancies ame-
nable to hepatic arterial chemotherapy. Hepatic arterial
therapy delivers chemotherapeutic agents directly to the
tumor. Approximately 85% of the drug is metabolized in
the liver, thus limiting systemic side effects. This therapy
can induce tumor ischemia and promotes long-lasting in-
tratumoral retention of chemotherapeutic agents. Drug-
eluting bead (DEB) therapy represents a new and innova-
tive delivery device that can deposit chemotherapeutic
agents with minimal release into adjacent tissues. The
beads are delivered as an outpatient therapy, and recent
reports have shown that DEB therapy is well tolerated.?* >’
DEBs may increase the intensity and duration of ischemia
and enhance delivery of chemotherapeutic agents.”® The
aim of this study was to assess the efficacy of DEB therapy
by hepatic transarterial infusion in combination with sys-
temic therapy in the treatment of unresectable ICC.

METHODS

This study was a prospective, multi-institutional review
of the International Bead Registry of patients with unre-
sectable ICC who received hepatic arterial DEB therapy.
The registry received institutional review board approval
and complied with the principles and protocols laid down
in the Declaration of Helsinki in accordance with the
International Conference of Harmonization (ICH) Harmo-
nized Tripartite Guideline for Good Clinical Practice.”

Consecutive patients with unresectable ICC were inclu-
ded, and patients with extrahepatic cholangiocarcinomas

(hilar and Klatskin tumors) were excluded. Inclusion cri-
teria for chemoembolization with hepatic arterial DEB
therapy were as follows: (1) confirmed diagnosis of ICC by
tissue biopsy; (2) Karnofsky performance score of 60% to
100%; (3) age >18 years; and (4) patient able to provide
informed consent in accordance with institutional and
national guidelines. Exclusion criteria were as follows: (1)
history of severe allergy or intolerance to contrast media;
(2) bleeding diathesis; (3) severe peripheral vascular dis-
ease precluding catheterization; (4) clinically important
extrahepatic disease, generally in excess of 50% of the
overall whole body tumor bulk, or any tumor burden that
represented an imminent threat to the patient’s life; (5)
>75% hepatic parenchymal involvement; (6) severe liver
dysfunction; (7) active, uncontrolled infection; or (8) any
other contraindication to hepatic angiography and selective
visceral catheterization.”

Intra-angiographic assessment is the gold standard for
use of hepatic arterial therapy. Hepatic arterial therapy
usage is not based on the vascularity seen in computed
tomographic (CT) arterial phase images because there is
wide variation in the timing of the arterial phase images
obtained. Thus, because it is well established that all can-
cers of the liver and biliary tract derive most their blood
supply from the arterial system, we have used angiography
as the final determinant for treatment. Our prior studies
have demonstrated the safety and efficacy of treating
hypovascular lesions seen on CT scan.?*-°

DEBs loaded with irinotecan (DEBIRI) are delivered to
the tumor by transarterial chemoembolization (TACE). The
primary functions of the device are to embolize the small
arteries feeding the tumor, thus causing hypoxia, and to
deliver irinotecan to the tumor in a controlled manner.
Drug-eluting beads loaded with doxorubicin (DEBDOX)
were also used in this study when irinotecan was not
available or at the physician’s discretion. Treatment was
performed via a lobar approach on the basis of the extent
and distribution of the disease. The method of DC/LC Bead
therapy has been described previously.’® The drug-eluting
bead (DEBIRI or DEBDOX) used in this report is the DC/
LC Bead (Biocompatibles, Farnham, UK), which is a PVA
microsphere with U.S. Food and Drug Administration
clearance as a class II device. It is also CE marked
as a drug delivery embolization system. The beads are
available in the size ranges of 100 to 300 pum, 300 to
500 pm, 500 to 700 pum, and 700 to 900 pm. The size of
bead used in each treatment was at the discretion of the
treating physician.

Follow-up assessments included a triphase CT scan of
the liver within 3 months of treatment. Evaluation of the
enhancement pattern of the target lesion and tumor response
rates was measured according to Response Evaluation
Criteria in Solid Tumors (RECIST) and modified RECIST
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criteria.”' ™ The diameter of the hypervascular portion of

the tumor was evaluated at baseline and during follow-up.

