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Abstract

Introduction: This investigator-initiated clinical trial aims to
study the efficacy and safety of administering selective inter-
nal radiation therapy with resin yttrium-90 microspheres
(SIRT) followed by standard chemotherapy in unresectable
intrahepatic cholangiocarcinoma (ICC). Methods: A phase 2

single-arm multicenter study was conducted in patients
with unresectable ICC (NCT02167711). SIRT was adminis-
tered at dose of 120 Gy targeted at tumor followed by com-
mencement of gemcitabine 1,000 mg/m? and cisplatin 25
mg/m? on days one and eight of a 21-day cycle. The primary
endpoint was overall survival (OS), and the secondary end-
points include progression-free survival (PFS), response rate
according to Response Evaluation Criteria in solid tumors
1.1, toxicity, and time from SIRT to commencement of che-
motherapy. Results: Total 31 patients were screened and
twenty-four were recruited. All patients completed SIRT and
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16 of them underwent subsequent chemotherapy. The me-
dian cycle of chemotherapy was 5 (range: 1-8). The median
0OS was 13.6 months (95% Cl: 5.4-21.6) for the intent-to-treat
population. Among 16 patients undergoing chemotherapy,
the median OS was 21.6 months (95% Cl: 7.3-25.2) and the
median PFS was 9 months (95% Cl: 3.2-13.1). The response
rate was 25% (95% Cl: 3.8-46.2%), and the disease control
rate was 75% (95% Cl: 53.8-96.2%). No new safety signal was
observed, with fewer than 10% of patients suffering from
grade 3 or higher treatment-related adverse events. The me-
dian time from SIRT to chemotherapy was 29 (range: 7-42)
days. Eight patients could not receive chemotherapy due to
rapid progressive disease (n = 4), underlying treatment un-
related comorbidities (n = 2), and withdrawal of consent due
to personal reasons (n = 2). Conclusions: Treatment of SIRT
followed by standard gemcitabine and cisplatin chemother-
apy is feasible and effective for unresectable ICC. Further
studies are required to study the optimal sequence of SIRT

and chemotherapy. ©2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Biliary tract cancer accounts for 3% of all gastrointes-
tinal malignancies [1]. The annual incidence of cholan-
giocarcinoma in western countries is approximately 2 per
100,000 individuals, and the incidence ranges widely
from 3.9 to over 100 per 100,000 in Asian countries. The
incidence of intrahepatic cholangiocarcinoma (ICC) is
rising globally, while the incidence of its extrahepatic
counterpart is reducing worldwide [2, 3]. For inoperable
ICC, a chemotherapy regimen of gemcitabine plus cispla-
tin (Gem-Cis) is the standard treatment as shown by the
phase 3 clinical trial, which demonstrated that Gem-Cis
is associated with better overall survival (OS) than gem-
citabine alone in patients with advanced biliary tract can-
cer [4].

Locoregional treatment such as transarterial chemo-
embolization (TACE) or selective internal radiation ther-
apy with yttrium-90 (SIRT) has been investigated for lo-
cally advanced ICC [5]. A retrospective study reported an
improvement of OS from 5.7 months to 11.7 months
among patients with ICC treated with drug eluting-based
TACE using beads containing irinotecan than conven-
tional TACE with mitomycin C [6]. For SIRT, a retro-
spective study reported a median OS of 22 months in ICC
[7]. Several other early phase clinical trials demonstrated
radiological response rates (RRs) ranging from 11% to
36% with the use of SIRT for unresectable ICC [8, 9].
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Therefore, SIRT is considered by clinicians to be one of
the treatment options for inoperable ICC with main dis-
ease burden confined to the liver [10].

To enhance the treatment efficacy for ICC, SIRT could
theoretically be combined with the standard Gem-Cis
chemotherapy. There are two ways of combining SIRT
with chemotherapy: one approach is to administer SIRT
after or during the administration of systemic chemo-
therapy, which could maximize the synergism between
SIRT and systemic chemotherapy but may be associated
with higher rate of toxicity. Another approach is to ad-
minister SIRT prior to commencement of chemotherapy,
which could potentially enhance local control of ICC, es-
pecially for locally advanced disease, prior to systemic
control. The results of the former approach have recently
been shown in a phase Il MISPHEC trial in Europe which
reported a high RR of 39% (90% CI: 26-53%) at 3 months
and an acceptable safety profile without cirrhosis was
seen among forty-one western patients [11]. To study the
latter approach, an investigator-initiated clinical trial was
commenced by oncology centers in Hong Kong, Singa-
pore, and Thailand to study the efficacy and safety of ad-
ministration of SIRT followed by Gem-Cis in unresect-
able ICC. Results presented in this manuscript will pro-
videfurtherclinicalevidenceonthetreatmenteffectiveness
in our population.

