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Treatment options for advanced hepatocellular carcinoma (HCC) have been rapidly evolving. 
Herein, we describe a patient with advanced HCC and portal vein tumor thrombosis (PVTT) 
who responded decisively to a multidisciplinary approach. The patient had an ill-defined 
infiltrative HCC (diffuse subtype), with several intrahepatic metastasis and tumor invasion 
of left portal vein. Concurrent use of transarterial radioembolization (TARE) and systemic 
therapeutics (atezolizumab + bevacizumab) ultimately proved successful. There was marked 
reduction in tumor volume after TARE and an additional three cycles of atezolizumab 
plus bevacizumab. This concurrent treatment was well tolerated, without adverse events 
during immunotherapy. The impressive results achieved suggest that concurrent TARE and 
combination atezolizumab/bevacizumab is a promising treatment approach for advanced 
HCC with PVTT.  (J Liver Cancer 2022;22:69-74)
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INTRODUCTION

Primary liver cancer is the sixth most common malignancy 

worldwide and the third leading cause of cancer-related mor-

tality. Hepatocellular carcinoma (HCC) accounts for the 

overwhelming majority (90%) of cases.1 Unfortunately, a 

substantial number of patients are diagnosed at advanced 

stage, so the number of actual candidates for potentially cu-

rative treatments is limited.2

Recently, a combination regimen of atezolizumab plus 

bevacizumab received approval as first-line treatment of ad-

vanced HCC, based on the IMbrave 150 phase III random-

ized clinical trial.3 In this study, atezolizumab/bevacizumab 

duotherapy conferred significantly better overall survival 

(OS) and progression-free survival (PFS) than did sorafenib. 

Nevertheless, the objective response rate was only 27.3%, in-

dicating a continued need for novel treatment strategies.

Transarterial radioembolization (TARE) is a novel locore-

gional therapy using injectable yttrium-90 (90Y)-loaded ra-

dioembolic microspheres. Guidelines of both the European 

Association for the Study and the Liver and the American 

Association for the Study of Liver Diseases presently stipulate 

locoregional therapies for Barcelona Clinic Liver Cancer 

(BCLC) stage A or B,4,5 primarily reserving systemic therapy 
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as treatment of choice for advanced cancers (BCLC stage C). 

Recent studies have nevertheless shown good response rates 

and safety with use of TARE in late-stage disease, making it a 

viable treatment option for advanced HCC.6,7

To maximize advantages of both therapeutic modalities, a 

combination thereof has been tested as a novel approach to 

advanced HCC. Herein, we report a remarkable treatment 

response to concurrent TARE and atezolizumab/bevacizum-

ab administration in a patient with advanced HCC and por-

tal vein tumor thrombosis (PVTT).

This case report is described according to the CARE guide-

lines available from https://www.care-statement.org/. The 

Institutional Review Board of Seoul National University 

Hospital approved this study (IRB no H-2112-038-1279) and 

waived the requirement for informed consent. 

CASE REPORT

1. Clinical findings

A 43-year-old man with fever sought care at a tertiary 

medical center. There was a history of alcohol abuse (1 bottle 

of soju, twice weekly) and smoking (30 pack-years), with 

claims of abstinence from both for the past 3 months. Ab-

dominal-pelvic computed tomography (CT) showed an in-

filtrative hepatic mass, initially interpreted as abscess, so he 

received empiric antibiotic treatment. This brought no im-

provement, prompting liver biopsy and a revised diagnosis of 

HCC. Because the tumor was advanced, with PVTT, a com-

Figure 1. Initial dynamic magnetic resonance imaging study of liver: (A) large infiltrative hepatocellular carcinoma, enhanced on arterial phase;  
(B) washout on portal phase; (C-E) multiple intrahepatic metastases (arrows); and (F) prominent lymph node at common hepatic artery (arrow).
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bination regimen of atezolizumab/bevacizumab was begun. 

Hepatitis B virus DNA load was 236,000 IU/mL when diag-

nosed with HCC; therefore, he started tenofovir disoproxil 

fumarate treatment for hepatitis B-related liver cirrhosis and 

HCC along with immunotherapy. Once the first cycle was 

completed, he was referred to our hospital for a second opin-

ion.

