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Abstract 

Background: Hepatocellular carcinoma (HCC) remains a leading cause of cancer-related mortality worldwide, with limited 
treatment options for patients with unresectable disease. Yttrium-90 (Y-90) transarterial radioembolization (TARE) has emerged as 
a promising therapy to improve survival and tumor response. Objective: This study aims to evaluate the safety and effectiveness of 
Y-90 radioembolization in patients with unresectable HCC, focusing on survival outcomes, tumor response, and treatment-related 
toxicity. Methods: A retrospective, observational study was conducted on 57 patients with unresectable HCC treated with Y-90 
radioembolization. Patient selection followed strict inclusion and exclusion criteria, with pre-treatment evaluation including imaging, 
laboratory tests, and liver function assessments. Survival analysis was performed using Kaplan-Meier curves and Cox regression 
models. Results: The median overall survival was 14 months (CI95%: 8.3-19.7). Patients with prior surgical resection demonstrated 
a median survival of 25.2 months compared to 12.3 months for non-resected patients (p=0.11). Median survival for BCLC stage 
B patients was 20 months, while for stage C patients, it was 11.5 months (p=0.12). The presence of portal vein thrombosis was 
associated with a median survival of 11.5 months versus 17.7 months in patients without thrombosis (p=0.13). Significant post-
treatment increases in bilirubin and liver enzymes were observed at 3 and 6 months. Conclusion: Y-90 radioembolization is a safe 
and effective treatment for unresectable HCC, offering meaningful survival benefits, particularly in selected patient subgroups. 
Future research should focus on optimizing patient selection criteria and exploring combination therapies.
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Introduction

Primary and secondary liver tumors are a major cause of mortality, 
with hepatocellular carcinoma (HCC) accounting for more than 
80% of primary tumors originating in the liver. It is the third leading 
cause of cancer death in the world, with the highest incidence in 
Africa and Asia [1].

There are numerous therapeutic options for liver tumors that 
must be tailored to the patient and type of tumor. Thus, they 
range from surgical resection to other ablative treatments, 
such as radiofrequency (RF) ablation, microwave ablation, 
irreversible electroporation (IRE), cryoablation, transarterial 
chemoembolization (TACE), intensity-modulated radiation 
therapy (IMRT), stereotactic body radiation therapy (SBRT), and 
transarterial radioembolization (TARE) with Yttrium 90 (Y-90) [2, 
3].

The latter consists of a type of brachytherapy in which microspheres 
filled with Y-90 are implanted in the tumor parenchyma through 
the hepatic artery.

The ß radiation emitted by the Y-90 microspheres has its range of 
action at 2.5 mm around the microsphere, thus producing virtually 
no damage in the healthy tissue surrounding the tumor tissue. As 

it loses radioactivity, the Y-90 becomes Zirconium-90, which is 
residually harmless. Ghoham

The half-life of the microspheres is 64 hours, and therapeutic 
radiation usually remains for around 14 days. 

This study aims to assess the effectiveness and safety of the use 
of radioembolization with Y-90 microspheres in patients with 
unresectable HCC. 

The aim of study was to analyte the safety and effectiveness of 
Y90 radioembolization in unresectable HCC.

Materials and Methods

We conducted a retrospective, observational study analyzing 
57 patients with unresectable HCC, who were treated with 
radioembolization with Y-90. These patients were included in 
a database from November 2009 to December 2017, with a 
maximum follow-up period of 86 months.

One of the materials needed for this treatment is microspheres. 
At our hospital, we use SIR-Spheres resin microspheres with a 
median diameter of 32.5 microns and activity of 50 Bq. 

The patient selection process includes anamnesis, physical 
examination, laboratory tests, and the imaging tests required in 
each case. 

The inclusion and exclusion criteria are specific and must be met 
in all cases (Table 1). 

