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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
malignant tumors, the morbidity and mortality of 
HCC ranked 6th and 3rd among all malignant tumors, 
respectively. Patients with HCC in Asia tend to have poorer 
liver function and present at a more advanced stage than 
patients in Western countries (1). Approximately 70–90% 
of patients with HCC in Asia are co-infected with the 
hepatitis B virus (HBV). The percentage of Chinese HCC 
patients who have HBV infection is estimated to account 
for approximately 75–80% in China (2). Furthermore, 
Asian and Western countries have different staging 
systems, disease management practices, and prognoses for 
HCC. Transarterial radioembolization with yttrium-90 
microspheres (TARE-Y90) has been used to treat HCC in 
Western countries for 20 years, and Chinese guidelines for 
HCC management also recommend yttrium-90 as a local 
treatment (3). However, there are no studies on the use of 
TARE-Y90 in China.

As a local treatment, TARE-Y90 can be applied to all 
BCLC (Barcelona Clinic Liver Cancer) stages of HCC (4).  
It has become an effective alternative to conventional 
transcatheter arterial chemoembolization, with better 

time-to-progression and survival (5).  In addition, 
TARE-Y90 can be used as a second option for patients with 
contraindications to radiofrequency ablation or surgical 
resection (6,7). Furthermore, it is also a suitable strategy for 
treating HCC with portal invasion, with minimal incidence 
of ischemic hepatitis (4).

This case report describes the case of the first patient 
with HCC to receive TARE-Y90 treatment in China. 
Throughout the treatment process, imaging was employed 
as an essential technical tool, providing an important 
basis for the assessment of the tumor response. Herein, 
we describe the oncological benefit, choice of imaging 
technique, tumor response assessment, and benign imaging 
findings of the patient after TARE-Y90 treatment.

Case report

All procedures performed in this study were conducted in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for the publication of this 
case report and the accompanying images. A copy of the 
written consent form is available for review by the editorial 
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office of this journal.

Patient information

A 35-year-old male patient presented with a liver mass, 
recurrent distending pain in the liver area, and no history 
of chronic liver disease or long-term heavy alcohol 
drinking. Routine laboratory test results at admission 
showed the following abnormal results: positivity for HBV 
components including HBsAb (+), HBeAb (+), and HBcAb 
(+); alanine aminotransferase 73.8 IU/L (normal range,  
0–42 IU/L); aspartate aminotransferase 49.3 IU/L 
(normal range, 0–42 IU/L); glutamyl transpeptidase  
102.8 IU/L (normal range, 4–50 IU/L); alpha-fetoprotein 
(AFP) 175,499 ng/mL (normal range, 0–8 ng/mL); and 
protein induced by vitamin K absence-II (PIVKA-II)  
11,082 mAU/mL (normal range, 0–40 mAU/mL). The 
other laboratory test results, including liver and kidney 
function, coagulation tests, HBV-DNA replication, and 
routine blood tests, were normal.

Imaging examination, including contrast-enhanced 
computed tomography (CT), indicated a heterogeneous, 
low-density mass with areas of necrosis measuring 10.2 cm  
in the right liver. The mass showed non-rim arterial phase 
hyperenhancement with multiple tortuous vessels in the 
arterial phase and nonperipheral wash-out in the portal 
venous phase, and malignant portal vein thrombosis  
(Figure 1). The patient had no cirrhosis, splenomegaly, 
ascites, or esophageal or gastric varices.

Preoperative evaluation and surgical procedure

The patient was diagnosed with HCC (BCLC-C), with 

Child-Pugh A liver function, a performance status score 
of 0, and an indocyanine green retention test value of 
4.9%. By measuring the right hepatectomy, the future liver 
remnant was only 25%. Owing to the insufficient future 
liver remnant, the HCC was determined to be unresectable. 
After referring to the foreign clinical practice standards (7),  
we found the patient to be fully eligible for TARE-Y90 
treatment. Routine angiography was performed 2 days 
before the TARE-Y90 therapy to exclude anatomical 
variation in the hepatic artery. A single-photon emission 
CT examination with 99mTc-MAA was performed, and 
the lung-shunting fraction was found to be 15.1% [lung-
shunting fraction = counts in the lungs/(counts in the lungs 
+ counts in the liver) × 100%], without intra/extrahepatic 
shunts. A microcatheter was accurately inserted into the 
feeding artery of the tumor, and 2.01 GBq 90Y resin 
microspheres were injected into the tumor. The total 
operation time was less than 1 hour and no intraoperative 
adverse effects occurred. Single-photon emission CT was 
performed 20 hours after the operation, and no extrahepatic 
distribution of 90Y microspheres was observed. After  
2 days, the AFP level decreased to 141,000 ng/mL.