Materials and Methods

Study Design

This is an open-label, single-arm, multicentered, and investiga-
tor-initiated phase 2 clinical trial NCT02167711) conducted from
October 2014 to December 2020. Four oncology centers from
Hong Kong (the Prince of Wales Hospital, The Chinese Univer-
sity of Hong Kong), Singapore (the National Cancer Centre Singa-
pore and the National University of Singapore), and Thailand (the
Chulabhorn Hospital, Bangkok) participated in this study. This
clinical trial was approved by the respective ethics committees of
all participating institutes and was conducted in accordance with
the International Conference on Harmonization-Good Clinical
Practice and the Declaration of Helsinki.

Patients

All study participants provided written informed consent be-
fore enrollment to the study. Key inclusion criteria were patients
aged 18 years or older; histologically or cytologically confirmed
ICC; disease not amenable to surgery; predominant disease load in
the liver; naive to locoregional or systemic treatment; Eastern Co-
operative Oncology Group Performance Status 0 or 1; presence of
at least one measurable disease lesion according to Response Eval-
uation Criteria in Solid Tumors (RECIST) v1.1; adequate hemato-
logical, renal, and hepatic functions (platelet count >100 x 10%/L,
absolute neutrophil count >1.5 x 10%/L, bilirubin <30 pmol/L, al-
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bumin >30 g/L, alanine transaminase <3 x institutional upper lim-
it of normal [ULN], international normalized ratio <1.5, serum
creatinine <1.5 x ULN). Key exclusion criteria included the pres-
ence of extrahepatic disease other than lymph node disease; biliary
obstruction with no possibility of drainage; prior treatment of che-
motherapy for the cholangiocarcinoma; prior radiation therapy to
the upper abdomen; complete thrombosis of the main portal vein;
and tumor volume of more than 50% of the total liver volume.

Study Treatment

All patients scheduled to receive one course of SIRT at a dose
of at least 120 Gy to the intrahepatic tumor, and the final dose of
yttrium-90 resin microspheres was calculated on the basis of parti-
tion model [12, 13]. In brief, prior to the administration of SIRT,
patients were required to demonstrate a lung shunting <15% and
a tumor-to-normal ratio higher than 2 as determined by gamma
camera imaging of technetium-99m macroaggregated albumin.
The procedures of SIRT were administered at a lobar level for uni-
lobar disease or at whole-liver level for bilobar disease. Radiation
dose ranged from 1.9 to 4.4 GBq to achieve a tumor-absorbed dose
of 120 Gy or more. In cases with bilobar disease or centrally lo-
cated tumors, SIRT was delivered in one treatment session through
either catheterization of the proper hepatic artery with emboliza-
tion of the right gastric artery or sequential catheterization of the
right and left hepatic artery. Patients were assessed for any acute
toxicity related to SIRT 4 weeks after the SIRT treatment. Patients
with grade 1 or less treatment-related toxicities and adequate he-
matological, renal, and hepatic functions were scheduled to com-
mence Gem-Cis chemotherapy. After recruitment of 10 patients,
the protocol was amended to allow the assessment and commence-
ment of chemotherapy as early as 1 week after SIRT because of
absence of alarming safety concerns. A maximum of eight cycles
of chemotherapy with cisplatin at a dosage of 25 mg/m? on days
one and eight, followed by the 3-weekly administration of gem-
citabine at 1,000 mg/m? on day one and eight [4].

Assessment

The primary endpoint was OS which was defined as the time from
commencement of study treatment to the date of death from any
cause. The secondary endpoints were progression-free survival
(PES), RR, disease control rate (DCR), toxicity, and the duration
from SIRT to the commencement of chemotherapy. PES was defined
as the time from start of study treatment to the first documentation
of objective tumor progression or to death from any cause. RR was
defined as the proportion of patients with confirmed complete re-
sponse or confirmed partial response according to RECIST v1.1, rel-
ative to the total evaluable patient population. DCR was defined as
the proportion of patients with confirmed complete response, partial
response, or stable disease for at least 12 weeks of study according to
the RECIST. Computed tomography scan was performed every 6
weeks until documentation of progressive disease (PD) according to
RECIST v1.1. Patients who developed PD were managed according
to institutional treatment practice for second-line chemotherapy or
best supportive care. For patients who have stopped chemotherapy
for any reasons other than withdrawal of consent, regular follow-up
visit was arranged to monitor any delayed toxicity till 9 months after
SIRT. Toxicity was graded according to the National Cancer Institute
Common Toxicity Criteria v4-0 Adverse Event Classification. To
study any delayed treatment-related toxicity, all adverse events were
documented till 9 months from the time of SIRT treatment.

