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Abstract

Background Y90 transarterial radioembolization (Y90-
RE) may improve clinical outcomes of unresectable intra-
hepatic cholangiocarcinoma (ICC); however, the optimal
timing for Y90-RE is still debated. The purpose of this
multicenter study was to retrospectively evaluate clinical
outcomes of RE in patients with unresectable ICC, com-
paring three different settings: chemotherapy naive patients
(group A), patients with disease control after first-line
chemotherapy (group B) and patients with progression after
first-line chemotherapy (group C).

Materials and Methods The study included 81 consecutive
patients (49 male, mean age 62.4 £ 11.8 years): 35
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(43.2%) patients were in group A, 19 (23.5%) in group B,
and 27 (33.3%) in group C. Preprocedural clinical vari-
ables, tumour response according to RECIST 1.1 and
overall survival (OS) were analysed and compared.
Results Baseline demographic and clinical features did not
differ significantly among groups, with the exception of
prior surgical procedures that were significantly higher in
group C patients, and macrovascular invasion that was
more frequent in group B. Radiological response was
available in 79 patients; objective response and disease
control rates were 41.8% and 83.6%, respectively, without
significant differences among groups. Median OS was
14.5 months (95% CI: 11.1-16.9) and was not significantly
different among treatment groups. At multivariate analysis,
tumour burden > 50%, neutrophil-to-lymphocyte (N/L)
ratio > 3 and radiological progression as best response
resulted to be significant (P < 0.05) independent factors,
negatively associated with OS.

Conclusion Y90-RE is a valuable treatment option in
unresectable ICC, irrespectively from the timing of treat-
ment. Tumour extension, N/L ratio and radiological
response affect post-treatment survival.

Keywords Intrahepatic cholangiocarcinoma -
Therapeutic embolization - Yttrium-90 - Survival
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver cancer [1], with an average annual
incidence of about 2.1 per 100 000/year in Western
countries [2] that has apparently increased over the last
decades.

Surgery is the only potentially curative treatment option,
with reported median survival of 36-39 months [3, 4].
However, only 30-40% of ICCs are resectable at initial
diagnosis [2]. In unresectable ICC, prognosis remains poor,
and treatment options are still limited [5]. Systemic
chemotherapy, with gemcitabine and cisplatin, represents
the standard of care in unresectable ICC [2], with a median
overall survival (OS) of 11.7 months [6].

Loco-regional therapies represent a valid alternative to
systemic therapy in patients with no or limited extrahepatic
disease [2, 5]. Percutaneous ablation is indicated only in
limited tumour burden (single lesion < 3 cm in size) [2],
while intra-arterial therapies allow more extended treat-
ments, with low toxicity and good tumour control [7, 8].

Among the different transarterial treatment options,
yttrium-90 radioembolization (Y90-RE) has gained
increasing interest. It allows to selectively deliver high
radiation doses to the tumour, with low systemic and
hepatic toxicity. A recent systematic review reported
approximately 15 months median OS after Y90-RE that
favourably compares to systemic chemotherapy [9]. How-
ever, debate is ongoing regarding the most proper timing
for Y90-RE in primarily unresectable ICC.

The purpose of this retrospective multicentre study was
to analyse tumour response and survival of Y90-RE in
unresectable ICC, comparing three different clinical set-
tings: chemotherapy naive patients (group A), patients with
radiological disease control after first-line chemotherapy
(group B) and patients with radiological progression at
first-line chemotherapy (group C).

Materials and Methods

The study conforms to the ethical guidelines of the 1975
Declaration of Helsinki (6th revision, 2008) as reflected in
a priori approval by the institution’s human research
committee. Patients’ informed consent was waived.
Patients provided written informed consent to the
procedure.

The study included 81 consecutive patients (49 male;
mean age 62.4 + 11.8 years, range 38-83 years) with
unresectable, biopsy-proven ICC, who underwent Y90-RE
using resin spheres in three tertiary referral centres,
between July 2008 and October 2017.
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Treatment was decided after multidisciplinary tumour
board evaluation. Patients were considered eligible for
Y90-RE if they met the following criteria: (1) histologi-
cally proven ICC; (2) tumour considered unresectable by
the liver surgeon; (3) liver dominant or liver only disease;
(4) Eastern Cooperation Oncology Group (ECOG) perfor-
mance status of 0-1; (5) adequate liver function (Child—
Pugh class A-BS; bilirubin < 2.0 mg/dl; no clinically rel-
evant ascites); (6) platelet count > 50x10° 17! and (7) the
absence of contraindications to angiography.

