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Unresectable Intrahepatic Cholangiocarcinoma
Treated with Radiation Segmentectomy/Lobectomy

Using Yttrium 90-labeled Glass Microspheres
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Background: There is no curative treatment option for patients with unresectable intrahepatic, cholangiocarcinoma
(IHC). The aim of this study was to evaluate the efficacy of; radiation segmentectomy/lobectomy using Y90-labeled
glassmicrospheres in patients with; unresectable IHC.Methods:This IRB-approved, single-center study included, 16
patients (age: 67 ± 7.7 years) with IHC who received radiation segmentectomy or lobectomy, treatment using Y90-
labeled glassmicrospheres betweenMay 2009 andOctober 2019. Radiation, segmentectomy/lobectomywas defined
as at least 190 Gy dose delivered into treated liver; volume. Results: The median OS from IHC diagnosis was 22.7
months (95% CI: 13.9–66.1) and from, radioembolization it was 7 months (95% CI: 4.33–54.17). Patients who did
not receive, chemotherapy before the radioembolization had significantly longer median OS (26.8 vs. 5.9, months,
P = 0.03). Four patients had >20 months survival after radioembolization, including 2, patients with survival of 42
and 54months. Therewas no 30-daymortality and no severe, complications.Conclusion:Radiation segmentectomy/
lobectomy is safewithminimal side effects. Themedian,OSof the study group ismodest; however, 4 patients (25%)
showed excellent survival. These results suggest a need for a larger study to define the IHCpatient groupwho could,
most benefit from this procedure. ( J CLIN EXP HEPATOL 2022;12:1259–1263)
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Currently, there is no curative treatment option for
patients with unresectable intrahepatic cholangio-
carcinoma (IHC). The disease has a dismal prog-

nosis with less than 10% of all IHC patients surviving for
more than five years after the diagnosis regardless of the
treatment they receive, with palliative treatment offering
amedian overall survival of three months.1,2 Surgical resec-
tion represents the only potentially curative treatment.
However, many patients are not surgical candidates due
to the advanced stage of the disease at diagnosis or various
comorbidities or tumor locations.3 Additionally, an anal-
ysis of an international surgical database that included
563 patients demonstrated that 71% of patients had a
recurrence following curative intent surgical resection.4
s: liver, cholangiocarcinoma, radioembolization, radiation seg-
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Transarterial radiation segmentectomy and lobectomy
with yttrium 90 (Y90)-labeled microspheres is an emerging
new technology that could provide curative treatment for
patients with liver-only disease who are not surgical candi-
dates, as well as patients looking to avoid major liver sur-
gery with its potential complications and high recurrence
rate.5 Radiation segmentectomy is defined as selective de-
livery of 190 Gy or higher radiation dose to # 2 segments
of the liver, while radiation lobectomy involves the delivery
of 190 Gy or higher radiation dose to a hepatic lobe.6

Vouche at al. demonstrated complete pathologic necrosis
in hepatocellular carcinoma (HCC) treated with 190 Gy
or higher radiation dose during radioembolization.6

Currently, there is no literature on survival outcomes of
radiation segmentectomy or lobectomy in unresectable
IHC, but given the effectiveness of radiation segmentec-
tomy and lobectomy in treating HCC7,8 the aim of this
proof of concept retrospective cohort study was to investi-
gate the safety and outcome of radiation segmentectomy
and lobectomy in patients with IHC using Y90-labeled
glass microspheres.
MATERIALS AND METHODS

Patients
The Institutional Review Board authorized this study. A re-
view of our institution's radioembolization database
vier B.V. All rights reserved.
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Table 1 Demographic Characteristics of Patients.

n %

Age (years)

