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Background: The purpose of this study was to assess the safety and efficacy of Yttrium-90 radioembolization using in unresectable 
hepatocellular carcinoma.
Methods: From 2017 to 2021, 32 patients with unresectable hepatocellular carcinoma, with mean tumor diameter about 7cm 
(21 males, 11 females; median age, 57.5 years of age), treated with Yttrium-90 radioembolization using resin microspheres 
were reviewed at pre-Yttrium-90 and post-Yttrium-90 follow-up. Tumor response was assessed according to the modified 
Response Evaluation Criteria in Solid Tumors. Outcomes including overall survival and progression-free survival were 
reported.
Results: Median follow-up was 18 months. At follow-up examinations at 3-, 6-, and 12-months follow-up, the overall survival 
rates were 94%, 87% and 59%, and the progression-free survival rates were 78%, 64% and 60%, respectively. Complete 
response, partial response, stable disease, and progressive disease were noted in 7 (21.9%), 14 (43.7%), 4 (12.5%), and 7 
(21.9%) patients, respectively. The disease control rate was 78.1%, the objective response rate was 65.6%, and the successful 
downstage rate was 34.4% (11 of 32). Nine of thirty-two patients underwent resection or transplantation after Yttrium-90 
radioembolization with 2-year overall survival being 100%. No serious adverse events occurred after Yttrium-90 treatment. 
Worse overall survival was related to the larger tumor, higher stage, Eastern Cooperative Oncology Group performance status, 
and Child-Pugh score. And worse progression-free survival was related to the higher tumor burden, and pre-Yttrium-90 serum 
α-fetoprotein level >100.
Conclusion: Yttrium-90 Radioembolization can control hepatocellular carcinoma well even in advanced diseases. Patients success-
fully downstaging/bridging to resection or transplantation have excellent overall survival.
Keywords: Yttrium-90 radioembolization, selective internal radiation therapy, hepatocellular carcinoma

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, and it represents the third leading 
cause of cancer death worldwide, and also the leading cause of cancer-related mortality in Taiwan.1,2 Despite 
advanced screening recommendations, more than one-third of patients present an advanced disease at diagnosis.3,4 

While surgical treatments including resection and liver transplantation provide the greatest cure potential and 
survival, for patients with unresectable tumor or beyond the selection criteria, locoregional therapies (LRT) such 
as radiofrequency ablation and transarterial chemoembolization (TACE) have various potential roles, including 
palliation, tumor down-staging, and bridging therapy prior to resection or liver transplantation (LT). Despite the 
American Association for the Study of Liver Disease (AASLD) does not recommend one form of LRT over 
another, there is growing evidence of positive clinical outcomes with Yttrium-90 (Y90) radioembolization in the 
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treatment of HCC. It has been reported that Y90 radioembolization can provide significan tly better time to 
progression (TTP) than conventional transarterial chemoembolization (cTACE) with favorable survival in 
Barcelona clinic liver cancer stage A-C.5–7 Also, due to prolonged TTP, induction of contralateral hepatic 
hypertrophy, and lower risk of liver ischemia in the patient with portal vein thrombosis (PVT), Y90 is an 
effective treatment of HCC for bridging/downstaging for surgery.8,9 In our study, we report our institutional 
experience of Y90 radioembolization using in unresectable HCC, as the primary or major treatment combined 
with other local regional and systemic treatment.

Materials and Methods
Patients
This study had institutional review board approval, and all patients provided written informed consent for the 
treatment. Between February 2017 and October 2021, 32 patients with unresectable HCC received Y90 radio-
embolization as part of therapy. Inclusion criteria included relatively preserved liver function (Child-Pugh (CP) 
A-B), platelet count >100,000 c/μL and international normalized ratio (INR) <1.5. Main portal vein thrombosis 
has been considered the relative contraindication. A retrospective chart review was performed, and imaging and 
survival outcomes were also evaluated.

Evaluation and Staging
Triphasic contrast-enhanced computed tomography (CT) or contrast-enhanced magnetic resonance imaging (MRI) was 
performed before Y90 radioembolization.