The exclusion criteria included: (1) ECOG performance
status > 2; (2) extrahepatic uptake of 99mTc-labelled
macroaggregated albumin (MAA) identified at SPECT-CT,
due to arterial branches that could not be effectively
excluded by coil embolization; and (3) estimated lung
exposition to a radiation dose > 30 Gy in a single admin-
istration or 50 Gy cumulatively.

Patients were divided into three groups. Group A
included chemotherapy naive patients for whom Y90-RE
was performed as first-line treatment at first diagnosis or at
recurrence after surgery. Group B included patients sub-
mitted to Y90-RE as consolidation treatment after radio-
logical disease control following first-line chemotherapy.
Group C consisted of patients indicated to Y90-RE because
of tumour progression after first-line chemotherapy.

Treatment Protocol and Follow-up

Y90-RE was preceded by a simulation procedure consist-
ing of an angiographic study, to detect arterial feeders
supplying the lesions and any extrahepatic branches
requiring preventive embolization in order to avoid peri-
procedural complications related to irradiation of non-tar-
get organs.

After the catheter was placed in its final position,
99mTc-labelled MAA was injected intra-arterially and
SPECT-CT scan was performed to check the uptake of
target lesions, to exclude extrahepatic uptake or to calcu-
late hepato-pulmonary shunting.

The treatment was performed using resin particles
(SirSphere®; Sirtex Medical Europe GmbH, Bonn, Ger-
many) labelled with Y90. BSA (body surface area)-based
method was used for dosimetry, according to the manu-
facturer’s recommendations. In case of bilobar disease, the
treatment of each lobe was performed in different sessions,
at an interval of 4-6 weeks.

Patients were followed by triphasic computed tomog-
raphy (CT) and routine clinical and laboratory follow-up
every 3 months. Tumour response was assessed according
to Response Evaluation Criteria in Solid Tumours 1.1
(RECIST 1.1) [10]. At progression, patients were treated
according to disease presentation after multidisciplinary
tumour board discussion.
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Data Analysis

Demographic and clinical data were retrospectively col-
lected, including age, gender, presence and cause of cir-
rhosis, presence of ascites, ECOG performance status,
laboratory data (liver function tests, complete blood count,
coagulation profiles, albumin, total bilirubin, Ca 19.9),
previous treatments and tumour extension (unilobar or
bilobar, tumour number and maximum diameter, percent-
age of liver volume involved, presence of macrovascular
invasion and/or metastases).

Biochemical toxicities occurring at any time after
treatment were reported. The Common Terminology Cri-
teria for Adverse Events of the National Cancer Institute
were used to categorize toxicities [11].

Statistical Analysis

The primary outcome parameter of the study was OS. The
secondary outcome parameters were radiological tumour
response by RECIST 1.1 and time to progression after first
Y90-RE.

Data were analysed using descriptive statistics (mean
and standard deviation, SD) and compared with Chi-square
or Fisher’s exact test for categorical data and Student’s
t test for paired data.

Survival time was calculated as the time between first
Y90-RE and death or end of follow-up (28 February 2018).
Survival curves were obtained by Kaplan—Meier analysis
and compared using the log-rank test. For continuous
variables, cut-off values were identified by ROC curve
analysis. Factors significantly associated with OS at uni-
variate analysis were included in the multivariate analysis.
Statistical analysis was carried out with dedicated software
(SAS, Cary, NC USA) considering a P value < 0.05 as
statistically significant.

Results

Thirty-five (42.2%) patients were in group A, 19 (23.5%)
in group B and 27 (33.3%) in group C. Indications adopted
in each centre for Y90-RE were different; in particular,
Y90-RE as consolidation treatment (group B) was more
frequently considered in Hospitals 1 and 2 compared to
Hospital 3 (Table 1). Patients’ clinical characteristics are
presented in Table 1; 40 (49.4%) patients presented bilobar
disease, while macrovascular tumour invasion was present
in 34 (42%) patients (mainly represented by segmental or
lobar portal vein thrombosis) and it was more frequent in
group B patients. Extrahepatic metastases were identified
in 20 (24.7%) patients, mainly represented by abdominal