Inclusion Criteria Exclusion Criteria

Unequivocal diagnosis of HCC with histological confirmation, with an 
exception* Non-HCC primary or secondary liver tumors

Unresectable disease Functional alterations that increase the risk of treatment**

Good general health (ECOG between 0-2) Contraindication for visceral arteriography (allergies)

Age over 18 years Portal hypertension → extrahepatic portosystemic shunt

Having understood and signed informed consent Lung shunt fraction > 20%

Not candidates for surgical resection, liver transplantation or other 
ablative therapies Any intensity of the radiotracer at gastric level (Tc99m-MAA)

On waiting list for liver transplant Severe liver or pulmonary dysfunction

Recurrence of hepatocellular carcinoma in transplant patients Uncontrolled active infection

Portal vein thrombosis Pregnancy or breastfeeding

Table 1: Inclusion and Exclusion Criteria.



Citation: Diaz E, Hernandez T, Novo J, Cordero García JM, Bilas S, et al. (2025) The Impact and Results of Y-90 Radioembolization in 
Hepatocellular Carcinoma. Is It an Effective Theraphy?. J Oncol Res Ther 10: 10284. DOI: 10.29011/2574-710X.10284.

3 Volume 10; Issue 02
J Oncol Res Ther, an open access journal
ISSN: 2574-710X

*Exceptions include: 1) For patients with hepatocellular carcinoma 
on hepatic cirrhosis, the criteria established at the Barcelona EASL 
Conference (coincident radiological diagnosis in two imaging 
studies – ultrasound, computed tomography [CT] and magnetic 
resonance imaging [MRI] - for tumors larger than 2 cm in diameter) 
shall be applied.

**Detection of functional alterations in the clinical period prior 
to treatment that increase the risk of treatment, specifically: 
neutropenia less than 1.5/pL, thrombocytopenia less than 25/pL, 
and bilirubin greater than 2 mg/dL.

Table 1. Grouping of the criteria used in patient screening.

Elevated serum alpha-fetoprotein levels are not a contraindication 
for treatment. 

Treatment Protocol

Pre-treatment Assessment

The attending physician is responsible for ensuring that patients 
understand and sign the informed consent. In this process, patients 
will be staged according to their TNM stage; in patients with HCC, 
the Model for End-Stage Liver Disease (MELD) score will be 
calculated. 

Clinical, Analytical and Imaging Procedures

The following procedures will be reperformed: complete 
anamnesis and physical examination; blood count, prothrombin 

activity, activated partial prothrombin time (aPTT) and fibrinogen; 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), 
gamma glutamyl transferase (GGT), bilirubin, creatinine, 
electrolytes, and albumin. Tumor markers (AFP, CEA, CA 19.9 
etc) will be determined depending on the tumor type. Additional 
imaging techniques are also required: 

Abdominal CT or MRI: required to calculate the total liver volume 
and percentage tumor, as well as the characteristics of the lesions.

Positron emission tomography (PET)-CT: useful to assess the 
functionality and extent of tumor tissue. 

Abdominal visceral arteriography (Fig. 1): will include a complete 
vascular map and confirmation of the specific path the spheres 
will follow, to redirect the flow if necessary. In such case, coil 
embolization and occlusion of the different vessels will be 
applied (gastroduodenal artery, right gastric artery) to prevent 
gastroduodenal injury (Fig. 2). It is also important to:

•	 Detect possible arterial variants that supply the liver

•	 Detect vessels collateral to the gastrointestinal tract and 
other extrahepatic organs.

•	 Identify the vessels that supply blood to each liver tumor 
nodule.

•	 Assess portal venous flow. Hayley Briody, knight GM.

Figure 1: X-ray images of the radioembolization process, showing the anatomy of the hepatic hilum to subsequently inject the coils into 
the vessel that supplies the tumor lesion.
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Figure 2: X-ray images taken during radioembolization planning. Injection of coils into the gastroduodenal artery to prevent pancreatitis 
and duodenal perforation.

As mentioned above, this study of the microsphere route is performed by administering a dose of 75-150 MBq of Tc99m-MAA 
(macroaggregated albumin) via the catheter in the position where the radioactive compound is to be injected. Images are then taken and 
activity is measured in the liver, gastroduodenal and pulmonary regions, thus evaluating the shunts: ratio between the count in the lung 
area and the total counts in the liver and lung area.

