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Abstract. Formulating sequential therapeutic strategies 
based on the pathological conditions of patients and by using 
molecular targeted agents (MTAs) and transcatheter arte‑
rial chemoembolization (TACE) is crucial for the treatment 
of unresectable advanced hepatocellular carcinoma (HCC). 
The current report presents the case of a patient with HCC 
involving a large intrahepatic primary tumor and lung metas‑
tases, and discusses treatment strategies for advanced HCC 
based on the current literature. Sequential therapy with MTAs 
was effective after TACE. Lenvatinib was effective for treating 
the metastases in the lungs and spleen. Only the progressing 
intrahepatic tumor was additionally treated with TACE. The 
patient has been alive for 3 years and continued lenvatinib treat‑
ment without HCC progression or decline in liver function. In 
conclusion, although multiple MTAs introduced into the clinic 
have been gradually replacing TACE, on‑demand TACE in the 
multidisciplinary treatment of advanced HCC may be effec‑
tive for intrahepatic hypervascular tumors resistant to MTAs, 

including lenvatinib. It may be possible to re‑initiate lenvatinib 
treatment with good efficacy against distant metastatic lesions, 
thereby contributing to long‑term survival.

Introduction

Liver cancer is the fifth most common cancer and second 
most common cause of cancer‑related fatalities worldwide (1). 
Hepatocellular carcinoma (HCC) accounts for approxi‑
mately 90% of primary liver cancers. HCC has one of the worst 
prognoses among cancers due to late diagnosis, resistance to 
chemotherapy, tumor recurrence, and metastasis (2). In HCC, 
vascular invasion or extrahepatic metastasis is considered as 
an advanced disease stage and is classified as stage C in the 
Barcelona Clinic Liver Cancer (BCLC) staging system (3). 
Although the expected median survival of patients with 
advanced HCC is 7‑9 months (4), the effectiveness of molec‑
ular targeted agents (MTAs), including sorafenib, lenvatinib, 
regorafenib, cabozantinib, and ramucirumab for treatment 
of advanced HCC has been reported, and these MTAs are in 
clinical use worldwide (1). The number of drugs for the treat‑
ment of advanced HCC is expected to increase in the future, 
and application of transcatheter arterial chemoembolization 
(TACE), a crucial treatment approach currently, is expected to 
decrease. However, TACE might be more effective in certain 
situations, for example, in cases of large HCC where MTAs 
cannot produce an immediate effect, or in cases of intrahepatic 
tumors resistant to multiple MTAs. Thus, it is important to 
formulate a sequential therapeutic strategy involving MTAs 
and TACE for advanced HCC based on the pathological condi‑
tion of the patient.

Here, we present a case of a patient with advanced HCC 
who had a large intrahepatic tumor along with extrahepatic 
metastases. Sequential therapy with MTAs was effective after 
the control of the large intrahepatic tumor through drug‑eluting 
beads (DEB)‑TACE. Lenvatinib was effective for the extra‑
hepatic metastases including those in the lungs and spleen. 
Conventional‑TACE (C‑TACE) was performed on demand for 
lenvatinib‑resistant intrahepatic radical tumors. This strategy 
prolonged the long‑term survival of the patient. Here, we 
discuss the effectiveness of a multimodal treatment strategy 
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including MTAs and TACE for long‑term survival in advanced 
HCC.

Case report

The patient was a 57‑year‑old Japanese woman with a history 
of hepatitis C virus infection. Thirteen years prior to this 
study, a sustained biological response was reported in her after 
successful treatment with peginterferon alfa‑2a. Although she 
showed no disease symptoms, a large mass was noted in the 
right lobe of the liver on abdominal ultrasonography performed 
at our hospital for screening. Contrast‑enhanced computed 
tomography (CE‑CT) examination revealed a tumor that was 
140 mm in diameter with an uneven high density in the early 
arterial phase (Fig. 1A). The tumor had a washout appearance in 
the delayed phase, mainly in the posterior segment (Fig. 1B). In 
addition, eight metastatic lesions up to 10 mm in diameter were 
detected in both lungs (Fig. 1C and D). The liver showed no 
signs of cirrhosis. The level of the tumor marker des‑γ‑carboxy 
prothrombin (DCP) was 63,589 mAU/ml, which was consid‑
ered to be remarkably high, whereas that of α‑fetoprotein 
(AFP) was 9 ng/ml, which was within the prescribed range. 
The clinical diagnosis was stage IVb hepatocellular carcinoma 
according to the Tumor‑Nodule‑Metastasis classification based 
on the criteria of the Liver Cancer Study Group of Japan (5). 
Laboratory data showed no significant abnormalities (Table I). 
The Child‑Pugh score was 5, which indicated that liver function 
was well maintained, and the Eastern Cooperative Oncology 
Group performance status (ECOG‑PS) score of the patient 
was 0. The carcinoma was classified as advanced stage C with 
extrahepatic metastasis according to the BCLC criteria, and 
the guidelines recommended systemic therapy, such as with 
MTAs, as the initial treatment. As the large primary tumor in 
the posterior segment of the liver was progressing rapidly and 
small lung metastases were observed, TACE was planned to 
suppress the growth of the large primary tumor.