SIRT and Chemotherapy for Intrahepatic
Cholangiocarcinoma

Statistical Analysis

Kaplan-Meier analysis was conducted to evaluate OS and PFS.
The RR and DCR were reported as rates along with the corre-
sponding 95% confidence interval (CI) using standard methods
based on the binomial distribution. The rate and severity of tox-
icities as well as demographic data were summarized by descriptive
statistics. The hazard ratio and corresponding 95% CI were com-
puted. The SAS® Software version 9.4 (SAS Institute, Cary, NC,
USA) were used for analyses. For sample size justification, based
on a previous prospective study, the median OS of advanced chol-
angiocarcinoma was approximately 10 months [4]. It was hypoth-
esized that the addition of SIRT to Gem-Cis could improve the
median OS to 14 months. To detect the survival difference of 4
months with one-sided alpha level of 5% and a power of 80%, a
recruitment of 24 patients was required for this clinical trial.

Results

Patients

Between October 2014 and April 2020, a total of 31
patients underwent screening for the study; 7 patients had
screening failure with reasons including technetium-99m
macroaggregated albumin scan showing ineligibility for
SIRT (2 patients had low tumor-liver ratio; 1 patient had
high lung shunting), rapid PD during screening (1 pa-
tient), acute stroke (1 patient), worsening liver function
during screening (2 patients). Finally, 24 with unresect-
able ICC were enrolled in the study. Among 24 patients
(intent-to-treat population), 15 (62.5%) patients were
male with a median age of 62 years (range: 35-79). Four
patients were hepatitis B surface antigen-positive, while
none of them tested positive for anti-hepatitis C virus.
Three-fourth of the patients had stage IVA/IVB disease
according to the AJCC TNM staging seventh edition [14].
The median diameter of the largest tumor was 7.4 cm
(range: 1.4-14.0 cm). The baseline characteristics of pa-
tients are listed in Table 1.

Efficacy

All patients were treated with SIRT according to the
protocol and sixteen (67%) received subsequent Gem-Cis
chemotherapy with a median of 5.0 cycles (range: 1-8).
The median time from completion of SIRT to the com-
mencement of Gem-Cis was 29 days (range: 7-42 days).
Eight patients were unable to receive subsequent chemo-
therapy due to disease progression resulting in worsening
performance status (n = 4, 16.5%), withdrawal of consent
(n=2,8%), and poor underlying medical conditions (n =
2, 8%; one due to the presence of liver abscess and one due
to inadequate renal function before commencement of
chemotherapy).
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Table 1. Baseline characteristics of patients (N =

24)

Characteristics

n (%) or median
(range)

Age, years
Median (range)
Sex (male:female), n (% of patients)
ECOG Performance Status, n (% of patients)

62 (35-79)
15(62.5):9 (37.5)

0 21(87.5)

1 3(12.5)
Tumor stage, n (% of patients)

T1 2(8.3)

T2 14 (29.2)

T3 5(20.8)

T4 1(4.2)

Unknown 2(8.3)
Node stage, n (% of patients)

NO 8(33.3)

N1 9(37.5)

Nx 7(29.2)
Metastasis stage, n (% of patients)

MO 15 (62.5)

M1 9(27.5)
Tumor stage (AJCC TNM 7th edition)

| 1(4.2)

Il 1(4.2)

11 4(16.6)

IVA 12 (50.0)

IVB 6(25.0)
Tumor diameter of largest tumor, cm, median

(range) 7.4 (1.4-14.0)
HBsAg-positive 4(16.7)
Anti-HCV-positive 0(0)
ALBI

Grade 1 17 (70.8)

Grade 2 7 (29.2)

Laboratory parameters, median (range)
Hemoglobin, g/dL

12.8(10.0-15.0)

