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Abstract

Purpose To assess the overall survival, efficacy, and

safety of radioembolization with yttrium-90 (Y90) for un-

resectable standard-chemorefractory intrahepatic cholan-

giocarcinoma (ICC).

Methods Patients with unresectable standard-chemore-

fractory ICC treated with Y90 were studied. Survival was

calculated from the date of first Y90 procedure. Tumor

response was assessed with the Response Evaluation Cri-

teria in Solid Tumors criteria on follow-up computed

tomography or magnetic resonance imaging scans.

National Cancer Institute Common Terminology Criteria

(NCI CTCAE), version 3, were used for complications.

Statistical analysis was performed by the Kaplan–Meier

estimator by the log rank test.

Results Nineteen patients underwent a total of 24 resin-

based Y90 treatments. Median survival from the time of

diagnosis and first Y90 procedure was 752 ± 193 [95 %

confidence interval (CI) 374–1130] and 345 ± 128 (95 %

CI 95–595) days, respectively. Median survival with

Eastern Cooperative Oncology Group (ECOG) perfor-

mance status 1 (n = 15) and ECOG performance status 2

(n = 4) was 450 ± 190 (95 % CI 78–822) and 345 ± 227

(95 % CI 0–790) days, respectively (p = .214). Patients

with extrahepatic metastasis (n = 11) had a median sur-

vival of 404 ± 309 (95 % CI 0–1010) days versus

345 ± 117 (95 % CI 115–575) days for patients without

metastasis (n = 8) (p = .491). No mortality was reported

within 30 days from first Y90 radioembolization. One

patient developed grade 3 thrombocytopenia as assessed by

NCI CTCAE. Fatigue and transient abdominal pain were

observed in 4 (21 %) and 6 (32 %) patients, respectively.

Conclusion Y90 radioembolization is effective for unre-

sectable standard-chemorefractory ICC.

Keywords Intrahepatic cholangiocarcinoma �
Radioembolization � SIR-Spheres � Yttrium-90

Introduction

Intrahepatic cholangiocarcinoma (ICC) is a rapidly pro-

gressing malignancy of the intrahepatic bile duct epithe-

lium. It is the second most common primary liver cancer,

after hepatocellular carcinoma, accounting for 10 to 20 %

of primary liver tumors [1]. The age-adjusted incidence

rate has rapidly increased from 0.32 per 100,000 in

1975–1979 to 0.85 per 100,000 in 1995–1999 [2, 3]. Early

intervention by complete surgical resection or liver trans-

plantation represents the only curative therapy; however,

the majority of ICC patients present with advanced disease

or the tumor recurs after surgery [4].

Currently there is no recognized standard of care for

palliative treatment of advanced ICC. Numerous traditional

systemic chemotherapies have demonstrated little benefit

for advanced biliary tract carcinomas [5]. The first ran-

domized phase III clinical trial compared gemcitabine
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versus gemcitabine plus cisplatin for locally advanced or

metastatic biliary tract cancer. The study revealed median

overall survival of 11.7 months in the gemcitabine–cis-

platin group and 8.1 months in the gemcitabine group [6].

Locoregional therapies, such as transarterial chemoembo-

lization [7, 8] and radiofrequency ablation [9, 10], have led

to varying degrees of survival benefit. Relative radiosen-

sitivity of normal liver parenchyma has historically resul-

ted in limited use of external-beam radiation for liver

malignancies [11, 12]. Supportive treatment (e.g., pain

control, biliary drainage) is usually the last option, with a

median survival of 3.3 months from the time of diagnosis

[13]. The optimal palliative approach to patients with un-

resectable ICC remains unclear.

Yttrium-90 (Y90) as an effective palliative therapy for

primary hepatocellular carcinoma and metastatic colorectal

lesions is well reported [14]. However, to date, only three

small series have examined this modality for patients with

unresectable ICC. The median survivals reported in these

series for a subgroup of patients with prior systemic chemo-

therapy were 4.4, 9.9, and 11 months, respectively [15–17].

The objective of our study was to present data on survival

outcomes, clinical and biochemical toxicities, and tumor

response with Y90 radioembolization in patients with inop-

erable ICC refractory to standard systemic chemotherapy.