Adverse events defined as an untoward deviation in
health away from baseline due to any cause were recorded
during the hospital stay and for 30 days after each treat-
ment and were graded according to the standard 5-point
grading scale. All adverse events were recorded per stan-
dards and terminology set forth by the Cancer Therapy
Evaluation Program Common Terminology Criteria for
Adverse Events, version 3.0. Major complications were
defined as grade 3 or higher. Postembolization syndrome
was defined as nausea, emesis and abdominal discomfort.

Data entry was monitored for completeness and accu-
racy at University of Louisville. A central assessment of
tumor response was performed for all patients by the
principal investigator at University of Louisville. Data
analysis was limited to descriptive reports of the number
and characteristics of the patients treated, and their clinical
responses and adverse events.

Patients undergoing hepatic arterial DEBIRI or DEB-
DOX therapy were compared to reported outcomes in
the literature of patients who were treated with systemic
chemotherapy only. Literature regarding systemic chemo-
therapy use in the treatment of unresectable ICC was
identified by a review of all publications in peer-reviewed
journals in the English language from 1995 to 2008.
Unpublished studies and abstracts presented at national and
international meetings were not included. Publications were
identified by conducting a comprehensive search of Medline,
Embase, Science Citation Index, Current Contents, and
PubMed databases, with medical subject headings of
“intrahepatic cholangiocarcinoma,” “cholangiocarcinoma,”
“chemotherapy,” and “bile duct cancers.” A manual search
of the abstracts was performed to identify publications
for inclusion in this review. Case reports, articles in which
systemic chemotherapy was combined with additional
radiotherapy or TACE, and studies that did not differentiate
biliary tract cancers by location were discarded.

Statistical analysis was performed by JMP 4.0 and
SPSS version 16 software (SPSS, Chicago, IL). Survival
was plotted by the Kaplan—-Meier method and compared
by the log rank test. Survival (in months) was measured
from date of initial diagnosis until death or last follow-up
Vvisit.

RESULTS

Twenty-four patients with a diagnosis of unresectable
ICC underwent hepatic arterial DEB therapy. There were 9
men (37.5%) and 15 women (62.5%). The median age at
diagnosis was 59 years, with a range of 33 to 80 years
(Table 1). The median height was 1.7 & 0.2 m. The

TABLE 1 Demographic data and tumor characteristics of 24

patients
Characteristic Value
Median age (y) (range) 59 (33-80)
Sex (M, F) 9,15
Tobacco use 24%
Ethyl alcohol consumption 0%
Prior surgery 7

Right hepatectomy 4

Right trisegmentectomy 1

Left hepatectomy 1

Caudate lobectomy 1
Prior radiofrequency ablation 3
Prior chemotherapy

Gemcitabine 7

Oxaliplatin & bevacizumab 4

FOLFOX 1

Other 2
Karnofsky score

100% 9

90% 6

80% 6

<80% 1
Height (m)

Median 1.7

Mean 1.7

Standard deviation 0.2
Weight (kg)

Median 70

Mean 71.2

Standard deviation 14.3
Basal metabolic index (kg/m?)

Median 25.5

Mean 25.8

Standard deviation 5.9
Race

White 22

African American 2
Liver lesion distribution

Distinct number 11

Numerous 13

Median no. of total lesions (range) 3 (1-25)
No. of tumors

1

2-3

>3 16
Liver involvement

<25% 9

26%—-50% 11

>50% 4
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TABLE 1 continued

TABLE 2 Details of irinotecan-based bead treatments

Characteristic Value Characteristic Value
Median target lesion size (cm) (range) 11.5 (4-33.3) No. of bead courses
Median no. of target lesions (range) 2 (1-5) 1 12
Site of extrahepatic disease 10 2 8

Lymph nodes 5 3 4

Bone 2 Treatment location

Peritoneum 1 Right 51%

Lung 1 Left 43%

Mouth 1 Middle 5%

Level of branching
Lobar 88%

median weight was 70 £ 14.3 kg. The median basal met- Segmental 6%
abolic index was 25.5 &= 5.9 kg/mz. Twenty-four percent Subsegmental 6%
of the patients used tobacco, and none reported alcohol use. Drug provided
Medical histories included cardiac disease, pulmonary Irinotecan 35
disease, diabetes, and hypertension. None of the patients in Doxorubicin 7
this study had cirrhosis, either by pathological (patients  pfedian dose delivered (mg) (range)
with prior resection) or radiological (patients with unre- Irinotecan 75 (40-100)
sectable disease at initial presentation) diagnosis. Doxorubicin 150 (150-150)

Seven patients (29.2%) had recurrent ICC after prior
hepatic resection. Of these, right hepatectomy (n =4
patients) was the most common, followed by right triseg-
mentectomy (n = 1), left hepatectomy (n = 1), and
caudate resection (n = 1). Three patients had recurrent
ICC after prior radiofrequency ablation (RFA). Twenty
patients (80%) had received prior chemotherapy, mostly of
gemcitabine (n = 8) or Eloxatin (n = 6).