White blood cells, x10°%/L 6.6 (4.3-17.2)
Neutrophils, x10°/L 4.4 (2.4-14.5)
Platelet, x10°/L 233 (108-395)
Bilirubin, umol/L 10 (0.4-29.4)
Albumin, g/L 40.5 (25-47)
Alkaline phosphatase, IU/L 152.5 (66-485)
Alanine aminotransferase, IU/L 25.5(8-139)
Location, n (% of patients)
Hong Kong 7 (28.2)
Singapore 6 (25.0)
Thailand 11 (45.8)

AJCC TNM, American Joint Committee on Cancer Tumor Node
Metastases; ALBI, Albumin-Bilirubin; ECOG, Eastern Cooperative
Oncology Group; HBsAg, hepatitis B surface antigen; HCV, hepatitis
Cvirus.
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In the intent-to-treat population (i.e., patients receiv-
ing at least one cycle of SIRT regardless of receiving che-
motherapy or not; n = 24), the overall RR was 16.7% (95%
CI: 1.8-31.6%) and the DCR was 58.3% (95% CI: 38.6-
78.1%). Among 16 patients who received at least one cycle
of Gem-Cis chemotherapy following SIRT, the overall RR
was 25% (95% CI: 3.8-46.2%) and the DCR was 75% (95%
CI: 53.8-96.2%). Respective waterfall plot is shown in
Figure 1. There was no downstaging of tumors to surgery
seen in the study population. After a median follow-up of
8.5 months (range: 1.1-30.0 months), 19 patients died
among which seventeen had disease progression. For the
intent-to-treat population (n = 24), the median PFS was
6.6 months (95% CI: 2.5-9.8 months) (shown in Fig. 2)
and the median OS was 13.6 months (95% CI: 5.4-21.6
months) (shown in Fig. 3). For those who also received at
least one cycle of subsequent Gem-Cis chemotherapy, the
media PFS was 9.0 months (95% CI: 3.2-13.1 months)
(shown in online suppl. Fig. 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000525489) and
the median OS was 21.6 months (95% CI: 7.3-25.2
months) (shown in online suppl. Fig. 2).

Safety

The profile and rate of treatment-related toxicity are
listed in Table 2, and the respective toxicity and toxicity
related to SIRT or Gem-Cis chemotherapy are listed in
online supplementary Table 1. In summary, lower than
10% of the intent-to-treat population had treatment-re-
lated grade 3-4 toxicities. During the treatment phase of
SIRT, grade 3-4 toxicities included gastrointestinal disor-
ders such as abdominal pain (n = 1, 4%), vomiting (n =1,
4%), ascites (n = 1,4%), and abnormal blood tests such as
elevated AST (n = 1, 4%), increased blood bilirubin (n =
1, 4%), and hypercalcemia (n = 1, 4%). During the phase
of subsequent Gem-Cis chemotherapy, common grade
3-4 toxicities were mainly marrow suppression: neutro-
penia (n = 4, 17%), anemia (n = 2, 8%), and thrombocy-
topenia (n = 2, 8%). Other grade 3-4 toxicities were hy-
ponatremia (n = 2, 8%), abdominal pain (n = 2, 8%), and
vomiting (1 = 2, 8%), respectively. The median time from
SIRT to commencement of Gem-Cis chemotherapy was
29 days (range: 7-42 days).

Discussion/Conclusion
This is the first clinical trial studying the serial combi-

nation of SIRT followed by standard Gem-Cis chemo-
therapy in the ICC population. The current clinical trial
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intent-to-treat population (n = 24).

reports a median OS of 13.6 months in the intent-to-treat
population, which is close to 14 months as hypothesized
in the predefined statistical assumption. Additionally,
more remarkable benefits are observed among the 16 pa-
tients who could proceed to Gem-Cis chemotherapy with
a median OS of over 21 months and median PFS of 9
months. Distinct from other biliary tract cancers, ICC is