Treatment Planning

Figure 3: SPECT-CT images for planning with Y90.
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Dose Calculation

We chose the body surface method to calculate the radiation dose 
applied to each patient. 

Body Surface Method:

In this method, the activity of the isotope to be administered is 
calculated based on the patient’s body surface area (BSA) and the 
proportion of tumor tissue relative to the liver volume. The BSA 
is calculated from the patient’s weight and height, using standard 
nomograms. The percentage of liver volume replaced by tumor is 
calculated from CT measurements [2, 4].

In those with a lung shunt between 10-15%, the activity will be 
reduced by 20%, between 15-20% the reduction will be 40%, and 
if the shunt exceeds 20%, it is a contraindication for treatment due 
to the risk of toxicity [5]. 

The risk of reflux of the microspheres into the gastrointestinal tract 
should also be assessed, considering this factor a contraindication. 

Treatment

The Y-90 microspheres are administered in a slow bolus infusion. 
If disease is present in both lobes, it can be treated in a single 
session or in two separate sessions, in which the left and right 
lobes would be treated sequentially at two visits 30 days apart, or 
even 6 weeks apart for greater safety.

Results

The cohort of our study was 57 patients with a median age of 
69 years (range 41-88), 80.7% (n: 46) of whom were men and 
19.3% women. The etiology of the HCC was Hepatitis C Virus 
(HCV) infection in 70,2% (n: 40), alcohol in 24,6% (n: 14) and 
cryptogenic in 5,3% (n: 3) of the cases. The lobar involvement was 
the right lobe in 61,4% (n: 35), left lobe in 10,5% (n: 6) and bilobar 
in 28,1% (n: 16) of the cases. 

The patients were categorized as Child A in 71,9% (n: 41), Child 
B in 21,1% (n: 12) and Child C in 7,1% (n: 4) of the cases, 
and in the Barcelona Liver Cancer Staging (BCLC) they were 
categorized as B in 56,1% (n: 32) and C in 43,9% (n: 25) of the 
cases. The previous treatments that patients received included 
Resection in 17,5% (n: 10), Radiofrequency in 22,8% (n: 13), 
Chemoembolization in 26,3% (n: 15), Sorafenib in 31,6% (n: 18) 
and Transplantation in 1,8% (n: 1). 24,6% (n: 14) of the patients 
had Portal vein thrombosis, 22,8% (n: 13) had ascites and 8,8% (n: 
5) had extrahepatic disease now of initiating the Y-90 treatment.

The baseline clinic characteristics are shown in table 3 and the 
liver tests results during the periods of pretreatment and after 1, 
3 and 6 months of Y90 radioembolization treatment are shown in 
table 4.

SEX
Men: 46 (80.7%)

Women: 11 (19.3%)

ETIOLOGY

HCV: 40 (70.2%)

Alcohol: 14 (24.6%)

Cryptogenic: 3 (5.3%)

LOBAR INVOLVEMENT

Right: 35 (61.4%) 

Left: 6 (10.5%)

Bilobar: 16 (28.1%)

CHILD STAGE 

A: 41 (71.9%)

B: 12 (21.1%)

C: 4 (7.1%)

BLCL
B: 32 (56.1%)

C:  25 (43.9%)
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NUMBER OF TREATMENTS

1: 40 (70.2%)

2: 12 (21.2%)

3: 4 (7%) 

4: 1 (1.8%)

PREVIOUS TREATMENTS

Resection: 10 (17.5%)

Radiofrequency: 13 (22.8%) 

Chemoembolization: 15 (26.3%) 

Transplantation: 1 (1.8%) 

Sorafenib: 18 (31.6%) 

PORTAL VEIN THROMBOSIS 14 (24,6%)

ASCITIS 13 (22,8%)

HP SHUNT % Median (Range) 7,5 (0-20)

ALBUMIN (mg/dl) at baseline Median (range) 4 (2,6-4,8)

INR at baseline Median (range) 1,1 (0,84-2,1)

AFP* (ng/ml) at baseline Median (range) 12,6 (1,5-91914)

EXTRAHEPATIC DISEASE 5 (8,8%)

*AFP: Alpha-Fetoprotein

Table 3: Baseline clinical characteristics.