The extent of liver disease was defined as innumerable
liver lesions in 13 (54.2%), and 11 (45.8%) had a distinct
number of lesions (Table 1). The median number of liver
lesions was 3 but ranged from 1 to 25 lesions. Overall liver
involvement was <25% (n = 9), 26% to 50% (n = 11),
and >50% (n = 4). The median size of the target lesion
was 11.5 cm (range, 4-33.3 cm). Ten patients (41.7%) had
sites of extrahepatic disease located at the lymph nodes
(n = 5), bone (n = 2), peritoneum (n = 1), lung (n = 1),
and mouth (n = 1).

A total of 42 DEB treatments were administered; 35
treatments (83.3%) used irinotecan and 7 (16.7%) used
doxorubicin. The median dosage delivered for irinotecan
was 75 mg (range, 40-100 mg), and the median dosage for
doxorubicin was 150 mg (range, 150-150 mg). Twelve
patients (50%) underwent a single bead treatment, &
patients (33.3%) received two treatments, and 4 patients
(16.7%) underwent three treatments. The locations treated
were right (51%), left (43%), and middle (5%) hepatic
arteries. The technical success rate was 100%. The degree
of flow occlusion was complete (46%), near complete
(33%), and partial (21%) (Table 2).

The median length of stay was 23 h (range, 23-72 h).
Of the 42 treatment sessions, 11 (26.2%) adverse events

Bead size (um)

100-300 71%
300-500 17%
500-700 2%
100-300, then 300-500 10%
Degree of occlusion

Complete 46%
Near 33%
Partial 21%
Technical success 100%

Concurrent chemotherapy
FOLFOX =+ bevacizumab
Other 5

were reported. Of these, 7 (63.6%) were minor (less than
grade 3) and 4 (36.3%) were major (grade 3 or higher).
Four patients (40%) developed postembolization syndrome
that was either grade 1 or grade 2 in severity. One patient
died from hepatorenal syndrome. This patient had numer-
ous lesions in the right side of his liver with approximately
51% to 75% liver involvement. An 11-cm lesion in seg-
ment V was treated with one DEB course with 100 mg of
irinotecan. He had not undergone prior chemotherapeutic
treatment, hepatic resection, or radiofrequency ablation.
Preoperative total bilirubin was 1.6 mg/dl, and preopera-
tive creatinine was 1.3 mg/dl. The patient died 12 days
after DEB treatment. Other treatment-related adverse
events included 1 patient who developed sepsis from a port
infection (grade 4), 2 patients with atrial fibrillation (grade
2), and 1 patient with pneumonia (grade 2). Two patients
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developed hepatic insufficiency (grade 3) that was self-
limited and resolved (Table 3).

Response rate data were recorded at 3 months,
6 months, and 9 to 12 months (Table 4). At 3 months, the
tumor response rate (complete response + partial
response) was 79% by modified RECIST and 8% by RE-
CIST criteria. RECIST criteria misclassify many patients
with a partial response as having stable disease because it

TABLE 3 Type and incidence of adverse events

Complication Grade n
Postembolization syndrome 1to2 4
Pneumonia 2 1
Atrial fibrillation 2 2
Hepatic insufficiency 3 2
Sepsis 4 1
Hepatorenal death 5 1

TABLE 4 Tumor response for initial follow-up visit at various time
points

Response 3 months 6 months 9-12 months
RECIST
CR 1 (4%) 2 (10%) 1 (6%)
PR 1 (4%) 3 (15%) 1 (6%)
SD 20 (83%) 13 (65%) 13 (72%)
PD 2 (8%) 2 (10%) 3 (17%)
Modified RECIST
CR 1 (4%) 2 (10%) 1 (6%)
PR 18 (75%) 14 (70%) 12 (67%)
SD 3 (13%) 2 (10%) 2 (11%)
PD 2 (8%) 2 (10%) 3 (17%)