Upon arrival, his medical and family histories were other-

wise noncontributory, and there were no related symptoms 

or notable findings by physical examination. Results of base-

line laboratory screening were as follows: white blood cells, 

5,160/µL; hemoglobin, 13.3 g/dL; platelet count, 417,000/µL; 

total bilirubin, 0.6 mg/dL; albumin, 4.1 g/dL; prothrombin 

time/international normalized ratio, 1.14; aspartate amino-

transferase, 50 IU/L; and alanine aminotransferase, 50 IU/L. 

Liver function was preserved (Child-Pugh class A5). He test-

ed positive for hepatitis B surface antigen, harboring a viral 

DNA load of 30,300 IU/mL. Baseline serum levels of 

α-fetoprotein (AFP) and protein induced by vitamin K ab-

sence or antagonist-II (PIVKA- II) before atezolizumab/bev-

acizumab treatment were 654.0 ng/mL and 1,470 mAU/mL, 

respectively. When he was referred to our hospital, after the 

first cycle of immunotherapy, serum levels of AFP and PIV-

KA-II were 588.0 ng/mL and 7,497 mAU/mL, respectively.

2. Imaging findings

An initially performed contrast-enhanced (Primovist; Bay-

er AG, Leverkusen, Germany) magnetic resonance imaging 

study before the first cycle of immunotherapy revealed infil-

trative HCC (~14 cm) of the left lobe, with several intrahe-

patic metastases to right lobe. Tumor thrombosis of left por-

tal vein was also apparent, and a prominent lymph node was 

noted at common hepatic artery (metastasis not excluded). 

No other extrahepatic metastases were evident (Fig. 1). 

3. Diagnosis and treatment

This particular patient was diagnosed with advanced HCC 

by pathologic and imaging staging (modified Union for In-

ternational Cancer Control stage IV, T4N1M0, and BCLC 

stage C). Treatment with atezolizumab (1,200 mg) and beva-

cizumab (15 mg/kg) was started at another hospital, com-

pleting only one cycle before transfer to our facility. 

Our plan was to achieve local control of the infiltrative pri-

mary tumor (within left lobe) using 90Y TARE. We first as-
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Figure 2. Follow-up dynamic computed tomography of liver after transarterial radioembolization and third cycle of atezolizumab/bevacizumab:  
(A-C) regression of infiltrative hepatocellular carcinoma; and (D) similar-sized lymph node.
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certained the liver-to-lung shunt fraction, which was 2.38% 

(i.e., <20%). TARE was undertaken using glass microspheres 

(TheraSphere®; Boston Scientific, Marlborough, MA, USA) 

at a mean target tissue dose of 360 Gy and virtual tumor dose 

of 485 Gy. One day later, the patient developed high fever 

(up to 38.3℃), without signs of infection. This subsided un-

eventfully. A cycle of atezolizumab/bevacizumab was admin-

istered 5 days after the TARE procedure. 

Two weeks after TARE, his liver function was stable. As 

stated in Common Terminology Criteria for Adverse Events 

(version 5), no other adverse events were encountered.8 We 

chose to continue the atezolizumab/bevacizumab regimen, 

given a potential for synergism between locoregional and 

systemic therapies.

After a third cycle of immunotherapy, treatment response 

was formally evaluated. We found a significant reduction in 

size of the invasive left-lobe tumor, its maximum diameter 

shrinking from 14 to 9 cm on liver CT. The enhanced por-

tion specifically showed remarkable regression (Fig. 2), rep-

resenting a partial response by modified Response Evaluation 

Criteria in Solid Tumor (mRECIST) standards.9 Tumor 

markers also reflected the positive therapeutic effects; his se-

rum AFP and serum PIVKA-II levels falling from 588.0 to 

326.4 ng/mL and from 7,497 to 886 mAU/mL, respectively. 

The patient tolerated immunotherapy therapy well, experi-

encing no adverse events or change in liver function.

However, after the sixth cycle of immunotherapy, the 

prominent lymph node at common hepatic artery had en-

larged, increasing from 1.9 to 3.3 cm; and new intrahepatic 

lesions were suspected, signaling progressive disease by 

mRECIST. Despite further shrinkage of the primary mass (to 

6.8 cm) (Fig. 3), tumor markers had risen substantially (AFP, 

1,335.2 ng/mL; PIVKA-II, 12,573 mAU/mL). The patient 

presently awaits participation in a clinical trial of second-line 

systemic therapy.