SIRT and Chemotherapy for Intrahepatic
Cholangiocarcinoma

amenable to liver-directed locoregional treatment. The
current study suggests that a serial addition of locore-
gional therapy, in the form of SIRT, could potentially of-
fer synergistic benefits with systemic treatment in pa-
tients with unresectable ICC with main disease burden in
the liver.
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Regarding treatment-related toxicity, no new safety
signals are observed in the study population. In this study,
grade 3 and 4 SIRT-related adverse events occurred in
fewer than 10% of patients. Two reasons may contribute
to the low toxicity rate seen with SIRT in this clinical tri-
al. First, during the planning of SIRT, it is possible that we
mandated lung shunting at a lower cut-off of 15%, instead
of 20%, which may prevent radiation-induced lung inju-
ry. Second, all four participating centers of this clinical
trial have extensive experiences in the administration of
SIRT to hepatocellular carcinoma. For chemotherapy
toxicity, our figures were generally lower than that re-
ported in the UKABC-02 study largely because we fo-
cused on treatment-related toxicity. Also, patients expe-
riencing toxicity after SIRT were prohibited from receiv-
ing chemotherapy until severity of adverse event was
reduced to grade 1 or resolved completely. The initial de-
sign of the study required a 4-week window period after
SIRT due to concerns about recall phenomena related to
gemcitabine immediately after radiotherapy. However,
after the first 10 patients were recruited, it was found that
no recall-related toxicity was observed in patients under-
going chemotherapy. The protocol was therefore amend-
ed from a 4-week window to a minimal 1-week window
period for commencement of chemotherapy after SIRT.
Finally, in our study, the median time between SIRT and
chemotherapy was 29 days.

We observed that 8 patients were unable to proceed to
chemotherapy after SIRT due to PD in 4 patients. Among
those 4 patients, three had progression of intrahepatic tu-
mor and one had development of extrahepatic disease. In
those 4 patients, PD was associated with rapidly deterio-
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rating performance status, suggestive an aggressive biol-
ogy of ICC in some patients with biliary tract cancer. An-
other possible reason is due to delayed administration of
chemotherapy in this group of advanced disease. To pre-
vent early progression, future studies should evaluate
whether an upfront administration of chemotherapy pri-
or to SIRT could prevent early aggressive progression.
Another 2 patients developed medical condition, namely
liver abscess and impaired renal function, which preclud-
ed them from receiving chemotherapy. Detailed review of
medical records revealed that both patients had comor-
bidities, including recurrent pyogenic cholangitis and di-
abetes-related renal impairment, respectively, prior to the
recruitment to the clinical trial. Those comorbidities had
fluctuating disease courses; hence, they did not fulfill ex-
clusion criteria at the time of enrollment. Finally, another
2 patients withdrew from the study due to personal rea-
sons which were not related to treatment procedures.
Above patterns of failure could provide references to fu-
ture design of clinical trials on the combination of SIRT
and chemotherapy.

During the conduct of the current study, another
phase I MISPHEC clinical trial has been published on the
combination of SIRT and chemotherapy for ICC [11]. In
this study, it was found that the radiologic RR was 41%
(17 out of 41 evaluable patients) according to RECIST,
and the median PES and OS were 14 and 22 months, re-
spectively. Further, twenty-two of them could have down-
staging of disease to surgery. In comparison, the efficacy
results observed in our study were less favorable. Multiple
reasons may explain these differences: first, our study
population was composed of more patients with ad-

Chan et al.



‘paisl| a4 (y—¢ sapelb) oty 10 (sapedb [1e) 9501 eyl Jaybiy Jo STy AJUO ‘SJUDAS H—¢ dpelh Jo d)el 03 Bulplodde JSPIO Ul Pa3SI| 2J9M STy SA0Qe dY] 4