HCC was diagnosed according to guidelines,3 liver function was assessed by CP class, and tumor staging was 
according to American Joint Committee on Cancer (AJCC) 8th Edition.10

Y90 Radioembolization
All patients underwent planning simulation using technetium-99m-macroaggregated albumin (Tc-99m-MAA) scintigra-
phy, which simulates the distribution of Y90 microspheres, to derive the estimated tumor-to-normal liver (T/N) ratio, and 
simulate the hepatic field of Y-90 radioembolization for the purpose of personalized planning and dosimetry. 
Angiographic evaluation was performed to identify the vascular anatomy, tumor feeding vessels and to detect aberrant 
vessels, arterioportal and arteriovenous shunting, and extrahepatic collateral supply which may feed extrahepatic organs, 
especially the gastrointestinal tract. Selective injection of each tumor’s feeding vessel branches in segment or subsegment 
was performed if possible.

Tc-99m-MAA was then injected with the delivery catheter in the planning position for Y-90 microsphere infusion, 
followed by single photon emission computed tomography/computed tomography (SPECT/CT) to assess pulmonary 
shunt and any unexpected flow to extrahepatic organs. Within one week of the planning simulation, all patients 
underwent Y90 radioembolization (SIR-Spheres Y90 resin microspheres, Sirtex, Singapore) according to the standar-
dized procedure.11

Dosimetry
Activities were calculated according to the partition model with the aim of delivering of the highest dose to the tumor 
while limiting the mean absorbed dose to non-tumoral liver not more than 70 Gy in the non-cirrhotic liver, or 40 Gy in 
the cirrhotic liver. As for lung shunt management, the cut-off values for lung exposure were 30 Gy and 20% for lung dose 
and lung shunt fraction, respectively.12 The partition model used pre-treatment Tc-99m-MAA SPECT/CT image with 
semi-automated regions of interest were drawn around the targeted tumors and non-tumoral liver. About one day after the 
Y90 radioembolization, Y90 bremsstrahlung SPECT/CT was performed to demonstrate the desired distribution of Y90 
microspheres.
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Follow-Up and Safety
Patients received regular follow up every 2 weeks for the first month, and monthly for 3 months, and then every 3 
months. Liver function tests, serum α-fetoprotein (AFP), serum creatinine level, platelet count and INR were assessed. 
Triphasic contrast-enhanced CT imaging 1.5–3 months after the treatment was used for tumor response assessment 
according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST).13,14 Afterwards, CT imaging 
follow-up was performed at 6 month and then every 6 months. Post-Y90 toxicities and the adverse events were evaluated 
as per the National Cancer Institute Common Toxicity Criteria (CTCAE – Version 5.0).15

Statistical Analysis
All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22.0 and R Statistical Software, 
Version 4.2.1. A P value of less than 0.05 is statistically significant. Baseline Characteristics of patients were calculated 
using frequency and descriptive analysis. Follow-up time was calculated until the date of death or the last follow-up. 
Paired t-test was performed for the comparison of pre- and post-Y90 radioembolization tumor number and sizes. 
Outcomes including overall survival (OS) and progression-free survival (PFS). Time-to-endpoint analyses were esti-
mated using Kaplan–Meier. Univariate and multivariate analyses were performed using a Log rank test and Cox 
proportional-hazards model, respectively.

Results
Patient Characteristics
A total of 32 patients with unresectable HCC were reviewed retrospectively between February 2017 and 
October 2021. Baseline Characteristics are listed in Table 1. The median age was 57.5 (range, 31–79); most 
were male (65.6%, 21 of 32), afflicted hepatitis B (56.3%, 18 of 32), with multiple nodules (81.3%, 26 of 32), 
Eastern Cooperative Oncology Group (ECOG) performance status 0 (90.6%, 29 of 32) and CP A (93.8%, 30 of 
32). There were 3 (9.4%), 11 (34.4%), 15 (46.9%), and 3(9.4%) patients who were AJCC stage T1, T2, T3, and 
T4, respectively. The 3 cases of AJCC stage T4 was staged due to major branch of the portal vein invasion. The 
median of number of nodules per patient was 4 [interquartile range (IQR), 3 to 9], with the median tumor size was 
7.5cm (IQR, 4.1 to 9.5). PVT was present in 3 patients (9.4%) with Japan’s portal vein tumor thrombus (PVTT) 
portal vein invasion (VP) classification of portal vein tumor thrombus type II (2 of 3) and type IV (1 of 3, due to 
thrombus in partial main portal vein and contralateral branch), and tumor burden was more than 50% in 4 patients 
(12.5%). Cirrhosis was present in 28 (87.5%) patients. Median of the Model For End-Stage Liver Disease 
(MELD) score was 7 (IQR, 6 to 9). Fourteen (43.8%) patients had AFP level <100, whereas 18 (56.3%) patients 
exhibited AFP level >100. Before the Y90 radioembolization, 15 patients (45.9%) had previous HCC treatment 
including 7 (21.9%) cases of LRT, 3 (9.4%) cases of surgical resection, and 5 (15.6%) cases of surgical resection 
with LRT. The median dose of Y90 (GBq) was 1.4 (IQR, 1.0 to 1.8), tumor absorbed dose (Gy) was 143.24 (IQR, 
118.16 to 164.69) and lung shunt fraction was 4.57 (IQR, 3.48 to 7.86). Treatment characteristics are listed in 
Table 2. The median dose of treatment activity was 1.4 GBq (IQR, 1 to 1.8). And the median tumor absorbed dose 
was 143.24 GBq (IQR, 118.16 to 164.69).