  VALUES Median (Range)    

TEST PRETREATMENT 1 MONTH 3 MONTHS 6 MONTHS

Bilirrubin (mg/dl) 0,81 (0,2-6) 1,02 (0,3-11,2) 1,3 (0,47-24) 1,4 (0,24-17,2)

AST (U/L) 53,5 (18-496) 47 (20-635) 76 (17-1397) 62 (22-2139)

ALT (U/L) 36 (12-436) 42 (13-289) 43 (16-869) 46 (13-1225)

GGT (U/L) 112 (29-1558) 236 (36-1195) 161 (32-1331) 181 (52-1507)

ALP (IU/L) 134 (53-1058) 153 (41-580) 164 (60-542) 143 (75-495)

AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, GGT: Gamma-Glutamil Tranferase, ALP: Alkaline Phosphatase.

Table 4: Main liver function tests results during the periods of pretreatment and after 1, 3 and 6 months of treatment with Y90.

Survival Analysis

Since the first treatment of Y90 radioembolization, the median overall survival (OS) was 14 months (CI95%: 8.3-19.7%) (Fig. 4).  The 
median survival rate according to the Child stage was 17,3 months in Child A patients while Child B was 9,5 months, but there was no 
statistically significant difference (p=0,42). Patients with BCLC B had a median survival of 20 months while patients with BCLC C had 
a median survival of 11.5 months (p=0.12) (Fig 5). 

Also, patients with prior resection to the treatment had a median survival of 25.2 months compared to those who did not, which had a 
median survival of 12.3 months (p=0.11) (Fig 7).  No statistically significant differences were found in other previous treatments, such 
as radiofrequency, chemoembolization or sorafenib. One patient of the cohort was treated with hepatic transplantation prior to the Y-90 
treatment. 

Patients with portal vein thrombosis had a median survival 11.5 months while patients who did not have it had a median survival of 17.7 
months (p=0.13)
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No statistically significant differences were observed in variables like gender, etiology of HCC, presence of ascites during treatment, 
lobar involvement (right, left or bilobar) or hepatopulmonary shunt percentage.

As for liver function tests, levels of bilirubin, liver transaminases and gamma-glutamil transferase (GGT) shown statistically significant 
differences, while the remaining variables, including levels of albumin, INR, and alpha feto protein, did not shown significant differences. 
All data are summarized in table 5 and 6.

Analysis for time to death
Variables Median Survival (months). 95% CI p-value (Log Rank)

Child Stage
A 17,3 10,7-24

0,42B 9,5 5,3-13,7
C 24 0-62,8

BCLC 
B 20 7,4-32,4

0,12
C 11,5 8-15,1

Portal Vein thrombosis
No 17,7 10,1-25,3

0,13
Yes 11,5 5,6-17,4

Prior resection*
No 12,3 4,3-20,3

0,11
Yes 25,2 2,2-48,2

Radiofrequency*
No 12,5 6,8-18,1

0,46
Yes 17,8 2,1-33,4

Chemoembolization*
No 12,5 5,9-19

0,39
Yes 17,3 0-37,1

Sorafenib*
No 12,3 10,3-14,2

0,69
Yes 18,9 15,6-22,2

Table 5: Cualitative analysis for time to death.

Variable HR p-value 
Bilirrubin Pretreatment 0,875 0,547
  1 month 1,088 0,357
  3 months* 1,1 0,016
  6 months* 1,173 0,001
AST Pretreatment 1,002 0,231
  1 month* 1,003 0,006
  3 months 1,001 0,346
  6 months* 1,001 0,010
ALT Pretreatment 1,001 0,538
  1 month 1,005 0,82
  3 months 1 0,695
  6 months* 1,001 0,017
GGT Pretreatment 1,001 0,126
  1 month 1,001 0,160
  3 months 1 0,566
  6 months* 1,002 0,015
ALP Pretreatment 1,002 0,128
  1 month 1,004 0,096
  3 months* 1,006 0,002
  6 months* 1,007 0,002

Table 6: Univariate analysis for time to death.
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Figure 4: Overall survival.