DISCUSSION

Herein, we describe a patient with advanced HCC and 

PVTT who initially responded well to concurrent locore-

gional (TARE) and systemic (atezolizumab/bevacizumab) 

therapies. Although his disease eventually progressed, there 

was dramatic regression of an infiltrative HCC for a signifi-

cant time period. The other lesions remained relatively sta-

ble, with the exception of a lymph node.

Results of the IMbrave 150 study, a phase III randomized 

trial, have already demonstrated the superiority of atezoli-

zumab/bevacizumab vs sorafenib in this setting, yielding bet-
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Figure 3. Follow-up dynamic computed tomography of liver after sixth cycle of atezolizumab/bevacizumab: (A, B) suspicious new intrahepatic 
lesions; (C) further regression of infiltrative hepatocellular carcinoma; and (D) nodal enlargement (common hepatic artery).
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ter OS (stratified hazard ratio [HR], 0.58; 95% confidence 

interval [CI], 0.42-0.79) and PFS (stratified HR, 0.59; 95% 

CI, 0.47-0.76).3 Consequently, clinical guidelines of the Na-

tional Comprehensive Cancer Network now recommend at-

ezolizumab/bevacizumab duotherapy as a first-line treatment 

for advanced HCC.10

TARE is also considered a valid treatment option in this 

setting. Thrombosis of the portal vein interdicts its compen-

satory role during transarterial chemoembolization (TACE) 

and is thus a relative contraindication for such procedures. 

Unlike TACE, however, TARE has minimal impact on he-

patic arterial occlusion. Moreover, TARE tended to have 

fewer complications, especially less abdominal pain, and a 

shorter hospital stay than TACE.11 Since this patient had a 

large infiltrative HCC in the left lobe, TARE was selected to 

reduce the complication rather than TACE. In a number 

clinical trials, TARE and sorafenib have performed compara-

bly as treatment of HCC.12,13 The SARAH phase III random-

ized trial recruited patients with locally advanced or interme-

diate-stage HCC. TARE (8.0 months) and sorafenib (9.9 

months) achieved similar median OS times (HR, 1.15; 95% 

CI, 0.94-1.41), although treatment response, quality of life, 

and safety profiles fared better in the TARE group.12 In an-

other randomized phase III study of Asia-Pacific patients, the 

SIRveNIB trial, TARE proved comparable to sorafenib in 

terms of OS but showed better tolerability and a higher tu-

mor response rate.13

There have also been some attempts to combine TARE 

with systemic treatment. The SORAMIC study tested TARE 

plus sorafenib vs. sorafenib alone. Whereas combination (vs 

single-agent) treatment failed to significantly improve OS, 

subgroup analysis underscored a potential for survival bene-

fits in younger patients (≤65 years) and in the absence of cir-

rhosis or alcohol-induced disease.14

On a theoretic basis, use of dual-agent atezolizumab/beva-

cizumab (rather than sorafenib) is a preferable addition to 

TARE. Atezolizumab is an immune checkpoint inhibitor tar-

geting programmed death ligand-1 (PD-L1).3 TARE serves 

to heighten tumor antigen release and promote an inflam-

matory tumor microenvironment (TME), boosting the re-

sponse to atezolizumab.15,16 Expression levels of PD-L1 and 

other tumor-associated antigens are actually enhanced by ra-

diation.17 Bevacizumab is a vascular endothelial growth fac-

tor (VEGF) inhibitor with potential for anti-PD-L1 syner-

gism. VEGF inhibition helps promote normalization of 

tumor vessels (mediated by CD4+ cells), thus aiding immune 

cell recruitment within the TME and augmenting PD-L1 in-

hibitor efficacy.18 VEGF inhibition also reduces recruitment 

of immunosuppressive cells (i.e., regulatory T cells or my-

eloid-derived suppressor cells) that limit the effects of PD-L1 

blockade.19 A phase II clinical trial addressing this combined 

therapeutic rationale is ongoing (NCT04541173).20

In conclusion, our experience with the above patient sug-

gests that concurrent TARE and atezolizumab/bevacizumab 

duotherapy is an effective and safe treatment regimen for ad-

vanced HCC with PVTT. Additional studies are warranted to 

validate this premise.
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