0 0 0 0 0 0 € 88 ¥4 ejwa|exodAH SI9PIOSIP UOIILIINU pUB WSI|ogeIS|A
0 0 0 0 8 4 L 88 1z ejwaulwngeodAH SI9PIOSIP UOIILIINU PUB WSI|OgeID|A
0 0 0 0 0 0 9 S/ 8l JEVCE SUOIHPUOD 31S UOIIRIISIUIWPE PUB SISPIOSIP |eJaUD)
0 0 0 0 8 4 S WA /L anbie4 SUOIIIPUOD B}IS UOIIRIISIUIWPE PUB SIDPIOSIP |eIBUSD
0 0 ¥ L 0 0 0 0 96 4 Pa5ea.d3p |90 POoOo|q SUYM suofebnsanu|
14 L 0 0 0 0 0 0 92 €T elwad|edIadAH SI9PIOSIP UOIILIINU PUB WSI|OqeID|A
0 0 14 L 0 0 0 0 926 €T 420N dlIsen SI9PIOSIp |eulisajulollsen
0 0 14 L 0 0 14 L 6 [44 S9MDSY SI9pPJOSIp [eullsalulodlsen
14 L 0 0 0 0 1% L 6 44 paseasdul asereydsoyd suley|y suofebnsanu|
0 0 14 L 0 0 14 L 6 144 pasealdul 9sela)surIIOUlWE dulue|y suonebisanu|
0 0 14 L 0 0 €l € €8 0cC easneN SI9PJOSIp |eunsalulollsen
0 0 ¥ L 0 0 €l € €8 (114 J9Y10 — SI9PJOSIP |eul}1Sa1uloIISeD) SIDPJOSIpP |eUIISIIUI0IISED)
8 4 0 0 0 0 0 0 6 44 sisdag SUOI1RISDJUI PUB SUOIIDDHU|
¥ L 14 L 0 0 0 0 6 [44 paseaidur uiqniljiq poojg suonebisany|
14 L ¥ L 0 0 1% L 88 Lz ejwaJlieuodAy SIDPJOSIP UOIIIINU puR WSI|OgeIBN
0 0 8 4 % l 0 0 88 1z paseatdul aselajsuesioulwe depedsy suoleblisanu|
0 0 8 4 0 0 8 4 €8 (114 Burwop SI9PJIOSIp |eul}SIUI0IISeD)
0 0 8 4 14 L 4 L €8 0T LUy S19pI0sip waisAs dieydwA| pue poolg
0 0 8 4 €l € €l € /9 9l uled [eujwopqy SI9PJOSIP |eul}sSaIUIOIISeD)
0 0 8 4 14 L [*r4 9 €9 Sl pPaseaJd3ap Junod 13|91e|d suolebIsanu|
8 4 8 4 1z S 8 4 S €l paseatdap Junod [iydosinaN suoljebsanu|

% % 0°pern v Kioba1en)

£SIUDAS DSISAPE PIlR[2I-JUdWILAIL ||V *T dlqeL

457

Liver Cancer 2022;11:451-459
DOI: 10.1159/000525489

SIRT and Chemotherapy for Intrahepatic

Cholangiocarcinoma



vanced disease, including 75% of patients with evidence
of extrahepatic disease in either regional lymph nodes
(25% of the whole population) or distant lymph nodes
(50% of the whole population). In contrast, 58% of pa-
tients in the MISPHEC study belonged to locally ad-
vanced disease without extrahepatic disease (except hilar
lymph nodes) [11]. Second, the MISPHEC study adopted
a different treatment protocol with commencement of
Gem-Cis chemotherapy first, with SIRT performed dur-
ing cycle one of chemotherapy [11]. Additional SIRT may
be given from cycle three of chemotherapy in case of bi-
lobed liver involvement or anatomic variants of liver ar-
teries. In our current study, patients received less aggres-
sive treatment with only one cycle of SIRT. Third, the
oncologic and surgical practices may be different between
Eastern and Western centers. For example, experiences
on hepatocellular carcinoma suggested that Asian sur-
geons tend to adopt more aggressive surgical approaches
which may render patients with more advanced disease
to be treated with nonsurgical treatment [15]. Overall,
both studies consistently demonstrated the incorporation
of SIRT to standard Gem-Cis chemotherapy could im-
prove the outcomes of patients with advanced ICC.

There are few limitations in the current study. First,
only Asian patients were recruited; hence, the data may
not be generalizable to non-Asian populations. While
there are genomic differences between Eastern and West-
ern patients with ICC, it is unclear whether the treatment
outcomes differ significantly between the two popula-
tions [16]. Second, a lack of control arm in the current
study may limit the interpretation of survival outcomes
of the experimental arm. During the design of this study,
the primary objective was to generate early data to look
for signal of synergism of the combinational treatment. A
randomized study on the use of SIRT followed by Gem-
Cis chemotherapy compared to Gem-Cis chemotherapy
alone in patients with unresectable ICC (NCT02807181)
was previously initiated but was unfortunately terminat-
ed due to slow accrual. Third, recent data on recently re-
ported predictive biomarkers in cholangiocarcinoma
such as the fibroblast growth factor receptor 2 or isoci-
trate dehydrogenases were not available in the current
clinical trial [17]. As a result, there are no analyses on
those tissue biomarkers in relevance to SIRT-chemother-
apy combination.

In conclusion, the current phase 2 clinical trial shows
that the addition of SIRT to Gem-Cis chemotherapy is
potentially effective and safe in unresectable ICC. Further
studies are indicated to study the optimal timing of SIRT
administration to chemotherapy backbone.
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