Figure 5: Survival curve according to BCLC.



Citation: Diaz E, Hernandez T, Novo J, Cordero García JM, Bilas S, et al. (2025) The Impact and Results of Y-90 Radioembolization in 
Hepatocellular Carcinoma. Is It an Effective Theraphy?. J Oncol Res Ther 10: 10284. DOI: 10.29011/2574-710X.10284.

9 Volume 10; Issue 02
J Oncol Res Ther, an open access journal
ISSN: 2574-710X

Figure 6: Survival curve according to Prior resection (pretreatment).

Discussion

HCC is the most common cancer of the liver and is the 5th leading 
cause of cancer-related mortality in men and 7th leading cause in 
women [7]. Incidence of HCC is expected continue to rise [8].

Most cases of HCC are detected at an advanced stage of the disease. 
Prognosis depends on the tumor stage, anatomical distribution of 
the lesions, or degree of liver function, which will determine the 
response and efficacy of treatments according to the Barcelona 
Clinic Liver Cancer (BCLC) stage [7]. Without treatment, HCC has 
a median survival of less than one year [8]. Different alternatives 
are available for the treatment of liver tumors. Surgical resection 
of HCC is the treatment of choice [9], with 5-year survival ranging 
from 40-75% in patients who meet selection criteria and operated 
with curative intent. 

However, only 20% of patients with liver tumors are candidates 
for surgical resection due to limited hepatic functional reserve. The 
total residual liver volume should be more than 30%-40% of the 
original liver volume in order to perform a liver resection safely 
[6, 10].

In recent decades, local ablation techniques have emerged that seek 
to overcome the limitations of resection, such as RF, microwave, 
IRE, cryoablation, TACE and TARE. These techniques can be 

defined as the direct application of an agent (chemical, thermal 
or electrical) to specific tumor foci to achieve its eradication or 
significant tumor destruction [6, 11]. Prior resection appeared to 
be associated with improved survival outcomes, with a median 
survival of 25.2 months for patients who had undergone resection 
compared to 12.3 months for those who had not (p=0.11) This 
suggests that patients who are initially candidates for surgical 
intervention but subsequently develop unresectable disease may 
still derive significant benefit from Y-90 radioembolization. 
However, other pre-treatment modalities such as radiofrequency 
ablation, chemoembolization, and the use of Sorafenib did not 
show statistically significant differences in survival outcomes, 
indicating that Y-90 can be an effective salvage therapy irrespective 
of prior treatment history. Nevertheless, as in the study by Sangro 
et al., we found that previous procedures had no significant effect 
on survival after radioembolization compared to those with no 
previous treatments. 

The mean survival in HCC after radioembolization treatment 
is 7-27 months, depending on the performance status, extent of 
disease, degree of liver function, and Child-Pugh stage. Child 
stage A patients have a median survival of 24.4 months compared 
to a median survival of 16.9 months in Child stage B [6, 15]. 
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The analysis of 57 patients treated with Y-90 provides valuable 
insights into survival outcomes and the balance of therapeutic 
benefits versus potential toxic effects. The median overall 
survival (OS) for the cohort was 14 months, which aligns with 
previous studies that report a range of 12 to 18 months for similar 
patient populations [2, 4, 11]. Notably, the survival rates varied 
significantly based on the Child-Pugh score and the Barcelona 
Clinic Liver Cancer (BCLC) staging system. Patients classified as 
Child A had a median survival of 17.3 months, compared to 9.5 
months for those classified as Child B, although this difference was 
not statistically significant. Similarly, BCLC stage B patients had 
a median survival of 20 months, whereas BCLC stage C patients 
had a median survival of 11.5 months. When comparing our results 
in terms of survival, we obtain slightly higher results than those 
reported in similar studies in BCLC stage B (20 vs Olive-Sasot: 
18.6, Hilgard: 16.4, Mazzaferro: 18 months) and similar in BCLC 
stage C (11.5 vs Olive-Sasot: 8.8, Mazaferro: 13 months). These 
findings underscore the importance of liver function and cancer 
stage in determining patient prognosis post-Y-90 treatment. 

