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Hepatocellular carcinoma (HCC) involving the inferior vena cava (IVC) and/or right atrium (RA) 
is a rare and intractable disease. A standard treatment has not been established yet, owing to 
the rarity of disease and difficulties in the therapeutic treatment. Herein, we report the case 
of a patient who had recurrent HCC (after a prior lobectomy) involving both IVC and RA and 
underwent multimodality treatments including external beam radiotherapy and transarterial 
chemotherapy, followed by sorafenib treatment. The disease was well controlled with local 
treatments and sustained for 7 years until last follow-up after the systemic treatments. Our 
case shows a possibility of long-term survival for patients affected by HCC involving IVC and/
or RA, after a rigorous multimodality treatment strategy. (J Liver Cancer 2019;19:149-153)
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IntroductIon

Hepatocellular carcinoma (HCC) involving the inferior 

vena cava (IVC) or the right atrium (RA) is rare, occurring 

in less than 4% of all HCC patients.1 The prognosis is poor 

with an expected survival time less than 3 months, if left un-

treated.2 A standard treatment has not been established yet, 

as the incidence of the disease is rare and the treatment has a 

negative impact on the pulmonary and systemic circulation.

Although the Barcelona Clinic Liver Cancer staging criteria 

recommend sorafenib for treating HCC involving major ves-

sels,3 local treatments have been commonly performed in-

stead, compensating for the poor tumor response with an ex-

pected longer survival.4 External beam radiation therapy 

(EBRT) is a local treatment that is less affected by the tumor 

location unlike other local treatments.5 In particular, radio-

frequency ablation (RFA) or surgery is difficult for tumors 

involving major vessels or for those present in their vicinity, 

whereas EBRT is relatively more feasible. The estimated tol-

erance dose of radiation for major vessels, commonly extrap-

olated from studies on central lung tumors,6 exceeds 100 Gy, 

which is enough for efficient control of the tumor.7

Pioneering researchers tried using local therapies such as 

transarterial chemoembolization (TACE) and EBRT achiev-

ing successful tumor response rates for HCCs involving IVC 

and/or RA.8,9 Nonetheless, the life expectancy of patients 

with HCCs involving IVC and/or RA is still approximately 

1 year, with most patients dying within 2 years even after rig-

orous local treatments.10 We shall review and report here a 

case of HCC involving IVC and RA treated with active local 
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treatments, including EBRT, in which the patient survived 

for up to 7 years in a disease-free state until the last follow-up.

cASE rEPort

A 62-year-old man experienced upper-right abdominal 

pain after a fall and was referred to us by a private clinic after 

a fracture of the 10th rib was suspected following an X-ray 

examination. We performed abdominal ultrasonography and 

incidentally found a liver mass. The patient reported no his-

tory of viral hepatitis or undergoing screenings. Until he was 

admitted, he consumed two bottles of Soju (Korean distilled 

liquor with an alcohol content of 15-20%) 3-4 days a week 

and smoked a pack of cigarettes every day for 42 years. He 

was on medications for treating hypertension. Blood analyses 

revealed the following parameters: white blood cell (WBC), 

6,210/mm3; hemoglobin (Hgb), 11.6 g/dL; and platelet, 

225,000/mm3. Biochemical analyses showed the following: 

total protein, 7.7 g/dL; albumin, 4.1 g/dL; blood urea nitro-

gen (BUN), 13 mg/dL; creatinine (Cr), 1.0 mg/dL; aspartate 

aminotransferase/alanine aminotransferase (AST/ALT), 

202/45 IU/L; alkaline phosphatase (ALP), 300 IU/L; total bil-

irubin, 0.5 mg/dL (direct bilirubin 0.3 mg/dL); and pro-

thrombin time/international normalized ratio (PT/INR): 

0.84. Viral hepatitis serologic tests showed positivity for HB-

sAg, anti-HBs Ab, IgG anti-HBc, and negativity for the anti-

hepatitis C virus antibody (HCV Ab), while hepatitis B virus 

(HBV) deoxyribonucleic acid (DNA) was 355 IU/mL. 

Among tumor markers, alpha-fetoprotein (AFP) was 11.2 

ng/mL, while protein induced by vitamin K absence or an-

tagonist-II (PIVKA-II) was >2,000 mAU/mL. Primovist 

magnetic resonance imaging (MRI) showed a 12 cm mass in 

the right liver lobe with an arterial enhancement and delayed 

washout, as shown in Fig. 1A. The patient had a Child-Pugh 

Figure 1. Imaging studies at the initial diagnosis and at different follow-ups. (A) Liver magnetic resonance imaging at the initial diagnosis. A mass 
12 cm in size was noted in the right lobe of the liver. The tumor showed arterial enhancement and a delayed washout pattern. (B) Two years after 
the surgery, HCC recurred in segment 4 with tumor thrombus in the inferior vena cava (IVC) and right atrium (RA). (C) Three months after external 
beam radiotherapy (EBRT) and 3 cycles of transarterial chemotherapy (TACE), the thrombus in the RA disappeared, the IVC was well-lipiodolized, 
but a filling defect was seen around the IVC. Sorafenib was administered after EBRT and TACE. (D) Three years and 4 months post-TACE and EBRT 
followed by sorafenib, recurrence at segment 3 was observed. (E) Radiofrequency ablation (RFA) was performed and a good ablation was seen in 
the follow-up image 3 months after the RFA.
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score of five, for which he was classified as class A. His East-