Postoperative follow-up

After the TARE-Y90 therapy, the patient was followed up 
by telephone once a week. Tumor markers, laboratory tests, 
and imaging examinations, including CT and hepatobiliary 
contrast agent magnetic resonance imaging (HBA-MRI), 
were performed monthly (Table 1). The details of the 
patient’s imaging manifestations are shown in Figure 2. At  
3 months after treatment, the tumor size was reduced by 31%, 
there was no enhancement, and the portal vein thrombosis 

Figure 1 Contrast-enhanced CT scans of the HCC. (A) The mass shows non-rim arterial phase hyperenhancement in the arterial phase (red 
arrow). (B) The mass shows nonperipheral wash-out in the portal venous phase, with invasion of the portal vein (red arrow). CT, computed 
tomography; HCC, hepatocellular carcinoma.
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Table 1 Imaging manifestations at 1st month, 2nd month and 3rd after TARE-Y90 treatment

Variable 1st month 2nd month 3rd month

AFP (ng/mL) 10,612 1,469 325

PIVKA-II (mAU/mL) 329 27 None

Child-pugh A A A

CT manifestations

Density Low density, with slight high 
density

Low density, with slight high 
density

Low density, with slight high 
density

Length (cm) 6.2 6.2 4.3

Residual enhancing areas (cm) 4.2 2.1 None

Enhancement pattern  Wash-in and wash-out Wash-in and wash-out None

Peritumoral ring enhancement None Present Present

Portal vein invasion None None None

Peri-tumor liver parenchyma Type I Type I Type I

Other sign of liver parenchyma None “Ill-defined geographic areas” of 
hypoattenuation of segment VI on 
contrast scan

The abnormal enhancement range 
has been reduced

Extrahepatic signs None None None

HBA-MRI manifestations

T1WI Hypointensity, with hyperintensity Hypointensity, with hyperintensity Hypointensity, with hyperintensity

T2WI Hyperintensity Hyperintensity Hyperintensity

Residual enhancing areas (cm) 4.4 2.3 None

Enhancement pattern Wash-in and wash-out Wash-in and wash-out None

Peritumoral ring enhancement None Present Present

Peritumoral hypointensity on 
hepatobiliary phase

Present Present Present

SWI Hypointensity Hypointensity Hypointensity

DWI (b=800 s/mm) Hyperintensity Hyperintensity Hyperintensity

Other sign of liver parenchyma None “Ill-defined geographic areas” of 
hypoattenuation of segment VI

The abnormal enhancement range 
reduced

Extrahepatic signs None None None

TARE-Y90, transarterial radioembolization with yttrium-90 microspheres; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K 
absence-II; CT, computed tomography; HBA-MRI, hepatobiliary contrast agent magnetic resonance imaging; T1WI, T1-weighted imaging; 
T2WI, T2-weighted imaging; SWI, susceptibility weighted imaging; DWI, diffusion-weighted imaging.

had disappeared. These results were interpreted as a complete 
clinical response, and the HCC was downgraded to BCLC-A. 
The AFP level increased steadily to 491 and 605 ng/mL in 
the fourth and fifth months after the procedure, respectively; 
subsequently, a resection of the right posterior lobe was 
performed. Pathological results showed that most of the 

tumor bed (96%) was necrotic. Microscopic residual tumor 
cells were observed at the tumor margin, with the largest 
foci measuring 2 mm, and yttrium-90 microspheres were 
observed in the capillaries of the peritumor tissue (Figure 3). 
At 3 months after resection, there had been no recurrence, 
as observed by HBA-MRI. At 8 months after resection, the 
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Figure 2 CT and HBA-MRI manifestations the first month, second month, and third after TARE-Y90 treatment. In the first month after 
TARE-Y90 treatment, axial images show a residual tumor, hemorrhage, a type I enhancement pattern, and peritumoral hypointensity on 
HBP (A-F). Contrast-enhanced CT shows residual enhanced areas (4.2 cm) in the arterial phase (red arrow) (A). The enhancement pattern 
is “wash-in and wash-out” (red arrow). The peritumor liver parenchyma shows hypoattenuation in the portal venous phase (white arrow) (B). 
Precontrast MRI shows an intratumor hemorrhage (red arrow) (C) and a residual enhanced area in the arterial phase (red arrow) (D). The 
lesion shows “wash-out” in the portal venous phase (red arrow) (E). On HBP, peritumoral hypointensity relative to the liver parenchyma 
can be observed (red arrow) (F). In the second month after TARE-Y90 treatment, axial images show a residual tumor, hemorrhage, a type I 
enhancement pattern, peritumoral ring enhancement, and peritumoral hypointensity in the hepatobiliary phase (G-L). Contrast-enhanced 
CT shows the residual enhanced area (2.1 cm) in the arterial phase (red arrow) (G). The enhancement pattern is “wash-in and wash-
out” (red arrow). The peritumor liver parenchyma shows hypoattenuation in the portal venous phase (white arrow) (H). Precontrast MRI 
shows an intratumor hemorrhage (red arrow) (I), a residual enhanced area in the arterial phase, and “wash-out” in the portal venous phase 
(red arrow), with peritumoral ring enhancement (white arrow) (J,K). On HBP, peritumoral hypointensity relative to the liver parenchyma 
can be observed (red arrow) (L). In the third month after TARE-Y90 treatment, axial images show a hemorrhage, type I enhancement 
pattern, peritumoral ring enhancement, and peritumoral hypointensity on the hepatobiliary phase (M-R). Contrast-enhanced CT shows 
hypodensity without residual enhanced areas in the arterial phase (M) and the portal venous phase. The peritumor liver parenchyma shows 
hypoattenuation (white arrow) (N). Precontrast MRI shows hyperintensity on T1WI, which represents an intratumoral hemorrhage (red 
arrow) (O), a lack of residual enhanced areas in the arterial and portal venous phases, and peritumoral ring enhancement (white arrow) 
(P,Q). On HBP, peritumoral hypointensity relative to the liver parenchyma can be observed (red arrow) (R). CT, computed tomography; 
HBA-MRI, hepatobiliary contrast agent magnetic resonance imaging; TARE-Y90, transarterial radioembolization with yttrium-90 resin 
microspheres; HBP, hepatobiliary phase; MRI, magnetic resonance imaging; T1WI, T1-weighted imaging.