lymph nodes; in seven cases, a maximum of two lung
nodules were detected (maximum diameter 16 mm), while
in one patient the tumour infiltrated the right adrenal gland.
A significantly higher number of group C patients had
undergone surgery prior to Y90-RE and, as expected, had a
longer interval between ICC diagnosis and Y90-RE. All the
remaining baseline demographic and clinical features were
not significantly different. However, a higher percentage of
group A patients had liver cirrhosis (40%, versus 21% and
14.8% in group B and C, respectively), and group C
patients presented more frequently with multifocal disease
(51.9% versus 31.4% and 15.8% in group A and B,
respectively).

In 22 cases (27.2%), bilobar treatment in two different
sessions was required; the remaining cases were treated in
a single session. In two patients, treatment did not include
the entire tumour volume; in one of these cases a second
Y90-RE was performed six months later to complete the
treatment, while the other case could not be completed due
to rapid extrahepatic progression.

The median administered activity was 1.56 GBq (IQR,
1.1-1.85), and the median tumour absorbed dose was
109 Gy (IQR, 55-192), with 43 (53.7%) cases receiving at
least 100 Gy (Table 2). In three cases, the procedure was
prematurely interrupted because of arterial spasm associ-
ated with pain; all three cases occurred in earlier years,
when sterile water was used to inject the particles.

As per hospitals’ policies, patients were discharged
3648 h after the procedure. No major adverse events were
recorded. Post-embolization syndrome (low-grade fever,
abdominal pain, nausea and vomiting) was registered in 12
(14.8%) patients, lasting a maximum of seven days with no
sequelae for the patients.

Radiological Tumour Response

One patient died within two months for unrelated causes
(complications after a major trauma), and one patient was
lost to radiological follow-up. Thus, radiological tumour
response was available in 79 patients. According to
RECIST 1.1, the best responses were: complete response in
4 cases (5.1%), partial response in 29 cases (36.7%),
stable disease in 33 cases (41.8%) and progression in 13
cases (16.4%). Thus, the objective response and disease
control rates were 41.8% and 83.6%, respectively
(Table 2).

Median time to local and distant intrahepatic progres-
sions was 295 days (95%CI, 222-646) and 222 days
(95%CI, 170-368), respectively (Table 2). Extrahepatic
tumour progression was observed in 40 patients (49.4%) at
a median time of 368 days (95%CI, 222—-1123; Table 2).

Radiological responses and times to progression did not
differ significantly among treatment groups (Table 2).
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Table 1 Baseline clinical characteristics

Characteristics Overall Group A Group B Group C P
(n = 81) (n = 35) n=19 (n=27)
Patients enrolled per centre Hospital 1 22 (27.2) 6 (17.1) 8 (42.1) 8 (29.6) 0.04
Hospital 2 23 (28.4) 10 (28.6) 8 (42.1) 5 (18.5)
Hospital 3 36 (44.4) 19 (54.3) 3 (15.8) 14 (51.9)
Age (years) Mean + SD 624 + 11.8 653 + 11.5 57.6 £ 122 62.1 £ 11.3 0.07
Gender Male 49 (60.5) 19 (54.3) 12 (63.2) 18 (66.7) 0.59
ECOG 0/1 63/18 29/6 14/5 20/7 0.63
Liver cirrhosis Yes 22 (27.2) 14 (40) 4 (21) 4 (14.8) 0.06
Child—Pugh score 5/6 17/5 10/4 4/0 3/1 0.48
Days between ICC diagnosis and Mean £ SD 400 + 482 239 £ 504 294 + 103 683 £ 499 0.0005
Y90-RE
Previous surgery Yes 32 (39.5) 7 (20) 6 (31.6) 19 (70.4) 0.0002
Number of nodules 1 22 (27.2) 12 (34.3) 6 (31.6) 4 (14.8) 0.09
2-5 31 (38.3) 12 (34.3) 10 (52.6) 9 (33.3)
>5 28 (34.5) 11 (31.4) 3 (15.8) 14 (51.9)
Bilobar Yes 40 (49.4) 15 (42.9) 11 (57.9) 14 (51.9) 0.54
Diameter of largest lesion (mm) Mean £ SD 59.8 £+ 32.5 58.8 £ 314 69 + 37.2 54.8 + 33.3 0.34
Percentage of liver volume <25% 42 (51.9) 19 (54.3) 8 (42.1) 15 (55.6) 0.71
involvement 25-50% 35 (43.2) 15 (42.8) 9 (47.4) 11 (40.7)
>50% 4 (4.9 129 2 (10.5) 1 (3.7)
Macrovascular invasion Yes 34 (42) 15 (42.9) 13 (68.4) 6 (22.2) 0.006
Segmental PV 10 (12.3) 5(14.3) 3 (15.8) 2 (7.4)
Lobar PV 16 (19.7) 6 (17.1) 7 (36.8) 3 (11.1)
Main PV 4 (4.9) 2 (5.7) 1(5.2) 1(3.7)
Hepatic vein 11 (13.6)* 5(4.3) 5(26.3) 1(3.7)
Metastasis None 61 (75.3) 28 (80) 11 (57.9) 22 (81.5) 0.15
Lymph nodes 12 (14.8) 6 (17.1) 4 (21) 2 (74)
Lungs 4 (4.9 1(2.9) 2 (10.5) 1 (3.7)
Lungs and lymph 337 0 1(5.3) 2 (7.4)
nodes
Adrenals and lymph 1(1.2) 0 1(5.3) 0
nodes
Ascites Yes 11 (13.6) 6 (21.4) 3 (15.8) 2 (5.9 0.22
Neutrophil-to-lymphocyte ratio Mean + SD 6.1 + 164 83 £125 46 +33 42 +26 0.65
>3 33 (40.7) 12 (34.3) 10 (52.6) 11 (40.7) 0.52
Ca 19.9 (UN) Mean + SD 558 + 2266 970 £ 3506 334 + 426 230 £ 416 0.42
Median 70 99 229 332