< 70 10 60.5

$ 70 6 37.5

Gender

Male 6 37.5

Female 10 62.5

ECOG

0 8 50.0

1 8 50.0

Tumor grade

Well differentiated 3 18.7

Moderately differentiated 8 50.0

Poorly differentiated 2 12.5

Not reported 3 18.7

Distribution

Unilobar 15 93.7

Bilobar 1 6.3

Number of tumors

Solitary 13 81.2

Multiple 3 18.8

Tumor morphology

Mass forming 6 37.5

Infiltrative 10 62.5

Tumor enhancement

Hypoenhancing 9 56.2

Hyperenhancing 7 43.8

Extrahepatic metastasis

No 6 37.5

Yes 10 62.5

Nodal metastasis 6 37.5

Distant metastasis 4 25
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identified 162 consecutive patients with biopsy proven IHC
who underwent radioembolization between May 2009 and
October 2019. Based on the report of Vouche et al., radia-
tion segmentectomy/lobectomy was defined as at least
190 Gy dose delivered into the treated liver volume.6 The
final study cohort consisted of 16 patients with IHC who
received radiation segmentectomy or lobectomy treatment
by delivering 190 Gy or higher dose to the treated liver vol-
ume. A retrospective review ofmedical records and imaging
studies of these 16 patients was performed. Criteria for
receiving radioembolization treatment included Eastern
Cooperative Oncology Group (ECOG) performance status
score #2, total serum bilirubin #2 mg/dl, serum creati-
nine #2 mg/dl, international normalized ratio
(INR) # 1.5, and platelet count $50,000/ml. Patients
were not excluded if they had received previous liver-
directed therapy or multiple lines of chemotherapy before
the radioembolization treatment.

Patient demographics are summarized in Table 1. The
study included six men and ten women median age of 66
years (range 48–80 years). Ten patients received radiation
segmentectomy and 6 patients received radiation lobec-
tomy. Four patients underwent two radiation segmen-
tectomy treatments. The median interval between the
diagnosis of IHC and radiation segmentectomy/lobec-
tomy treatment was 7.4 months (range, 2.0–24.4
months). At the time of the radioembolization treat-
ment, 10 patients had the extrahepatic disease, 10 pa-
tients received chemotherapy before the first
radioembolization treatment, and 5 patients had prior
liver-directed therapy (3 had a surgical resection, 1 had
external-beam radiation, and 1 had surgical resection
and external-beam radiation). Of the two patients who
underwent prior radiation therapy, one underwent in-
tensity modulated radiation therapy and the other un-
derwent stereotactic body radiation therapy. Four
patients received radiation segmentectomy/lobectomy
as first-line treatment. Nine patients received systemic
chemotherapy after the radiation segmentectomy/lobec-
tomy treatment.
Previous chemotherapy

None 6 37.5

Yes 10 62.5

Previous liver-directed therapy

None 11 68.7

Resection 3 18.8

Radiation 1 6.2

Radiation + Resection 1 6.2

ECOG: Eastern Cooperative Oncology Group.
Radioembolization Procedure
Planning angiogram was performed on all patients before
the radioembolization treatment as previously described.9

As part of the planning angiography, tumor-feeding ves-
sels and anatomic variants were identified, and techne-
tium-99-labeled macroaggregated albumin was injected
into the hepatic arteries to determine the degree of hepa-
topulmonary shunting. Radioembolization was per-
formed using Y-90 labeled glass microspheres
(TheraSphere; BTG International, London, England).
The delivered hepatic dose was determined based on the
treated liver volume, the administered activity, and the
lung shunt fraction using the medical internal radiation
1260 © 2022 Indian National Associa
dose equation (MIRD) model. The procedures were per-
formed by 5 interventional radiologists with 6–10 years
of experience in radioembolization.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 1 Overall survivals from the diagnosis of IHC. The Kaplan–
Meier method revealed that the median overall survival from IHC diag-
nosis was 22.7 months (95% CI: 13.9–66.1).
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Clinical Outcome Measures
Overall survival (OS) was calculated using the date of the
diagnosis, as well as the date of the first treatment to the
last encounter or death. Clinical and laboratory assess-
ments were conducted during a follow-up visit three
months after radioembolization treatment. Clinical and
biochemical toxicities were defined using both subjective
reporting by the patient and corresponding measures in
the Common Terminology Criteria for Adverse Events
scoring system (version 5.0). Response Evaluation Criteria
in Solid Tumors (RECIST) was employed to evaluate tu-
mor response three months after treatment.10