Materials and Methods

Patient Selection

This prospective cohort study was approved by the local

institutional review board and was Health Insurance Por-

tability and Accountability Act compliant. Consecutive

patients with unresectable ICC refractory to standard che-

motherapy who received care between December 2002 and

October 2010 at a single institution were identified. The

patients were referred for Y90 radioembolization therapy

by a medical oncologist, and/or their case was discussed at

multidisciplinary hepatobiliary tumor conferences. Patients

were eligible for inclusion if they met the following cri-

teria: histologically proven diagnosis of ICC that was

deemed unsuitable for resection or transplantation; pro-

gressive disease (PD) while receiving standard systemic

chemotherapy; Eastern Cooperation Oncology Group

(ECOG) performance status of 0, 1, or 2; adequate

hematology (granulocyte count C1.5 9 109/L, platelets

[50 9 109/L), renal function (creatinine level B2.0 mg/

dL), and hepatic function (bilirubin level B2.0 mg/dL); and

pulmonary shunt fraction of less than 20 % [18, 19]. Main

portal vein tumor thrombus was a contraindication for

therapy, but treatment of branch portal vein disease was

permitted. Patients who had received prior treatment for

ICC were not excluded. The algorithm for patient selection

is shown in Fig. 1.

Procedure Details

All patients underwent superior mesenteric and celiac

angiography to define the arterial supply of the liver,

tumor, and stomach. Potential hepaticoenteric arterial

communications were investigated (gastroduodenal, supr-

aduodenal, retroduodenal, right or accessory gastric, fal-

ciform, and accessory or inferior phrenic arteries) and

embolized with coils to prevent unintended radiation-

induced injuries [20]. A pulmonary shunt fraction of less

than 20 % was considered acceptable for treatment [21].

Therapy was administered as previously described [22].

Briefly, radioembolization was performed via a 3F micro-

catheter via a lobar approach with Y90 resin-based

microspheres (SIR-Spheres; Sirtex Medical, Sydney, Aus-

tralia). The Y90 dose was based on the extent of tumor

involvement in the liver, which was calculated by com-

puted tomography (CT) or magnetic resonance volumetric

imaging, adjusted by lung shunt fraction. The actual dose

was calculated by the body surface area method, decreased

by the degree of lung shunting, as recommended by a

consensus report, to avoid radiation-induced liver disease

[23]. Microsphere administration was performed in an

angiography suite with a standard angiographic technique

similar to that of chemoembolization. The end point of the

injection was either delivering the entire calculated and

supplied dose or reaching the vascular flow stasis. Once

vessel stasis was detected, no further injection of remaining

Y90 dose was performed.

Data Collection: Survival, Safety, Efficacy

All patients had an initial clinic visit, where a complete

history was taken and a physical examination performed,

and written informed consent was obtained. Patients were

followed up at 4 weeks, then every 12 weeks after treat-

ment. All clinical, biochemical, and imaging data were

obtained prospectively. Hospital and outpatient records for

each patient were inspected to confirm disease status,

treatment response, toxicity of therapy, and survival.

Patients were contacted with letters and follow-up tele-

phone calls until death, according to a scripted protocol

approved by institutional review board. The study was not

funded by any organization or institution.

Overall survival was the primary outcome of this study.

The Kaplan–Meier method was used to calculate median

survival, starting from the time of first treatment with Y90

until the date of last follow-up or death. The number of

days until day 0—the date of first treatment—was less than

28. Mortality data was collected from hospital medical
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records, from the Social Security Death Index interactive

search engine, and through telephone contacts. Secondary

outcomes were radiological tumor response and posttreat-

ment clinical and serological toxicities. Liver function

tests, complete blood count, coagulation profiles, and

albumin and total bilirubin levels were obtained on the first

day of Y90 treatment for all patients. To standardize

reporting, the National Cancer Institute Common Termi-

nology Criteria (NCI CTCAE), version 3, was used to

grade treatment complications. Grades 1, 2, 3, and 4 rep-

resented mild, moderate, severe, and life-threatening tox-

icity, respectively. Grade 5 represented toxicity resulting in

death. Treatment-related toxicity within 30 days of the first

Y90 radioembolization was recorded.

Patients were evaluated for treatment response with heli-

cal three-phase, thin-cut CT and magnetic resonance imaging

4 weeks after treatment and then every 12 weeks if stable.

Patients receiving incomplete treatment at the first setting

were retreated at 4 weeks and then assessed 12 weeks later.