First, DEB‑TACE with 82 mg epirubicin was performed 
for the large primary tumor in the liver. After 6 weeks, 
C‑TACE with 62 mg cisplatin was additionally performed for 
the surrounding residual lesion. Following the two sessions 
of TACE, DCP levels were almost normalized and CE‑CT 
revealed that most of the treated intrahepatic tumors were 
necrotic (Fig. 2A). Considering that growth suppression of 
the primary intrahepatic tumors was achieved, treatment with 
MTA was planned as a systemic therapy.

At 2 months post‑diagnosis (2 weeks after c‑TACE), serum 
transaminase decreased to normal levels, and liver reserve 
was completely restored. The patient was administered 
400 mg sorafenib daily, which was the only MTA approved 
in Japan as first‑line therapy for advanced HCC at that time. 
After initiating the sorafenib treatment, DCP levels, which had 
been almost normalized earlier, increased gradually. However, 
tumor assessment was performed via CE‑CT every 8 weeks to 
confirm disease progression.

At 1 year post‑diagnosis (10 months after initiation 
of sorafenib treatment), CE‑CT revealed an increased 
hyper‑enhancement at the site of the primary intrahepatic 
tumor in the early arterial phase, indicating tumor progression 
in the marginal area; however, the lung metastases showed no 
change relative to their states before the start of the treatment. 

Due to the progression of HCC, the patient discontinued 
sorafenib for two weeks, and she was administered 160 mg 
regorafenib daily for three weeks, followed by no drug admin‑
istration for one week.

At 1.5 years post‑diagnosis (6 months after initiation of rego‑
rafenib treatment), DCP levels increased slowly and were in the 
range of 357‑873 mAU/ml. Although no change was observed 
in the lung metastases on the CE‑CT, viable residual marginal 
lesions of the primary liver tumor progressed. In addition, new 
intrahepatic metastatic lesions 20 mm in size appeared in the 
S7 segment (Fig. 2B), and multiple metastases 10 mm in size 
were observed in the spleen (Fig. 2C). The therapeutic effect 
was evaluated as progressive disease based on the modified 
Response Evaluation Criteria in Solid Tumors (mRECIST) (6) 
and RECIST version 1.1 (v1.1) (7). At this point, there were 
no significant abnormalities in the laboratory parameters 
(Table I), and the clinical data showed that the Child‑Pugh 
score was 5 and the ECOG‑PS score was 0. Regorafenib was 
discontinued for two weeks, and the patient was administered 
8 mg of lenvatinib daily, which had just been approved for use 
in Japan. During the clinical course, the patient suffered from 
mild fatigue and anorexia equivalent to Grade 1 according 
to the Common Terminology Criteria for Adverse Events 
(CTCAE) v5.0 (8), with no serious adverse effects. Although 
DCP levels gradually increased from 1,045 to 1,734 mAU/ml 
over 2‑5 months, CE‑CT findings showed that the primary 
tumor in the posterior segment and that in the S7 segment 
changed from a high density to iso‑density in the early arterial 
phase, suggesting that lenvatinib could have a positive effect.

At 2.5 years post‑diagnosis (one year after initiating 
the lenvatinib treatment), DCP levels slightly decreased 
(918 mAU/ml). However, CE‑CT revealed that both intrahe‑
patic tumors had high density in the early arterial phase, and the 
tumor sizes had also increased (Fig. 2D). Notably, the lung and 
spleen metastases were downsized or disappeared on CE‑CT 
analysis. The intrahepatic metastases became more resistant to 
lenvatinib later in the course of the treatment, whereas lenva‑
tinib was effective against extrahepatic metastases even after 
1 year. After discontinuing lenvatinib for 2 weeks, C‑TACE 
with 70 mg of cisplatin was performed for both intrahepatic 
tumors, namely, the radical marginal lesions of the primary 
tumor in the posterior segment and the growing tumor in the S7 
segment. Two weeks after TACE, recovery of the liver function 
was confirmed, and lenvatinib administration was re‑initiated 
because previous lenvatinib treatment had been effective for 
extrahepatic metastases in the lungs and spleen. During the 
course of this treatment, the patient developed hypothyroidism 
equivalent to Grade 2 according to the CTCAE v5.0 due to 
lenvatinib; hence, oral levothyroxine was administered.