When no otherwise specified, data are given as numbers (and percentages)

ICC intrahepatic cholangiocarcinoma; PV portal vein

* 77 patients showed both portal vein and hepatic vein tumour infiltration

Overall Survival

Mean follow-up from Y90-RE was 14.6 £ 12.6 months
(median 11.1 months; range 2-64.2).

On follow-up, three patients were downstaged to
resection (3.7%), while 12 patients underwent other loco-
regional therapies targeting in 11/12 cases the same volume

@ Springer

included in the first Y90-RE; loco-regional treatments
included Y90-RE (seven patients), transarterial
(chemo)embolization (four cases), radiofrequency ablation
(one case) and endobiliary brachitherapy (one case);
finally, 43 (53.1) patients were submitted to first- and/or
second-line chemotherapy. No significant differences were
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Table 2 Y90-RE details and post-treatment outcomes
Overall (n = 81) Group A (n = 35) Group B (n = 19) Group C (n = 27) P
Y90-RE details
Extension Segmental 9 (11.1) 4 (11.4) 1(5.3) 4 (14.8) 0.06
Multi-segmental 13 (16) 9 (25.7) 2 (10.5) 2 (74)
Lobar 37 (45.7) 15 (42.9) 6 (31.6) 16 (59.3)
Bilobar 22 (27.2) 7 (20) 10 (52.6) 5 (18.5)
Entire tumour load treated No 2(2.5) 0 1(5.3) 1 (3.7 0.31
Activity (GBq) Mean + SD 1.46 + 0.49 1.46 + 0.47 1.53 £ 0.55 1.41 + 0.47 0.68
TAD (Gy) Mean £+ SD 136.6 £+ 103.9 141.7 £ 94 144.1 £ 76 125 £ 131 0.78
Median (IQR) 109 (55-192) 124 (58.5-198) 155 (82-181) 67 (46-170)
> 100 Gy 43 (53.7) 19 (55.9) 13 (68.4) 11 (40.7) 0.17
Best tumour response (RECIST 1.1)
N.pts 79 33 19 27
CR 4 (5.1 2 (6.1) 2 (10.5) 0 (0) 0.63
PR 29 (36.7) 11 (33.3) 7 (36.8) 11 (40.7)
SD 33 (41.8) 16 (48.5) 7 (36.8) 10 (37.1)
PD 13 (16.5) 4 (12.1) 3 (15.9) 6 (22.2)
Time to progression (days)
Local intrahepatic Median (95%CI) 295 (222-646) NR (190-NR) 319 (99-NR) 292 (170-646) 0.78
Distant intrahepatic Median (95%CI) 222 (170-368) 394 (207-NR) 170 (87-438) 214 (97-368) 0.35
Extrahepatic Median (95%CI) 368 (222-1123) 1640 (261-1640) 438 (99-NR) 292 (170-684) 0.23
Treatments post Y90-RE
Chemotherapy 43 (53.1) 16 (45.7) 11 (57.9) 16 (59.3) 0.50
Resection 337 2 (5.7) 1(5.3) 0
Ablation 1(1.2) 1(2.9) 0 0
Brachitherapy 1(1.2) 1.9 0 0
TACE/TAE 4 (11.4) 4(11.4) 0 0
Y90-RE 7 (8.6) 129 3 (15.8) 3(11.1)
Overall survival
From Y90-RE Median (95%CI) 14.5 (11.1-16.9) 15 (7.7-17.1) 12.4 (6.9-17.3) 14.9 (11.1-24.6) 0.96