Tumor response based on comparative evaluation of pre- and

post-treatment axial imaging was graded by the Response

Evaluation Criteria in Solid Tumors (RECIST). Briefly,

complete response was defined as disappearance of all target

lesions; partial response (PR) was defined as a minimum of

30 % decrease in the sum of the longest diameter of the target

lesions, taking as reference the baseline sum of longest

diameter; stable disease (SD) was defined as neither of suf-

ficient shrinkage to qualify for PR nor of sufficient increase to

Fig. 1 Algorithm for patient

selection and treatment protocol
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qualify for PD, taking as reference the smallest sum of lon-

gest diameter since the treatment started; PD was defined as

at least a 20 % increase in the sum of the longest diameter of

the target lesions, taking as reference the smallest sum of the

longest diameter recorded since the treatment started or the

appearance of new lesions. For patients with bilobar disease

who received unilobar therapy, response was assessed

according to the first side treated.

Statistical Analysis

Data from all patients who underwent Y90 treatment were

analyzed and outcomes were evaluated. Means of continuous

variables were tested by independent t-test; the chi-square

test was used to compare categorical variables. The Kaplan–

Meier method was used to calculate median survivals, per-

taining 95 % confidence intervals, and survival curves with

last date of follow-up or death used for censoring. Median

survivals of different categories of variables were compared

by the log rank test. A p-value of less than 0.05 was con-

sidered statistically significant. Statistical analysis was per-

formed with SPSS 16.0 software (SPSS, Chicago, IL).

Results

Patient Characteristics

Nineteen patients with a mean ± standard deviation age of

63 ± 15.1 years and histologically confirmed unresectable

standard-chemorefractory cholangiocarcinoma underwent

Y90 radioembolization therapy during the specified time per-

iod. The diagnosis was confirmed by ultrasound or CT-guided

fine-needle biopsy and by clinical and radiological findings.

Baseline clinicopathologic characteristics of patients are

summarized in Table 1.

The ECOG performance status was 0 in 1 patient (5 %),

1 in 14 patients (74 %) and 2 in 4 patients (21 %). All 19

patients had received prior systemic chemotherapy; 4

patients (21 %) received transcatheter arterial chemoemb-

olization (TACE) with drug-eluting beads. No additional

therapy such as partial hepatectomy, liver transplantation,

or other liver-directed treatments (radiofrequency ablation

or cryoablation) had been previously administered. The

mean ± standard deviation duration from diagnosis of ICC

to the first Y90 radioembolization was 9.9 ± 6.5 months.

Dosimetry

All Y90 radioembolization procedures were performed on

an outpatient basis. Treatment was not abandoned in any

patient, and no reduction was made in the calculated dose

as a result of extensive shunting of resin microspheres to

the lung. A total of 24 Y90 sessions were performed; 15

patients (79 %) received one treatment, 3 patients (16 %)

received two treatments, and 1 patient (5 %) received three

Table 1 Summary of baseline characteristics of 19 patients

Characteristic Valuea

Age (years)

Mean ± standard deviation 63.3 ± 15.1

B60 years 7 (37 %)

[60 years 12 (63 %)

Sex

Male 7 (37 %)

Female 12 (63 %)

Ethnicity

White 15 (79 %)

Black 4 (21 %)

ECOG performance status

0 1 (5 %)

1 14 (74 %)

2 4 (21 %)

Previous therapies for ICC

Systemic chemotherapy 19 (100 %)

TACE 4 (21 %)

Other 0

Extrahepatic metastasis

Yes 11 (58 %)

No 8 (42 %)

Tumor burden

Solitary 6 (32 %)

Multifocal 13 (68 %)

Tumor distribution

Unilobar 11 (58 %)

Bilobar 8 (42 %)

Tumor size

B5 cm 3 (16 %)

[5 cm 16 (84 %)

Laboratory data

Total bilirubin (mg/dL) 0.8 ± 0.4

BULN (B1.9) 14 (74 %)

[ULN ([1.9) 5 (26 %)

Alanine aminotransferase (U/L) 49.4 ± 57.1

BULN (B40) 13 (68 %)

[ULN ([40) 6 (32 %)

Aspartate aminotransferase (U/L) 54.5 ± 35.2

BULN (B40) 9 (47 %)

[ULN ([40) 10 (53 %)

ECOG Eastern Cooperative Oncology Group, ICC intrahepatic

cholangiocarcinoma, TACE transarterial chemoembolization, ULN
upper limit of normal
a Values are expressed as n (%) or mean ± standard deviation
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treatment sessions. The reason for multiple sessions was

incomplete tumor coverage from the first treatment session.