At 3 years post‑diagnosis (5 months after re‑initiation of 
lenvatinib treatment), the patient's DCP levels decreased to 
290 mAU/ml, and AFP was 9 ng/ml, which was considered 
to be within the prescribed range. CE‑CT revealed that the 
primary tumors in the posterior segment and S7 segment had 
downsized (Fig. 3A and B), and no obvious intrahepatic lesions 
or recurrence was observed. In addition, the extrahepatic 
metastases in the lungs and spleen remained undetectable 
(Fig. 3C and D). Since good liver function and good perfor‑
mance status were maintained, with a Child‑Pugh score of 5 
and ECOG‑PS score of 0, the lenvatinib treatment was 
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Table I. Laboratory data at the time of diagnosis and at the start of lenvatinib treatment.

Laboratory data Value at diagnosis Value at start of lenvatinib treatment

Biochemistry  
  Total protein, g/dl 7.2  6.8 
  Albumin, g/dl 4.7  4.0 
  Total bilirubin, mg/dl 0.4  0.5 
  Direct bilirubin, mg/dl 0.1  0.2 
  AST, U/l 28  21
  ALT, U/l 21  18 
  LDH, U/l 220  282 
  ALP, U/l 238  188 
  GGTP, U/l 91  31 
  BUN, mg/dl 14.8  15.3 
  Creatinine, mg/dl 0.58  0.64 
  Sodium, mmol/l 143  142 
  Potassium, mmol/l 3.6  4.3 
  Chloride, mEq/l 108  108 
  Cholinesterase, U/l 347  339 
  CRP, mg/dl 0.05  0.42 
Coagulation  
  PT, % 147 109
  APTT, sec 23.8  27.6 
  Fibrinogen, mg/dl 286  
  Antithrombin III, % 111 
  D‑dimer, µg/ml 2.1  
  FDP, µg/ml 5.9  
Hematology  
  White blood cells, /µl 4,120 4,400
  Red blood cells, x104/µl 410 344
  Hemoglobin, g/dl 12.5  10.9
  Platelet count, x104/µl 18.6 16.0
Endocrinology  
  TSH, µU/ml 3.240  2.560
  Free T3, ng/dl 2.96  2.45 
  Free T4, pg/ml 1.24  1.12 
Fibrosis markers  
  Hyaluronic acid, ng/ml 71.9  
  Type IV collagen, ng/ml 4.1  
Tumor markers  
  AFP, ng/ml 9  3 
  AFP‑L3, % 0.5 0.5
  DCP, mAU/ml 68,036  873 
Hepatic virus  
  HBs antigen (‑) 
  HBc antibody (‑) 
  HCV antibody (‑) 
  HCV‑RNA Undetected 

AST, aspartate transaminase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; GGTP, g‑glutamyl 
transpeptidase; BUN, blood urea nitrogen; CRP, C‑reactive protein; PT, prothrombin time; APTT, activated partial thromboplastin time; FDP, 
fibrinogen and fibrin degradation products; TSH, thyroid stimulating hormone; AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin; HBs, 
hepatitis B surface; HBc, hepatitis B core; HCV, hepatitis C virus.
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Figure 1. Contrast‑enhanced computed tomography findings at diagnosis. (A) The intrahepatic tumor was 140 mm in diameter and had an uneven high density 
in the early arterial phase, mainly in the posterior segment. (B) The primary tumor displayed a washout appearance in the delayed phase. (C) The largest 
metastatic lesion of 10 mm was found in the left lung. (D) A total of eight metastatic lesions up to 10 mm in diameter were found in both lungs. Red arrows 
indicate the primary lesion diagnosed as hepatocellular carcinoma, and yellow arrows indicate lung metastases.

Figure 2. Clinical course with all treatment regimens. (A) After two sessions of TACE, most of the treated intrahepatic tumor was necrotic. (B) At 1.5 years 
post‑diagnosis, new intrahepatic metastatic lesions 20 mm in size appeared in S7, and (C) multiple metastases 10 mm in size appeared in the spleen during 
regorafenib treatment. (D) At 2.5 years post‑diagnosis, the S7 lesion progressed in the early arterial phase, and the tumor size increased during lenvatinib 
treatment. Viable tumor growth was also observed around the primary tumor in the posterior segment. Red arrows indicate the primary lesion in the liver, 
yellow arrows indicate other intrahepatic metastases, and blue arrows indicate splenic metastases. TACE, transcatheter arterial chemoembolization; DEB, 
drug‑eluting beads; C, conventional; DCP, des‑γ‑carboxy prothrombin; AFP, α‑fetoprotein.
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continued till date (December 2020), without serious adverse 
effects during the course of treatment of 3 years.