Statistical Analysis
The probabilities of OS were estimated using the Kaplan–
Meier method to report median OS and 95% confidence in-
tervals (95% CIs). Differences in OS estimates were
compared using log–rank tests with Bonferroni's correc-
tion. Univariate Cox proportional hazards regression ana-
lyses were conducted to investigate the predictors of OS.
The pre- and post-radioembolization MELD scores were
compared using the Wilcoxson signed rank test. Statistical
analyses were performed using MedCalc software (Med-
Calc Software Ltd, Ostend, Belgium) and the SPSS version
26 software (IBM Corporation, Armonk, New York).
Figure 2 Overall survivals from the radiation segmentectomy/lo-
bectomy. The Kaplan–Meier method revealed that the median overall
survival from radiation segmentectomy/lobectomy was 7 months (95%
CI: 4.33–54.17).
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RESULTS

Radiation Segmentectomy/Lobectomy
Treatment
Twelve patients received one radioembolization treatment
(6 were segmental, and 6 were lobar treatments) and 4 pa-
tients received two treatments to 2 different hepatic seg-
ments.

The average delivered dose was 309.27� 198.94 Gy (me-
dian delivered dose was 225.1 Gy). The average lung shunt
was 4.8 � 1.4% (median lung shunt was 4.6%).

Survival Outcomes
The median follow-up interval from the radiation segmen-
tectomy/lobectomy treatment was 7.5 months (range, 2.4–
54.2 months). When the analysis was conducted, 14 pa-
tients had died. The median OS from IHC diagnosis was
22.7 months (95% CI: 13.9–66.1) (Figure 1), and the me-
dian OS from radiation segmentectomy/lobectomy was 7
months (95% CI: 4.33–54.17) (Figure 2). The six patients
who did not undergo systemic chemotherapy before the ra-
dioembolization had significantly longer median OS than
patients who had pre-embolization systemic chemo-
therapy (26.8 vs. 5.9 months, P = 0.03). Four patients had
survival over 20 months (Table 2).

Patients who had an albumin toxicity grade of 0 had
significantly longermedianOS than patients with albumin
Journal of Clinical and Experimental Hepatology | September–October 2022
toxicity grades of 1 or 2 (20.4 vs. 4.9 vs. 3.2 months, P =
0.000). A bilirubin toxicity grade of 0 was associated with
a significantly better median OS than a bilirubin toxicity
grade of 2 or 4 (11 vs. 5.4 vs. 3.2 months; P = 0.000). Pa-
tients with an AST toxicity grade of 0 had a longer median
OS than patients with an AST toxicity grade of 1 (20.4 vs.
5.4 months; P = 0.001). An ALT toxicity grade of 0 was asso-
ciated with a significantly greater median OS than an ALT
toxicity grade of 1 (9.8 vs. 3.2 months; P < 0.001).

Clinical and Biochemical Toxicities
No instances of mortality were reported within the 30
days following radioembolization therapy. The reported
clinical toxicity after radiation segmentectomy/lobec-
tomy was overall mild, and instances of severe complica-
tions were not reported. Two patients did not report
| Vol. 12 | No. 5 | 1259–1263 1261



Table 2 Patients with Long Survival After TARE.

Patient # Age at Treatment Gender Dose (in Gy) Treatment Location Alive Median OS from
Diagnosis (in months)

Median OS from
TARE (in months)

2 49 M 305.9 Segment 4 Yes 44.13 41.9

6 66 M 202.3 Left Lobe No 25.27 20.37

8 77 F 350.5 Segment 4 No 29.27 26.80

10 71 F 198.4 Segment 7 No 66.13 54.17

TARE: Transarterial Radioembolization; OS: Overall Survival.
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side effects from the treatment. In those who did, side ef-
fects included fatigue (grades 1 and 2, n = 9), abdominal
pain (grades 1 and 2, n = 10), ascites (grade 2, n = 1),
and nausea (grade 1, n = 1). Thirty-three events of mild
(grades 1 and 2) biochemical toxicities were detected in
14 patients at 3-month follow-up after radiation segmen-
tectomy/lobectomy. The most common biochemical
toxicity was mildly elevated alkaline phosphatase (grade
1 and 2 toxicities), which 12 patients experienced. Grade
4 elevated bilirubin was detected in 1 patient at 3-
month follow-up. The MELD score was significantly
higher at the 3-month follow-up compared with the base-
line score before the radioembolization (6.79 � 1.61 vs.
8.64 � 3.77, P = 0.01).
DISCUSSION