The mean activity of Y90 per treatment was 1.195 GBq.

Survival

The median follow-up for all patients after Y90 radio-

embolization was 15 months. At the time of last follow-up,

7 patients (37 %) remained alive and 12 patients (63 %)

had died. No patient was lost to follow-up. The median

survival from diagnosis and after first Y90 radioemboli-

zation was 25.1 and 11.5 months, respectively. The 1-year

survival rate after first Y90 therapy was 56 % (Fig. 2).

Figure 3 displays the Kaplan–Meier survival estimate for

the entire cohort of 19 patients. Table 2 summarizes the

median survivals of the dichotomized baseline

characteristics.

Radiologic Tumor Response

Tumor response was assessed according to RECIST crite-

ria. Follow-up contrast-enhanced CT and magnetic reso-

nance imaging scans were available for all patients. On

average, three postradioembolization scans were obtained

for each patient and analyzed by experienced radiologists.

Results of therapy are summarized in Table 3.

Overall, when the RECIST criteria at 3-month follow-up

was used, PR to treatment was observed in 2 patients

(11 %), SD in 13 patients (68 %), and PD in 4 patients

(21 %).

Clinical and Biochemical Toxicity

The categorized toxicity profile of patients is listed in

Table 4. There was no mortality within 30 days for patients

treated with Y90 radioembolization. NCI CTCAE were

used to document complications. Clinical toxicities inclu-

ded grade 1 abdominal pain in 6 patients (32 %) and grade

1 fatigue in 4 patients (21 %). All patients were observed

for 2–6 h and were discharged on the day of treatment. No

serious gastrointestinal complications, such as gastritis or

ulceration of gastric mucosa, due to the presence of

microspheres were observed.Fig. 2 Survival rates from diagnosis and first Y90 therapy

Fig. 3 Kaplan–Meier estimate

for overall survival in 19

patients after Y90

radioembolization for

unresectable standard-

chemorefractory ICC
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One patient (5 %) developed grade 3 and 2 patients

(11 %) developed grade 2 bilirubin toxicities. One patient

(5 %) developed grade 3 thrombocytopenia. Grade 2

aspartate aminotransferase (AST) toxicity was observed in 3

patients (16 %). The mean ± standard deviation worsening

from baseline levels of bilirubin, alanine aminotransfer-

ase, and AST were, respectively, 0.71 ± 0.22 mg/dL,

6.56 ± 1.77 U/L, and 14.25 ± 4.72 U/L. In 16 patients

(84 %), there was no change in posttreatment bilirubin from

baseline levels. Posttreatment AST levels remain unchanged

from baseline in 14 patients (74 %).

Discussion

ICC is a tumor arising from the second-order branches of

intrahepatic bile ducts or the more peripheral bile duct

branches [24]. Median survival for those presenting

with advanced cholangiocarcinoma is approximately

3–6 months, and overall 5-year survival is less than 5 % [25].

It is a rare yet invariably lethal tumor causing significant

morbidity and mortality as a result of its late presentation.

The only cure for ICC is surgical resection. Despite the

surgical improvements achieved over the last decade, the

5-year survival rates still range from 13 to 44 % [26, 27], and

many patients die of local tumor recurrence [28, 29]. How-

ever, most patients manifest unresectable disease because the

tumor is clinically latent in early stages, and surgery is not an

option.

Table 2 Results of univariate analysis of factors affecting overall

survival in 19 patients

Variable n % Median survival

(month)a
95 % CI p

ECOG performance status

0/1 15 79 15 2.6–27.4 0.214

2 4 21 11.5 0.0–26.4

Extrahepatic metastasis

Yes 11 58 13.5 0.0–33.7 0.491

No 8 42 11.5 3.8–19.2

Tumor burden

Solitary 6 32 11.5 0.0–23.6 0.998

Multifocal 13 68 13.5 2.5–24.4

Tumor size

B5 cm 3 16 4.9 NA 0.742

[5 cm 16 84 13.5 3.6–23.4

Tumor distribution

Unilobar 11 58 11.5 4.3–18.6 0.855

Bilobar 8 42 15 0.8–29.2

RECIST response

Partial response/

stable disease

15 79 11.5 4.0–19.0 0.72

Progressive disease 4 21 2.8 0.0–15.8

Prior TACE

Yes 4 21 22.1 5.1–39.1 0.047

No 15 79 11.5 0.0–26.8

Bilirubin (from baseline)