When no otherwise specified, data are given as numbers (and percentages)

TAD Tumour absorbed dose; NR not reached

observed in treatments after first Y90-RE comparing
groups A, B and C (Table 2).

Median OS from Y90-RE was 14.5 months (95% CI:
11.1-16.9), with no significant difference comparing
treatment groups (Table 2, Fig. 1). At univariate analysis,
median OS was significantly (P < 0.05) affected by the
tumour load, in terms of percentage of liver volume
involvement, the baseline values of Cal9.9, the neutrophil-
to-lymphocytes (N/L) ratio and the radiological tumour
response (Table 3). At multivariate analysis, percentage of
liver volume involvement, N/L ratio and radiological
response were confirmed to be independently associated
with OS (Table 3).

Discussion

Several series have described the results of Y90-RE in
patients with unresectable ICC, with median OS ranging
from 9 to 22 months (Table 4) [12-23]. However, in the
absence of prospective randomized studies, indications to
Y90-RE are still debated, and it is today difficult to
understand how to insert Y90-RE in the treatment algo-
rithm of unresectable ICC.

In this retrospective analysis, no differences in survival
and tumour response were observed comparing chemo-
naive patients to patients submitted to Y90-RE as consol-
idation or as salvage therapy, while other factors, such as
tumour extension and inflammatory status, showed a sig-
nificant correlation with post-treatment survival.

@ Springer
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Fig. 1 Overall survival (OS)
from Y90-RE according to
treatment groups. Median OS
(95%CI) was 15 months
(7.7-17.1) in group A,

12.4 months (6.9-17.3) in group
B, and 14.9 months (11.1-24.6)
in group C (P = 0.96); the
difference was not statistically
significant

Probability of survival

Group A

— = GroupC

0,0 T

0 10 20 30 40 50 60
Time to death since Y90-RE (months)
Pts atrisk 0 3months 6 months 9months 12months | 18months 24 months
Group A 35 33 26 19 15 8 5
GroupB 19 19 18 11 9 4 3
Group C 27 26 22 19 12 10 7

Y90-RE has been proposed as a valuable option in
treatment naive patients, with promising survival rates
[14, 15, 17]. As opposite, in our series median OS was
15 months in both chemo-naive and treatment naive
patients, with no differences compared to patients treated
in the consolidation or in the salvage setting. The results in
the first-line could improve combining systemic
chemotherapy to Y90-RE, as recently proposed by Edeline
et al. in a prospective phase II trial on 41 patients,
obtaining 22 months median OS [24]. Of interest, the study
reported a high rate (22%) of successful downstaging,
followed by resection and excellent post-surgical outcomes
[24]; the majority of downstaged patients were not cirrhotic
and had unifocal disease confined to a single hemiliver
[24], thus delineating a subgroup of potentially
resectable patients that could benefit from a more aggres-
sive first-line approach. In our series, 40% of group A
patients had liver cirrhosis, only one-third had single
lesions, and approximately 40% had bilobar disease and
macrovascular invasion, representing a more advanced
group of patients, unlikely to be ever able to undergo
resection. These differences may at least partly explain the
lower OS in group A patients compared to Edeline’s trial.