Treatment Response
Median follow-up time was 18 months by reverse Kaplan-Meier. At follow-up examinations at 3-, 6-, and 12-months 
follow-up, the OS rates were 94%, 87% and 59%, and the PFS rates were 78%, 64% and 60%, respectively. The median 
OS and median PFS were not reached. Complete response (CR), partial response (PR), stable disease (SD), and 
progressive disease (PD) were noted in 7 (21.9%), 14 (43.7%), 4 (12.5%), and 7 (21.9%) patients, respectively. The 
disease control rate, defined as the sum of CR, PR, and SD, was 78.1%, the objective response rate, defined as the sum of 
CR and PR, was 65.6%, and the successful downstage rate was 34.4% (11 of 32). Figure 1 shows graphical representa-
tion of the treatment response, reduction rate in tumor size, and tumor number and total size before and after Y90 
radioembolization of each patient.
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Pre- and post-Y90 radioembolization tumor number and sizes comparison are listed in Table 3, which shows 
significant reduction in tumor number and sizes. The difference in pre- and post-Y90 radioembolization is also listed 
with mean reduction rate in tumor size being 48.58%.

Table 1 Patient Characteristics

Patient Characteristics (n=32) Median IQR 25, 75 or n (%)

Age 57.5 51.3, 67.8

Sex Female 11 34.4

Male 21 65.6

Etiology HBV 18 56.3

HCV 6 18.8

HBV+HCV 1 3.1

Alcoholic 1 3.1

Unknown 6 18.8

Tumor number Single 6 18.8

Multiple 26 81.2

Number of nodules per patient 4 2, 8

Max tumor diameter (cm) <5cm 11 40.6

5–10 cm 15 40.6

>10cm 6 18.8

AJCC tumor stage T1 3 9.4

T2 11 34.4

T3 15 46.9

T4* 3 9.4

Tumor burden (%) 15.11 8.4, 24

Tumor burden (%) group <50 28 87.5

>50 4 12.5

ECOG performance sore 0 29 90.6

1 2 6.3

2 1 3.1

ALBI grade‡ 1 21 70

2 9 30

Child-Pugh class 1 30 93.8

2 2 6.2

MELD score 7 6, 9

Total bilirubin (mg/dL) 0.7 0.5, 1

AST, U/L 43.5 36.3, 64.5

ALT, U/L 33.5 33.5, 56.3

AFP, ng/mL <100 14 43.8

>100 18 56.2

Cirrhosis Without 4 12.5

with 28 87.5

PVT Without 29 90.6

with 3 9.4

PVTT classifications II 2

IV 1

Past liver therapy None 16 50

Resection 8 25

LRT 8 25

Notes: *Due to major branch of portal vein invasion. ‡ALBI grade is not available in two cases due to missing 
data of serum albumin. 
Abbreviations: HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; Max, Maximum; AJCC, American Joint 
Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; ALBI, Albumin-Bilirubin; MELD, 
Model for End-Stage Liver Disease; AST, Aspartate aminotransferase; ALT, Alanine transaminase; PVT, 
Portal vein thrombosis; PVTT, Portal vein tumor thrombosis; LRT, Locoregional treatments.
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After the Y90 radioembolization, 9 of 32 (28.1%) patients received subsequent surgery including LT and surgical 
resection with 2-year OS, 1-year and 2-year disease-free survival being 100%, 96.9% and 93.8%, respectively (median 
follow-up time 20.6 months). The median time from Y90 radioembolization to surgery was 114 days.