patient had AFP and PIVKA-II levels within the normal 
ranges, and his general condition was good.

Discussion

TARE-Y90 is an effective neoadjuvant therapy that can 
be undertaken before surgical resection and curative liver 
transplantation, making it a bridging and downstaging 
liver-directed therapy (8,9). Although TARE-Y90 has 
traditionally been used to treat advanced HCC, recent 
refinements of the technique have achieved promising 

response rates in solitary HCC (10). Previous studies 
have shown that using TARE-Y90 can attain an objective 
response rate of above 85% (11,12) and a downstaging rate 
of above 50% (13,14). These high rates enable TARE-Y90 
to be used as a bridging therapy prior to resection. After 
adjuvant treatment with TARE-Y90, our patient was 
assessed as having had a complete clinical response based 
on the activity of his HCC and portal vein thrombosis. 
The HCC was successfully converted from unresectable 
to resectable, representing the success of the downstaging 
treatment. As a result, the patient did not need concurrent 
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Figure 3 Pathological examination after surgical resection of the right posterior lobe. (A) Pathological results show that most of the tumor 
bed was necrotic. Microscopic residual tumor cells were observed with a low-grade differentiation (HE, ×200), and (B) scattered yttrium-90 
microspheres were observed in the capillaries of the peritumor tissue (HE, ×100). HE, hematoxylin-eosin.

A B

systemic therapy, which is inconsistent with a previous 
report of that after TARE-Y90 treatment in conjunction 
with a neoadjuvant resulting in complete response (15). The 
success of this case suggests that more patients with similar 
conditions can be treated in the future, and new adjuvant 
applications of TARE-Y90 merit further study in China.

Several imaging techniques can be used to evaluate 
the postoperative performance of TARE-Y90, including 
ultrasound, CT, MRI, and PET-CT. Ultrasound imaging is 
economical and easy to perform but is limited to the value 
of the therapeutic response (16). Although PET-CT may be 
useful for stratifying patients before treatment and predicting 
outcomes (17), it has a low sensitivity (52%) for the 
detection of HCC, especially well-differentiated tumors (18).  
Dynamic contrast-enhanced CT is a convenient and 
efficient modality for assessing tumors after treatment (19). 
Compared to CT, MRI has increased sensitivity and similar 
specificity for detecting HCC, especially HBA-MRI, which 
can accurately identify small lesions (<1 cm). A consensus has 
essentially been reached on current practices to evaluate the 
treatment response of TARE-Y90 with CT and MRI (20).

Regarding the response to TARE-Y90 treatment, the 
RECIST (Response Evaluation Criteria in Solid Tumors) 
guideline is inaccurate for assessing the response because 
intratumor hemorrhage and necrosis may cause an increase 
in tumor size after treatment (21). However, the modified 
RECIST criteria can accurately reflect the objective 
response rate by measuring the maximum enhanced 
diameter in the arterial phase (22). In our patient, no 
residual tumor activity was found on CT or MRI in the 
third month after treatment, which was interpreted as a 

complete clinical response.
Other benign imaging findings after TARE-Y90 

treatment include the following: (I) peritumoral ring 
enhancement (<5 mm) lasting for up to 3 months, 
pathologically corresponding to granulation tissue and/
or fibrous pseudo-envelope (23); (II) the irradiated hepatic 
parenchyma presenting with a type I enhancement pattern 
on CT, which may be caused by radiation-induced veno-
occlusion, resulting in delayed contrast inflow (24); (III) 
peritumoral hypointensity in the hepatobiliary phase, 
indicative of hepatocyte dysfunction, which is caused by 
the ablative potential of Y90 microspheres (25); and (IV) 
the normal liver parenchyma appearing as “ill-defined 
geographic areas,” which may be caused by the embolic 
effect of Y90 microspheres and can cause infarcts, although 
the infarction will gradually recover through arterial 
recanalization and collateralization (26).

Conclusions

TARE-Y90 is a potentially useful approach for treating 
unre sec tab le  HCC.  The  a s se s sment  o f  imag ing 
manifestations, including tumor response and benign 
imaging findings, mainly through CT and MRI scans, can 
effectively determine the next treatment step.
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