Y90-RE could be proposed as a consolidation treatment
in unresectable patients with either partial response or
stable disease after the first-line chemotherapy, to boost up
local response while allowing patients to recover from
systemic therapy. This approach was used in 19 patients in
our series, obtaining 84% disease control rate, although the
median OS was slightly lower (12 months) compared to
group A and C patients, most likely as a result of the more
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extensive disease, with higher rates of bilobar disease,
macrovascular invasion and metastases. Despite these
unfavourable characteristics, the approach proved to be
safe and the median OS in line with previous studies
[9, 23].

Finally, in the salvage setting, Y90-RE can be proposed
in chemo-refractory patients, with similar radiological
responses and post-treatment survivals as in group A and
B, provided that some selection criteria are carefully
evaluated, such as tumour extension, presence of
macrovascular invasion and/or distant metastases and
tumour markers; specifically, in our series percentage of
liver involvement and the inflammatory status reflected by
the N/L ratio resulted to be significantly associated with OS
at multivariate analysis.

Regarding the percentage of liver involvement, Mouli
et al. reported a very poor prognosis (median OS, 1 month)
in patients with tumour involving over 50% of the liver
volume [15]. Our results confirm this finding, despite the
longer OS (6 months); thus, tumour burden > 50% should
be considered an exclusion criterion for loco-regional
treatments, including Y90-RE.

Baseline N/L ratio has been extensively investigated as a
useful prognostic indicator in several cancer types,
including ICC [25-27]. Elevated N/L ratio is a reflection of
the patient’s inflammatory status and indicates that the
balance has been tipped in favour of pro-neoplastic
inflammatory responses and is therefore associated with
poor clinical outcomes. Our study confirms that a baseline-
elevated N/L ratio represents a poor prognostic indicator in
patients treated with Y90-RE, with a significantly lower
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Table 3 Survival analysis in the overall population
Univariate analysis Multivariate analysis

Variable Category Median OS (months) P (log-rank) HR (95%CTI) P
Sex Male 12.6 0.96

Female 17.1
ECOG 0 15.6 0.10

1 11.1
Liver cirrhosis No 14.5 0.91

Yes 12.4
Treatment naive Yes 15.0 0.86

No 14.5
Number of nodules 1 17.3 0.05

2-5 10.3

>5 14.9
Bilobar No 16.8 0.11

Yes 11.1
Percentage of liver volume involvement <25% 16.8 0.0025 1.00

25-50% 12.6 2.10 (0.94-5.14) 0.07

>50% 6.4 8.84 (1.65-39.7) 0.014
Macrovascular invasion No 14.9 0.49

Yes 12.4
Portal vein invasion No 15 0.43

Segmental 16.6

Lobar 10.7

Main 17
Hepatic vein invasion No 12.6 0.38

Yes 16.6
Metastasis No 12.4 0.26

Yes 16.6
Ascites No 14.5 0.69

Minimal 17.2

Yes 16.1
Neutrophil-to-lymphocyte ratio <3 17.1 0.012 1.00

>3 11.1 2.01 (1.02-4.14) 0.043
Cal9.9 > 70 U/ No 17.3 0.0039 1.00

Yes 9.7 1.93 (0.96-4.10) 0.065
Tumour absorbed dose < 100 Gy 16.9 0.05

> 100 Gy 11.1
Tumour response Disease control 16.6 0.0003 1.00

Progressive disease 8.0 3.74 (1.16-11.5) 0.03

median OS in patients with a baseline N/L ratio > 3 (11.1
vs. 17.1 months). Therefore, this biomarker could be used
as a widely available predictive factor, possibly indicating
the need for intensive combination therapies and close
monitoring in patients with an elevated baseline N/L ratio.

Tumour response to treatment is a key factor not only
for further treatment planning but also to define patients’

prognosis [14, 17, 18]; our results confirm that progressive
disease after treatment is a poor prognostic indicator. The
assessment of tumour response after Y90-RE is still a
matter of debate. Several modified criteria have been pro-
posed, such as Choi criteria [18] and modified RECIST and
EASL (European Association for the Study of the Liver)
criteria using the delayed-phase contrast enhancement to
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Table 4 Literature review