The Child C group in our study had the highest survival rate, 24 
months, perhaps because it had the smallest number of patients 
or had the least number of previous treatments, so it rests of, 
statistically speaking, importance. Anyhow, our findings suggest 
that the Y-90 treatment should be considered not only for end-
stage disease patients, but also for early stages, as it is suggested 
by other authors [4]. 

Analysis comparing HCC patients treated with TACE versus TARE 
showed a significantly longer time to progression in the TARE 
group (13.3 vs. 8.4). The response rate was similar: 69% in the 
TACE group versus 72% in the TARE group, with no significant 
differences. Overall survival (OS) was 17.4 months in the TACE 
group versus 20.5 months in the TARE group. In our study, OS at 
2 years was 80.8%.

Progression-free survival (PFS) was better with TARE; in our 
study 41.9% of patients had disease progression, with a mean time 
of 50 months.

This longer progression time has an advantage for patients on 
the transplant waiting list, with the rates of transplanted patients 
included on the waiting list being 87% after treatment with TARE 
versus 70% after TACE [9, 11]. Thus, Y-90 radioembolization 
can positively affect survival by improving the transplant rate [7]. 
In our series, we only had one patient who had previously had 
a transplant. The presence of portal vein thrombosis (PVT) was 
associated with a median survival of 11.5 months compared to 17.7 
months for patients without PVT (p=0.13). While not statistically 
significant, this trend highlights the challenging prognosis for 
HCC patients with PVT and suggests that Y-90 radioembolization 
might still offer a meaningful survival benefit in this high-risk 

group. The presence of portal vein thrombosis is not an exclusion 
criterion, as it occurs in 10% to 40% of HCC at the time of 
diagnosis. Radioembolization is one of the options available in 
these patients with portal vein thrombosis [14], which is a poor 
prognostic factor; OS with thrombosis is 2-4 months compared to 
10-24 months for patients without portal vein thrombosis. In our 
study, there was one patient with portal vein thrombosis who had a 
survival of 7 months after treatment.

The analysis of liver function tests pre- and post-treatment revealed 
significant changes in bilirubin, AST, ALT, GGT, and ALP levels, 
particularly at the 3-month and 6-month marks. The increase in 
these markers indicates liver stress and potential toxicity, which is 
an anticipated risk given the nature of Y-90 treatment. Specifically, 
the increase in bilirubin levels and alkaline phosphatase at 3 months 
(p=0.016) and 6 months (p=0.001) post-treatment and suggests 
a need for close monitoring of liver function during follow-up. 
Despite these increases, the overall clinical management of these 
patients was feasible, with no reports of severe liver or pulmonary 
dysfunction directly attributed to the treatment.

Implications for Clinical Practice

This study supports the use of Y-90 radioembolization as a viable 
treatment option for patients with unresectable HCC, offering a 
potential extension of survival with manageable toxicity. The 
selection criteria used in this study, which emphasize good 
general health (ECOG 0-2), unresectable disease, and specific 
contraindications (e.g., high lung shunt fraction), are critical in 
optimizing patient outcomes. These criteria should be rigorously 
applied in clinical practice to identify the best candidates for Y-90 
treatment.

Limitations and Future Research

The retrospective nature of this study and the relatively small 
sample size are limitations that should be acknowledged. 
Future prospective studies with larger cohorts are necessary to 
confirm these findings and to explore the long-term impacts of 
Y-90 radioembolization on quality of life and liver function. 
Additionally, the development of biomarkers to predict response 
to Y-90 therapy could further refine patient selection and improve 
outcomes.

Conclusions 

Y-90 radioembolization demonstrates promising efficacy and 
an acceptable safety profile in patients with unresectable HCC. 
This treatment offers a valuable option for extending survival in 
a challenging patient population, particularly when prior surgical 
interventions are no longer viable. The findings of this study 
demonstrate the efficacy of Yttrium-90 (Y-90) radioembolization 
in patients with unresectable hepatocellular carcinoma (HCC). 
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Continued research and careful patient selection will be essential 
to maximize the benefits of this therapeutic approach.
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