No change/

improvement

16 84 13.5 5.2–21.8 0.304

Worsening 3 16 3.2 NA

AST (from baseline)

No change/

improvement

16 84 11.5 3.1–19.9 0.100

Worsening 3 16 15 NA

CI confidence interval, ECOG Eastern Cooperative Oncology Group,

RECIST Response Evaluation Criteria in Solid Tumors, TACE
transcatheter arterial chemoembolization, AST aspartate aminotrans-

ferase, NA not available as a result of small sample size
a Median survival was calculated from the date of first yttrium-90

radioembolization

Table 3 Outcomes of yttrium-90 radioembolization in 19 patients

Variable Value

No. of treatments, mean ± standard deviation 1.3 ± 0.6

Tumor response at 3 months, n (%)

CR 0 (0 %)

PR 2 (11 %)

SD 13 (68 %)

PD 4 (21 %)

Overall survival (months), median (95 % CI)

From first Y90 therapy 11.5 (3.2–19.8)

From diagnosis 25.1 (12.5–37.7)

Median time to tumor progression (month) 4.8

CR complete response, PR partial response, SD stable disease, PD
progressive disease, CI confidence interval, Y90 yttrium-90

Table 4 Toxicity of yttrium-90 radioembolization

Variable n (%)

Any complications 17 (89)

Major complications (grade 3–5) 2 (11)

Adverse eventsa

Grade 1 10 (53)

Grade 2 5 (26)

Grade 3 2 (11)

30-days mortality 0

Specific complications

Gastrointestinal 6 (32)

Hematologic 1 (5)

Hepatic dysfunction 6 (32)

Other 4 (21)

a Adverse events were determined with National Cancer Institute

Common Terminology Criteria for Adverse Events (NCI CTCAE),

version 3
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In our study, encouraging overall median survival

(11.5 months) was observed compared to similar sub-

groups in recent studies [15–17]. Contrary to other studies,

significantly improved survivals were not observed for

subgroups with extrahepatic metastasis or large and mul-

tifocal tumors. Future studies should be done with control

groups and a large sample size to validate the results. We

think that the safety profile was acceptable, with no patient

mortality within 30 days of treatment.

Several palliative therapies have been attempted for

advanced unresectable ICC. Several chemotherapeutic

regimens that used gemcitabine alone or in combination

with other agents for biliary tract cancers have resulted in

limited responses and survival benefits for unresectable

ICC [5]. Valle et al. recently published the first randomized

phase III clinical trial that compared gemcitabine plus

cisplatin versus gemcitabine alone in patients with locally

advanced or metastatic hepatobiliary cancers and found

median survivals of 11.7 and 8.1 months, respectively [6].

Limited data are available on the use of external-beam

radiotherapy for advanced ICC and liver exposure to high-

dose radiation results in significant morbidity [30].

Reported median survival ranges between 10 and

12 months, with no survival benefit in patients with post-

operative radiotherapy [11, 12].

Radiofrequency ablation represents another cytoreduc-

tive therapy for small-size tumors [10]. The limited liter-

ature published on this subject failed to find any significant

outcome benefit of radiofrequency ablation for ICC [9].

Within the past few years, minimally invasive liver-direc-

ted therapies such as TACE have been investigated in

patients with ICC [7, 8, 13]. Although these studies have

demonstrated that TACE may be effective in some patients

with inoperable ICC, the use of different chemoemboliza-

tion agents, highly selected patients, and different methods

to report survival outcomes limit the ability to interpret

results and to make direct comparison between series.

Radioembolization is not a new concept; experimentation

with regional infusion of radioisotopes for unresectable liver

cancer dates back to the 1970s [31]. A better understanding

of the principles of shunt fraction and administration have

made this form of therapy more accessible. Encouraging

data exist for the use of Y90 in the treatment of ICC, but

results are varied and limited. In a prospective study by

Ibrahim et al., 29 % of patients were referred for radio-

embolization after failure of first- and second-line systemic

chemotherapies [15]. The median survival in this subgroup

of patients was reported to be 4.4 months. Subsequently,

larger series supporting this early study were published.