RECIST Response Evaluation Criteria in Solid Tumors, CR complete
response, PR partial response, SD stable disease, PD progressive
disease

does not take tumor necrosis into account and vastly
underestimates tumor response.’>** Two patients (8%) had
progressive disease at 3 months. At 6 months, the tumor
response rate was 80% by modified RECIST and 25% by
RECIST criteria, and an additional 3 patients (15%) dem-
onstrated progressive disease. At 9- to 12-month follow-up
assessment, the tumor response rate was 73% by modified
RECIST and 12% by RECIST criteria, with an additional 3
patients (17%) demonstrating progressive disease.

Three patients were downstaged to resection and
underwent subsequent hepatectomy with radiofrequency
ablation. Three patients showed a complete response with
100% loss of positron emission tomography scan activity.
Of these, 1 patient remains free of disease (follow-up time,
33.8 months) and 2 patients are alive with disease (follow-
up time, 33.3 and 80 months).

The median follow-up time was 13.6 months. The
median overall survival of a multitherapeutic regimen with
DEB therapy was 17.5 months, as compared to chemo-
therapy alone, which was 7.4 months in the literature
review (P = 0.02) (Table 5; Fig. 1).

DISCUSSION

Unresectable ICC carries a poor prognosis, and currently
there are no established chemotherapeutic protocols to
prolong survival. Patients generally present with advanced-
stage disease that is not amenable to surgical resection. The
multidisciplinary treatment strategy for unresectable ICC is
becoming more complex, and the optimal management
strategy remains to be defined. Our results demonstrated
that precision hepatic arterial therapy with DEBIRI or
DEBDOX is safe and effective. DEB therapy achieved
major tumor necrosis while minimizing systemic exposure
to chemotherapeutic agents, thus reducing side effects.

There are no standardized recommendations for sys-
temic chemotherapy in unresectable ICC. Treatment with

TABLE 5 Current literature of reported effectiveness of systemic chemotherapy in the treatment of unresectable intrahepatic cholangiocellular

carcinoma

Study No. of Type of chemotherapy Response  Adverse events Overall
patients rate (%) survival (mo)

Feisthammel et al.>* (2007) 17 Irinotecan + 5-FU 5.9 Sepsis (death), hematologic, GI 5.5

Kim et al.>® (2008) 38 Gemcitabine + platinums 16.7 NR 7.6

Kim et al.>® (2008) 54 Fluorpyrimidines + platinums ~ 19.5 NR 7.6

Lee et al.%> (2004) 20 Epirubicin, cisplatin, + 5-FU 10 Hematologic 5

Nehls et al.”® (2008) 18 Capecitabine + oxaliplatin 0 Hematologic, GI, thromboembolic 5.2

Sasaki et al.”’ (2009) 14 Gemcitabine + S-1 28.6 Hematologic 10.3

Takezako et al.”® (2008) 39 Cisplatin, epirubicin + 5-FU 10 Sepsis (2 deaths), hematologic, GI 9.1

5-FU 5-fluorouracil, GI gastrointestinal, NR not recorded
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FIG. 1 Kaplan—-Meier survival curve depicting overall survival of
patients (N = 24) with unresectable intrahepatic cholangiocellular
carcinoma treated with transarterial chemoembolization—drug-eluting
beads loaded with irinotecan or transarterial chemoembolization—
drug-eluting beads loaded with doxorubicin therapy

S5-flurouracil (5-FU) has approximately a 10% to 15%
response rate when provided alone.> Combination chemo-
therapy with 5-FU showed response rates between 15 and
55% and a median survival rate of 6 to 12 months.”**™*!
An initial phase 2 study of systemic irinotecan found a
partial response rate of 8% and stable disease in 40% of
participants, and the median survival was 10 to
12 months.>® Gemcitabine showed a 30% response rate
when used as a single agent.****~** Gemcitabine combined
with a platinum compound yielded a 30% to 50% response
rate and 10- to 15-month survival.'****=** Most studies
about systemic chemotherapy administration for unresec-
table ICC do not stratify response rates and overall survival
by location of the pathology. We found six studies that
differentiated ICC from other biliary tract cancers. These
studies reported response rates of 5.9% to 30% and overall
survival from 5 to 10.3 months (Table 5).