Table 2 Treatment Characteristics

Treatment Characteristics (n=32) Median IQR 25, 75 or n (%)

Targeted liver volume (mL) 1123.5 749.2, 1493.8

Targeted tumor volume (mL) 231.2 103.5, 319.7

Tumor burden (%) 15.1 8.4, 24

Treatment activity (GBq) 1.4 1, 1.8

Lung shunt fraction (%) 4.57 3.48, 7.86

Tumor absorbed dose (Gy) 143.2 118.2, 164.7

Non-tumoral liver absorbed dose (Gy) 37.4 29.1, 43.4

Treatment modalities after Y90 DEB TACE 14 43.8

Resection 7 21.9

Transplantation 2 6.25

Systemic treatment 4 12.5

None 5 16.6

Abbreviations: IQR, interquartile range; Y90, Yttrium-90; DEB TACE, Drug-eluting bead transarterial chemoembolization.

Figure 1 (A) Swimmer plot shows each subject’s response to treatment over the course of the study. (B) Waterfall plot of maximum percent change in tumor size from 
baseline. (C) Longitudinal change over time in percentage from baseline. (D) Tumor number and total size before and after Y90 radioembolization shows the downward 
trend of tumor number and total size illustrating downstaging of hepatocellular carcinoma. 
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; OP, operation; Y90, Yttrium-90.
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Factors contributing to OS and PFS are listed in Table 4. Maximum tumor diameter larger than 10cm and higher AJCC stage 
correlated with worse OS (Figure 2). Meanwhile, higher tumor burden (>50%), and pre-Y90 AFP more than 100 ng/mL, 
correlated with worse PFS. Nine of thirty-two (28.1%) patients underwent resection (7 patients) or transplantation (2 patients) 
after Y90 radioembolization and were associated with better OS (Figure 3.).

Treatment-Related Toxicities
There was 1 patient (3.1%) developed grade 3 radiation pneumonitis. Otherwise, no radiation induced liver disease or 
other grade 3–4 adverse effects were observed after the treatment. There was no significant difference in the pre-Y90 and 
post-Y90 liver function tests, AFP and serum creatinine level.

Table 4 Factors Contributing to OS and PFS (Univariate Analysis)

n OS PFS

HR (95% CI) p HR (95% CI) p

Age >65 21 0.793 (0.45–1.41) 0.424 0.8 (0.46–1.37) 0.407
<65 11 1 1

Sex F 11 1.01 (0.57–1.8) 0.974 1.57 (0.91–2.71) 0.095

M 21 1 1
Tumor burden (%) 32 1.03 (1–1.03) 0.087 1.06 (1.03–1.1) 0.001
Tumor burden (%) group <50% 28 0.3 (0.28–1.07) 0.06 0.33 (0.17–0.61) <0.0001

>50% 4 1 1
UCSF Within 2 0.72 (0.09–5.73) 0.754 1.49 (0.19–11.52) 0.702

Without 30 1 1

AFP, ng/mL <100 14 0.5 (0.15–1.66) 0.256 0.25 (0.07–0.91) 0.024
>100 18 1 1

Max tumor diameter (cm) <10 26 0.31 (0.3–1.02) 0.045 0.78 (0.41–1.48) 0.437

≥10 6 1 1
PVT Without 29 2.05 (0.26–16.07) 0.496 0.316 (0.09–1.15) 0.065

with 3 1 1

Treatment response CR 7 0.16 (0.02–1.36) 0.052 0 0
PR 14 0.46 (0.14–1.53) 0

SD 4 0 0

Progress 7 1 1
Post-Y90 operation Without 23 44.71 (0.32–6179.2) 0.008 3.5 (0.77–16.04) 0.086

with 9 1 1

Note: Bold values indicate statistically significant association. 
Abbreviations: OS, overall survival; PFS, progression free survival; UCSF, University of California San Francisco; PVT, portal vein thrombosis.

Table 3 Pre- and Post-Y90 Radioembolization Tumor Number and Sizes Comparison

Pre-Y90  
Radioembolization

Post-Y90  
Radioembolization

p Difference in Pre- and Post- 
Y90 radioembolization*

Mean ± SD Mean ± SD Mean ± SD

Tumor number 5.88 ± 5.00 3.16 ± 3.75 0.001 −2.72 ± 4.21
Max tumor 

diameter(cm)

7.15 ± 4.06 4.03 ± 4.04 0 −3.12 ± 2.82

Reduction rate in 
tumor size (%)