Saxena et al. reported a median survival of 9.9 months in

their subgroup of patients with previous systemic chemo-

therapy, compared with 4.6 months in patients without prior

chemotherapy [16]. Recently, Hoffmann et al. reported their

experience with Y90 in a retrospective analysis of 33

patients with unresectable ICC [17]. They documented a

longer survival in chemotherapy-naive group (14.2 months)

than in the group of patients with previous systemic che-

motherapy (11 months). In our study, the better survival

outcome of 11.5 months in patients with previous chemo-

therapy is encouraging, but because of the lack of a control

group, it does not indicate that Y90 treatment has truly

affected the natural history of the disease. The prolonged

overall survivals reported by Hoffmann et al. could poten-

tially be due to lead-time bias. The mean period from the

date of diagnosis until first radioembolization in their study

was 21.2 months, compared to 9.6 months in our study.

Patients who are diagnosed sooner seem to live longer.

Lead-time bias can be corrected by measuring back-end

survival.

All patients in our cohort had undergone previous sys-

temic chemotherapy with gemcitabine and were referred

for radioembolization because they experienced tumor

progression while receiving chemotherapy. From the

standpoint of their baseline characteristics, 63 % patients

were more than 60 years old, only 5 % patients had an

ECOG performance status of 0, and 84 % of patients had a

tumor size of [5 cm. Hence, patients were treated at later

stages of their advanced disease, and Y90 was offered as a

palliative or salvage therapy.

The current study identified one factor that may be

associated with significantly improved survival. Patients

who received previous treatment with TACE had a better

prognosis than the patients who did not receive this therapy

(p = 0.047). All the patients who received TACE had an

ECOG performance status of 1; it is likely that the results

simply reflect a better survival in patients with less severe

cancer-related symptoms. Patients with an ECOG perfor-

mance status of 0 and 1 had a relatively better prognosis

than patients with an impaired performance status of

ECOG 2, but it was not statistically significant. Only 1

patient (5 %) had a pretreatment performance status of

ECOG 0, while the rest of the patients presented with

advanced disease (95 %). According to RECIST response

criteria, patients with a PR and SD (79 %) to Y90 therapy

had a substantially longer median survival of 11.5 months

compared to 2.8 months with PD (21 %), but results did

not correlate significantly. Our study did not reveal poor

prognosis, as would be expected, in patients with extra-

hepatic metastasis (13.5 months) compared with patients

without metastasis (11.5 months) (p = 0.491). Similarly,

worse survivals were not observed in patients with multi-

focal tumor burden versus focal tumors (13.5 months vs.

11.5 months); tumor size of[5 cm versus tumor of B5 cm

(13.5 months vs. 4.9 months); and bilobar (15 months)

tumor distribution compared with unilobar (11.5 months)

tumor distribution.
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The above observations may not necessarily corelate

with similar studies. One explanation is the small sample

size due to the relative rarity of ICC patients who undergo

Y90 after their disease becomes refractory to chemother-

apy. Moreover, complete illustration of survival benefits

from any liver-directed therapy also depends on parameters

such as failure of systemic chemotherapy, and all patients

in our cohort had chemorefractory disease. Nonetheless,

the findings need to be further evaluated in large studies;

these observations might be proven otherwise. In observing

toxicity profiles of Y90 according to the NCI CTCAE, we

noted two grade 3 biochemical toxicities (bilirubin toxicity,

thrombocytopenia) on posttreatment serology. No patient

died within 30 days of treatment. The most common

clinical symptoms were grade 1 abdominal pain (32 %)

and fatigue (21 %). No other treatment-related severe

adverse events were observed.

Y90 radioembolization, unlike radiofrequency ablation,

is effective for large-size tumors ([5 cm), as indicated by

the results of our study. Moreover, compared to TACE,

radioembolization is well tolerated with less overall tox-

icity, resulting in a shorter hospital stay [21]. We

acknowledge the limitations of our small study size and the

nonrandomized design, which did not allow us to identify

all the prognostic factors. Our study was of a group of

patients with a poor prognosis, which may have had some

effect on the results. Newly reported data of the random-

ized study on gemcitabine–cisplatin chemotherapy [6] will

be a guide for future studies on Y90 for unresectable ICC.

Our study evaluated the safety and efficacy of Y90 for

the palliative treatment of unresectable ICC. The encour-

aging survival outcomes should be evaluated in future

studies to demonstrate that the natural history of the disease

is truly affected by the treatment.
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