Treatment with radiotherapy has shown little benefit in
prolonging survival. Zeng et al. reported an objective
response rate of 36.4% to external beam radiation and
showed prolonged survival.*” Radioembolization with
yttrium-90 microspheres showed a median survival of
20.4 months; however, most of these patients received
concurrent chemotherapy, and 40% had undergone prior
liver resection.”’ Additionally, this technique may not be
available at all treatment centers.

TACE combines hepatic artery embolization with infu-
sion of concentrated doses of chemotherapeutic agent
directly into the tumor. The development of DEBs loaded
with chemotherapy and delivered by TACE may increase
the intensity and duration of ischemia while enhancing
drug delivery. DEBs slowly release chemotherapy when
injected and decrease the passage of drugs into systemic

circulation, even when high doses are administered. These
functions enhance the toxic effect of the drug while mini-
mizing systemic side effects. DEB therapy is a more
precision-directed device as compared to prior hepatic
arterial therapies. TACE with DEBIRI has been used in the
multidisciplinary treatment of hepatocellular carcinoma
and liver metastases from colorectal cancer, ocular mela-
noma, and neuroendocrine tumors with promising results
and minimal adverse effects, > 28-30:46-49

In the current study, patients with unresectable ICC
were treated by TACE with DEBIRI or DEBDOX, and the
tumor response criteria were determined by both RECIST
and modified RECIST criteria. RECIST criteria do not
account for the degree of tumor necrosis and may under-
estimate tumor response because necrosis is not paralleled
by reduction in tumor diameter.>*** The conclusions from
the Barcelona-2000 EASL conference recommended that
estimations of tumor response include tumor necrosis,
which can be estimated by areas by nonenhancement of
contrast CT scan or magnetic resonance imaging.> In the
current study, RECIST criteria vastly underestimated a
partial tumor response and instead categorized many of
these patients as having stable disease.

The response rates in the current study exceeded the
rates reported with traditional TACE therapy, which are
30% to 40%.°°5% The current study yielded response rates
between 70% and 80%, with an additional 5% to 13% of
patients having stable disease. Cantore et al. performed a
phase 2 trial evaluating the efficacy of combined locore-
gional and systemic chemotherapy. Thirty consecutive
patients with advanced biliary tract tumors were treated
with hepatic intra-arterial infusion of epirubicin and cis-
platin and concurrent systemic 5-FU. The overall response
rate was 40%, with an additional 40% having stable dis-
ease. The median overall survival was 13 months.>
Mambrini et al. treated 20 patients with intra-arterial
infusion of epirubicin and cisplatin combined with cape-
citabine. They showed 31.5% response rate and stable
disease in 47.5% with an overall survival of 18 months.”

The median overall survival of a multitherapeutic regi-
men with DEBIRI was significantly longer than
chemotherapy alone (17.5 vs. 7.4 months, P = 0.02).
Response rates with combination chemotherapy ranged
from 15% to 55%, with median overall survival ranging
from 5 to 10.3 months in the recent literature.'’-%3%-43:44-50
The addition of TACE with DEBIRI to multidisciplinary
treatment regimen greatly prolonged survival and increased
the tumor response and control rates.

The most common adverse effect was postembolization
syndrome of either grade 1 or 2 severity and was present in
4 patients (16.7%). Pretreatment with intra-arterial 1%
plain lidocaine has led to effective amelioration of peri-
procedural discomfort in most patients.”>*! There were no
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device-related complications or complications related to
hepatic artery cannulation. None of the patients displayed
adverse events consistent with systemic administration of
irinotecan.

A weakness of this study was that this was not a ran-
domized, controlled trial. The data were prospectively
collected and retrospectively analyzed. The data obtained
were compared to historical data regarding systemic che-
motherapy. The patients did not receive identical
treatments at all of the participating sites.

In conclusion, the use of TACE with DEBIRI or DEB-
DOX was safe and effective in the treatment of
unresectable ICC as demonstrated by the low complication
rate and by tumor response criteria. Patients exhibited
much longer overall survival time as compared to patients
treated with chemotherapy only. Results of this study
warrant further prospective investigations in the form of
controlled clinical trials to confirm this data and to estab-
lish the role of hepatic transarterial chemotherapy with
DEBIRI in the multidisciplinary treatment strategy of un-
resectable ICC.
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