48.58 ± 36.99

Notes: Bold values indicate statistically significant association. *Value after Y90 radioembolization - value before Y90 radioembolization. 
‡ALBI grade is not available in two cases due to missing data of serum albumin. 
Abbreviations: Y90, Yttrium-90; SD, standard deviation.
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Discussion
Y90 radioembolization, a kind of selective internal radiation therapy (SIRT) with Y90-loaded microspheres injected 
through the feeding artery, has emerged over the last decades with growing evidence of the safety and efficacy as a LRT 
for HCC, intrahepatic cholangiocarcinoma, and liver metastases of malignancies including neuroendocrine tumors and 
colorectal cancer.6,16–18 In HCC treatment, it has been well adopted across different stages, with the goals of the 
treatment ranging from symptom palliation to complete tumor control, and even ablative therapy for early-stage HCC 
and bridging/downstaging for curative treatments.19,20

In this study, we reviewed our institutional experience with Y-90 radioembolization using in 32 patients with 
unresectable HCC. Although most of the patients had advanced stage with T3 and T4 (56.3%, 18 of 32), our study 
showed promising result with 2-year OS rates 59%, and 2-year PFS rates 60%. The response rate was comparable 
with our previous study of TACE treatment for HCC which consisted of more early-stage patients,21 with the 
disease control rate and the objective response rate being 78.1% and 65.6%, respectively. The successful down-
staging was achieved in 11 of 32 patients with downstaging rate being 34.4%. As for the predictor of OS and PFS, 
we found that patients with larger tumor diameter had significantly worse OS. And patients with higher tumor 

Figure 2 Overall Survival of patients with maximum tumor diameter <10cm or ≥10cm.

Figure 3 Overall Survival of patients with or without subsequent operation.
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burden, and pre-Y90 AFP more than 100 ng/mL correlated with worse PFS. The above findings might be 
explained easily as advanced disease, poor patient condition, as well as high pretreatment AFP level may lead 
to unfavorable outcomes.22

There are two calculation methods commonly used for of Y-90 activity of resin microsphere, including the body 
surface area (BSA) method and the partition model. The partition model is more precise and personalized, but also more 
complex than BSA method. In partition model, lungs, tumor and non-tumorous liver are separated to different compart-
ments for radiation dose calculation, and the dose will be adjusted according to the measured T/N ratio and lung shunt 
fraction.23 In regard to the efficacy dose cut-off of mean tumor absorbed dose in resin Y90, a cut-off of 100–120 Gy is 
recommended for HCC to yield response. In the meantime, the mean absorbed dose to non-tumoral liver should be 
limited to below 40 Gy in the cirrhotic liver.12 Although most of our patients had cirrhotic liver (28 of 32), we managed 
to have most of the patients with mean tumor absorbed dose more than 120 Gy (24 of 32). However, there was 1 patient 
developed grade 3 radiation pneumonitis in our study, with lung dose and lung shunt fraction being 8.6 Gy and 12.1, 
respectively.

Recent studies showed that patients who received curative treatment after Y90 radioembolization had favorable 
outcomes.9,24 In our study, 9 of 32 (28.1%) patients received curative treatment including LT and surgical resection after 
Y90 radioembolization with excellent 2-year OS being 100%. Complete tumor necrosis could be achieved in some of 
these patients (Figure 4). This finding emphasizes the importance of having subsequent curative treatment after Y90 
radioembolization.

The results of our study are limited by the retrospective nature, relatively small sample size and limited follow-up 
time. Furthermore, the various treatments following Y90 treatment could have affected the survival analysis.

Our study highlights that a favorable long-term outcome and survival can be anticipated with Y90 radioembolization 
even in advanced HCC, especially in those who received subsequent curative treatment. The large tumor size being the 
main limitation for OS.

Figure 4 (A) Pre-treatment CT study showing arterial-enhancing tumor. (B) Post-treatment CT study showing necrotic changes of the tumor. Photograph (C) and 
photomicrograph (D) of the liver specimen shows complete tumor necrosis and staining of resin microspheres in the tumor.
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Conclusion
Y90 Radioembolization can control HCC well even in advanced diseases. Patients successfully downstaging/bridging to 
resection or transplantation have excellent OS.

Ethical Approval and Informed Consent
The institutional review board (IRB) of Kaohsiung Chang-Gung Memorial Hospital approved the protocol for this 
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from included patients (IRB:202002180B0). We confirmed that all the data was anonymized or maintained with 
confidentiality and the study was performed in accordance with the ethical standards of the Declaration of Helsinki.
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