Reference  Year Design Pts n. Spheres > grade  Target RECIST Median survival ~ Predictors of survival
3 AE (%) response PR/SD/PD from RE
(%) (months)
Saxena A'> 2010 Retro 25 Resin 12 24/48/20 9.3 ECOG Infiltrative tumour
Rafi S'° 2012 Retro 19 Resin 10.5 11/68/21 11.5 Prior TACE
Hoffmann 2012 Retro 33 Resin 0 36.4/51.5/15.2 22 ECOG Tumour burden RECIST
RT!* response
Mouli S 2013 Retro 46 Glass 17.4 2517312 NR Lesions number Infiltrative tumour
Tumour burden
Edeline J'® 2015 Retro 24, Glass 4 25/63/13 Not reached Not applicable
naive
Mosconi 2016 Retro 23 Resin 43 20/55/25 17.9 Treatment naive mRECIST/EASL
cl
Beuzit L'® 2016 Retro 45, Glass  NR 13/71/16 19 Bilirubin Albumin Choi response
naive
Swinburne 2017 Retro 29 Resin, 0 11.5/61.5/27 9.1 Metastasis RECIST response
NC' glass
Reimer P?° 2018 Retro 21, Resin 0 4.8/42.9/52.4 15 Tumour burden
naive
Gangi A*' 2019 Retro 85 Glass 7 6.2/64.2/29.6 12 ECOG Tumour burden and
differentation Liver function
Tumour markers
White J** 2019 Prosp 61 Resin, 8 NR 8.7 NR
glass
Present Retro 81 Resin 0 37/42/16 14.5 Tumour burden N/L ratio RECIST
study response

Pts patients; n number; AE adverse events; RECIST Response Evaluation Criteria in
Solid Tumours; PR Partial Response; SD Stable Disease; PD Progressive Disease; ECOG Eastern
Cooperation Oncology Group; NR not reported; TACE Transarterial Chemoembolization; EASL European Association for the Study of the Liver;

N/L neutrophil-to-lymphocite

assess tumour vascularity [17, 28]. However, repro-
ducibility of these criteria is arguable, and extensive vali-
dation is missing. Therefore, RECIST 1.1 should still be
considered the standard of reference for assessing tumour
response. The systematic review by Al-Adra et al. reported
a weighted mean PR rate of 28% and SD rate of 54% [9], in
agreement with our findings.

Safety of Y90-RE has been confirmed by all studies,
with low peri-procedural morbidity and mortality and
0-17% grade > 3 adverse events (Table 3) [12-22]. No
major complications or deterioration of liver function were
observed in our series. However, appropriate patient
selection and accurate diagnostic work-up are the key to
avoid major complications. Also, adequate dosimetry is
essential to reduce liver toxicity and deliver sufficiently
high activity to the tumour. In recent years, the correlation
between dosimetry and clinical outcomes has been
demonstrated [29, 30], and efforts are made to produce
more accurate models for personalized dosimetry. In our
series, only in approximately 50% of patients the tumour

@ Springer

absorbed dose was > 100 Gy, reflecting the fact that the
series included patients treated over a wide period of time,
when knowledge on dosimetry was still limited. Despite
the lack of association between dosimetry and OS in our
series, it is clear that the results of Y90-RE in the future
could improve by implementing specific dosimetric
models.

The main limitations of our study are related to its ret-
rospective design; patients were enrolled through a long
period of time, with heterogeneous clinical histories; lim-
ited number of patients and pre-selection bias may explain
why some well-known prognostic factors did not result to
be associated with OS in the present series. Finally, the vast
majority of patients were submitted to different therapies
before and after Y90-RE; thus, isolating any survival effect
achieved by Y90-RE alone is not possible.

Considering the relatively low incidence of this disease,
its biological heterogeneity and even the heterogeneity in
the definition of unresectability, a randomized controlled
trial represents a challenge. An international trial has been
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initiated randomizing treatment naive, unresectable ICC
patients to standard chemotherapy alone or Y90-RE fol-
lowed by chemotherapy (SIRCCA trial; ClinicalTrials.gov
Identifier:NCT02807181); the trial was prematurely stop-
ped after 3 years, due to slow recruitment. Moreover, in
this complex scenario, the potential role of emerging
molecular-targeted therapies and immune checkpoint
inhibitors should not be neglected [31-34], and additional
efforts are needed to analyse the possible interactions
between these drugs and Y90-RE.

In conclusion, Y90-RE is a valuable treatment option in
unresectable ICC, irrespectively from the timing of treat-
ment. Inflammatory status, tumour extension and radio-
logical tumour response are significantly associated with
survival. In particular, N/L ratio is a widely available and
inexpensive biomarker that could be routinely used to guide
therapeutic decisions.
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