ern Cooperative Oncology Group (ECOG) performance sta-

tus score was 0. The tumor was graded as a Barcelona Clinic 

Liver Cancer (BCLC) stage B, for which he underwent right 

hepatectomy. After the surgery, the tumor size was 14.0×9.0 

cm and did not involve the liver capsule, but we observed the 

presence of vascular tumor emboli and a resection margin of 

less than 0.1 cm. Afterwards, the patients had regular clinical 

and radiologic follow-ups at 3- or 6-month intervals, respec-

tively, for which he underwent liver dynamic computed to-

mography or MRI and PIVKA-II without further treatment. 

Imaging showed no evidence of recurrence, but PIVKA-II 

levels increased continuously after one year from the surgery. 

Two years after the surgery, HCC recurred in segment 4 with 

tumor thrombus in the IVC and in the RA, with PIVKA-II 

levels of 1,463 mAU/mL, as shown in Fig. 1B. Blood analyses 

revealed the following parameters: WBC, 4,100/mm3; Hgb, 

12.8 g/dL; and platelets, 138,000/mm3. Biochemical analyses 

showed the following: total protein, 6.7 g/dL; albumin, 4.0 g/dL; 

BUN, 13.6 mg/dL; Cr, 0.99 mg/dL; AST/ALT, 24/15 IU/L; 

ALP, 48 IU/L; total bilirubin, 0.42 mg/dL (direct bilirubin 

0.10 mg/dL); and PT/INR, 1.03. Viral hepatitis serologic tests 

showed positivity for anti-HBs Ab and IgG anti-HBc, nega-

tivity for HBsAg and anti-HCV Ab, and HBV DNA levels 

<20 IU/mL. Among tumor markers, AFP was 2.3 ng/mL. At 

the time of recurrence, the patient had a Child-Pugh score of 

five, for which he was classified as class A again. His ECO 

performance status score was 0. The tumor was graded as 

BCLC stage C (advanced), due to the IVC invasion. In echo-

cardiography, the ejection fraction was 69% without any 

symptom, but a tumor thrombus was involved from the IVC 

to the RA junctions. Ascites were not evident, and the liver 

surface was smooth.

We planned a combination therapy of TACE and EBRT. 

We performed TACE every 4 weeks with the following pro-

tocol: first, we infused 2 mg/kg cisplatin (Dong-A Pharma-

ceutical, Seoul, Korea) as chemotherapeutic agent. Second, 

we embolized feeder arteries until we achieved arterial flow 

stasis with an emulsion of 5 to 10 mL of cisplatin and iodized 

oil (Lipiodol Ultra-Fluide; Laboratoire Guerbet, Aulnay sous 

Bois, France). Lastly, we applied an absorbable gelatin sponge 

(Gelfoam; Upjohn, Kalamazoo, MI, USA). The feeder arter-

ies were embolized until arterial flow stasis was achieved. For 

EBRT planning, we calculated the gross tumor volume using 

a CT scan and a 20-minute delayed MRI, which were fused 

with a rigid registration method. We applied an abdominal 

compressor to the umbilical area to diminish respiratory 

movement, and we designed the internal target volume 

(ITV) respecting the respiratory movement, tracked by a Re-

al-Time Position Management system (Varian Medical Sys-

tem, Palo Alto, CA, USA). Then, we expanded the ITV by 

5-7 mm to obtain the planning target volume (PTV). We ad-

ministered a radiation dose of 40 Gy in 16 fractions to the 

PTV. Following the Korean Liver Cancer Study Group 

guidelines, we kept the mean normal liver dose below 28 Gy 

(an equivalent doses of 2 Gy per fraction), and more than 

700 mL of normal liver volume received a dose below 15 Gy. 

This dose scheme was delivered to PTV every day. The duo-

denum D1cc (the largest dose received by at least 1 mL of duo-

denum) was 23.5 Gy, while the mean PTV dose was 40.1 Gy. 