Limited treatment options exist for patients diagnosed
with unresectable cholangiocarcinoma. The current first-
line chemotherapeutic regimen, gemcitabine with
cisplatin, resulted in a prolonged median OS of 11.7
months, compared to 8.1 months with gemcitabine
alone.11 Radioembolization appears to be more effective
with a reported median OS of 21.4 months from diagnosis
and 12.4 months from the first radioembolization treat-
ment.12

In HCC, radiation segmentectomy has been suggested
as a potentially curative treatment for patients with pre-
served liver function who cannot undergo liver resection.
Lewandowski et al. reported a median overall survival of
6.7 years for a cohort of 70 patients with HCC who under-
went radiation segmentectomy with Y90-labeled glass mi-
crospheres.8 Radiation lobectomy with Y90-labeled glass
microspheres has also yielded promising results in HCC,
with a high response rate, prolonged survival, and signifi-
cant contralateral lobar hypertrophy.7

In the present study, radiation segmentectomy and lo-
bectomy of IHC using Y90-labeled glass microspheres re-
sulted in a median OS of 22.7 months from the time of
diagnosis. This result compares favorably to treatment
with chemotherapy alone, with a reported OS of 11.7
months.11 However, themedianOS from the radiation seg-
1262 © 2022 Indian National Associa
mentectomy or lobectomy was only 7 months. This result
falls short of the 12.4 months median OS reported for ra-
dioembolization of IHC patients in a larger scale study.12

This may be due to the low number of patients included
in the current study.

The current study hypothesized that radiation segmen-
tectomy/lobectomy of IHC competes with surgical out-
comes, similar to the results with HCC where radiation
segmentectomy/lobectomy survival outcomes compared
favorably to surgical resection.7,8 Data from a recent
multi-center database demonstrated 38 months median
OS of IHC patients after surgical resection.13 The current
study shows that radiation segmentectomy /lobectomy is
inferior to surgical resection in patients with IHC based
on these findings. On the other hand, very promising re-
sults were observed in 4 patients who survived more than
20months after radioembolization, and 2 of them survived
over 3 and 4 years, respectively. One patient is still alive
without evidence of disease (Table 2). This may suggest
that radiation segmentectomy can be very effective in
certain IHC patients. The current study has a small num-
ber of patients, and it doesn't allow identifying all the
prognostic factors which determine survival after radiation
segmentectomy/lobectomy and would help with better pa-
tient selection.

In the present study, the radiation segmentectomy and
lobectomy treatments were well tolerated by the patients,
with only one grade 4 toxicity was observed. This 6.2% ma-
jor complication rate is much higher than the reported 0–
1.2% seen in studies including larger number of IHC pa-
tients12,14 and this may be due to the small number of pa-
tients in the current analysis. A few factors were identified
that were associated with improved survival. Patients who
did not undergo systemic chemotherapy before the radia-
tion segmentectomy or lobectomy had excellent survival
(26.8 months). This was statistically significant compared
to patients who did undergo pre-treatment systemic
chemotherapy (5.9 months). As was expected, patients
who did not develop post-treatment albumin, bilirubin,
AST, and ALT toxicity had significantly longer survival
than patients who developed biochemical toxicity after
the treatment.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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The study has several limitations. This is a retrospective,
single-institution study without a control group. Selection
bias also may have skewed the results, as the study was per-
formed in a tertiary cancer center, and criteria for radioem-
bolization treatment could vary between our institution
and others as based on decisions made by a multidisci-
plinary tumor board. Most patients received other treat-
ments prior to radioembolization, therefore, lead-time
bias may contribute to the overall survival measured
from the diagnosis. Additionally, post-radioembolization
chemotherapy may contribute to overall survival measured
from the radioembolization treatment. Lastly, the rela-
tively small number of patients did not allow identification
of all of the prognostic factors that may influence patient
outcomes.

In conclusion, radiation segmentectomy and lobectomy
are safe with minimal side effects. The median OS of the
study group was modest; however, four patients showed
excellent survival. These results suggest that radiation seg-
mentectomy and lobectomy are feasible in unresectable
IHC and demonstrate the need for a larger-scale study to
better define the IHC patient group who could most
benefit from these treatments.
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