Figure 2. External beam radiotherapy planning to treat the tumor at segment 4 with a right atrium and inferior vena cava thrombus. (A) Scheme 
of the radiation dose distribution. (B) Dose-volume histogram showing the doses received by organs and the relevant volumes.
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We performed the planning using the Eclipse 8.9 (Varian 

Medical System) software. The plan and the dose-volume 

histogram is shown in Fig. 2. Three months after EBRT and 

3 cycles of TACE, as shown in Fig. 1C, all thrombi in RA 

were eliminated, the suprahepatic IVC thrombus was well-

lipiodolized with no arterial enhancement although a filling 

defect was present in IVC. AFP levels significantly dropped 

from 11.2 ng/mL to a normal level of 2.3 ng/mL. PIVKA-II 

levels also normalized at 37 mAU/mL. By definition of the 

modified Response Evaluation Criteria in Solid Tumors, this 

was considered a complete response. After TACE and EBRT 

treatment, we administered sorafenib (200 mg, b.i.d). Al-

though during sorafenib maintenance we did not observe 

any recurrence on the follow-up images, we had to stop the 

medication because the patients reached a grade 3 of gastro-

intestinal toxicity (diarrhea and vomiting) in the Common 

Terminology Criteria for Adverse Events (CTCAE) 4.03 

scale, 2 years and 6 months after the first administration of 

sorafenib. After three years and four months since the dis-

continuation of sorafenib, we saw a recurrence in segment 

4 in a follow-up MRI, as shown in Fig. 1D. Thus, we per-

formed the RFA procedure. Afterwards, the patient under-

went regular radiological imaging and tumor-marker follow-

up without further treatments and continued to show a no 

evidence of disease status without recurrence 7 years after the 

TACE and EBRT treatment, about 10 years after the first di-

agnosis as shown in Fig. 1E.

dIScuSSIon

Recently, Samsung Medical Center, one of the high-vol-

ume centers in Korea, published a study showing that HCC 

patients who were treated with a multidisciplinary approach 

had a higher survival rate than the control group.11 As there 

are different staging systems for grading HCC, multiple 

treatment options are available for even for the same stage of 

disease.12 Some researchers describe those considerations as a 

‘fierce battle’;13 however, we show here that a combined ther-

apy strategy can cure HCC previously considered intractable.

Spatial cooperation between TACE and EBRT could maxi-

mize local control, as TACE could eradicate lesions too small 

to be easily observed, EBRT removes the main tumor mass. 

Furthermore, the anticancer drugs used for TACE have a ra-

diosensitizing effect.14 Treatment with sorafenib played an 

important role in controlling possible subclinical disease and 

residual tumor under control, due the inhibition of growth 

factors and Raf.15 Unlike other major cancers, for HCC the 

role of systemic treatment or radiotherapy has not been es-

tablished for HCC until recently. Therefore, it is necessary to 

establish an optimal combination strategy of therapy modali-

ties to maximize the treatment efficacy.

In two relatively large trials including patients affected by 

HCC with major vessel invasion, patients with HCC involv-

ing IVC and/or RA had a superior overall survival compared 

to those with HCC involving portal vein.8,16 In a recent 

pooled meta-analysis, the tumor response rate to EBRT of 

HCC involving IVC and/or RA exceeded 60%, and the local 

control rate was as high as 84%.10 A theoretical concern has 

been raised, that treating HCC involving IVC and/or RA 

with potent local treatments such as EBRT could lead to pul-

monary embolism or sudden death due to a dropped-out 

necrotized stalk.17 However, only one case of pulmonary em-

bolism was reported in a meta-analysis of 192 patients, and 

the rate of grade ≥3 complications was only 1.2%.10 Hence, 

we consider EBRT for HCC involving IVC and/or RA a fea-

sible local treatment strategy.

In a study by Hou et al.16, intrahepatic tumor numbers and 

their control status affected the survival rate of patients with 

HCC involving IVC. Koo et al.17 reported that liver function 

and the invasion of the portal vein are significant factors af-

fecting the survival. Two studies indicated IVC thrombosis 

response and combined treatment of TACE and EBRT as 

strong predictors of survival.16,17 Although a definitive cure 

might be difficult even for cases satisfying all the above prog-

nosticators, our case suggests the possibility that active mul-

timodality treatment for localized HCC involving IVC and/

or RA could result in long-term survival.

Although we did not need any systemic agents other than 

sorafenib for this case, regorafenib18 and carbozantinib19 have 

successfully shown survival benefit and can be used as sec-

ond-line drugs if sorafenib fails. Many ongoing trials are 

evaluating the efficacy and feasibility of combined treatments 
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including locoregional and novel systemic modalities.20 Our 

reported case could contribute to the establishment of up-

dated optimization of multimodality therapeutic strategies 

including locoregional and systemic treatments, to improve 

the chances of curing intractable HCC cases.
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Supplementary Figure 1. HCC, hepatocellular carcinoma; IVC, the inferior vena cava; RA, right atrium; EBRT, external beam radiation therapy; 
TACE, transarterial chemoembolization; NED, no evidence of disease. 