Discussion

For unresectable advanced HCC, sequential therapy using 
multiple MTAs alongside TACE can confer long‑term 
survival. It is important to select an appropriate method from 
the multiple treatment options available and switch to the next 
option at an appropriate time to improve the prognosis. In 
addition to the many effective clinical applications of various 
MTAs worldwide (1), several clinical studies on the use of 
MTAs and immune checkpoint inhibitors (ICIs) are ongoing, 
and combination therapies with MTAs and ICIs are likely to 
play a central role in the treatment of advanced HCC (9).

For patients with HCC and extrahepatic metastases classified 
as stage C according to the BCLC staging system, administration 
of MTA as a systemic therapy is recommended. However, in the 
present case, the large primary tumor in the posterior segment 
of the liver progressed rapidly and small lung metastases were 
observed; therefore, TACE was performed for the large primary 
liver tumor to reduce its volume followed by sorafenib treat‑
ment. Sorafenib prolongs survival by suppressing tumor growth; 
however, reduction in tumor size cannot be expected, and the 
complete response rate is 3% (10,11). Therefore, even in cases of 
extrahepatic metastasis, prior treatment with TACE to downsize 
a large intrahepatic tumor is beneficial before administering an 

MTA such as sorafenib. In contrast, although lenvatinib has a 
better effect on tumor reduction than sorafenib (12), it has been 
reported to cause hemorrhage in the tumor through necrosis 
because of the rapid blockage of the feeding circulation. TACE 
before lenvatinib might prevent tumor hemorrhage and rupture 
in large HCC.

Maintaining good liver function is the most important factor 
in improving the long‑term prognosis of patients with HCC 
because all MTAs are only recommended for patients with 
good liver function. Losing further treatment opportunities with 
MTAs due to decreased liver function is detrimental to patients 
with HCC. Hence, excessive embolization causing widespread 
hepatic ischemia should be avoided during TACE treatment. To 
maintain liver function, it is important to perform contrast CT 
angiography with the catheter placed in the hepatic artery during 
TACE treatment and identify the exact location between the 
HCC and the feeding arteries to be treated. Selective catheter‑
ization of the tumor feeders and injection of embolic materials 
should be performed. DEB‑TACE, an endovascular treatment 
based on the use of microspheres to release chemotherapeutic 
agents within the target lesion, may downsize large intrahepatic 
tumors. As the antitumor drug loaded in DEB remains in the 
tumor at a high concentration and does not pass into the periph‑
eral blood, DEB‑TACE is less likely to cause adverse effects such 
as liver damage and post‑embolization syndrome compared to 
C‑TACE (13,14). In the present case as well, sequential therapy 
with MTAs, including sorafenib, regorafenib, and lenvatinib, 

Figure 3. Contrast‑enhanced computed tomography findings at 3 years post‑diagnosis. (A) The primary lesion in the posterior liver segment was downsized 
with no recurrence. (B) The intrahepatic lesion in the S7 was also downsized with no obvious intrahepatic tumors or recurrence. (C) The extrahepatic metas‑
tases in the lungs remained undetectable. (D) The metastases in the spleen also remained absent. Red arrows indicate the primary lesion in the posterior liver 
segment, and yellow arrows indicate other intrahepatic metastases.



OURA et al:  MULTIMODAL TREATMENT FOR ADVANCED HEPATOCELLULAR CARCINOMA6

could be continued while maintaining good liver function after 
selective DEB‑TACE.

Sorafenib, which prolonged the survival of patients with 
advanced HCC, was the first MTA used clinically and the only 
systemic chemotherapeutic drug indicated for HCC for a long 
time (11). In the later stages of the RESORCE and REFLECT 
trials, regorafenib (15) and lenvatinib, respectively, were found 
to be efficacious in patients with advanced HCC (12); these 
drugs were approved in Japan in 2017 and 2018, respectively. 
Shortly thereafter, the usefulness of other MTAs, such as 
ramucirumab and cabozantinib, was also demonstrated (16,17). 
Since the time when there were only classical treatments 
such as radiofrequency ablation, TACE, and hepatic arterial 
infusion chemotherapy, the medical treatment of HCC has 
dramatically changed due to the increase in treatment options.

Lenvatinib is a multi‑kinase inhibitor targeting vascular 
endothelial growth factor receptor (VEGFR) 1‑3, fibroblast 
growth factor receptor (FGFR) 1‑4, platelet‑derived growth factor 
receptor α, rearranged during transfection receptor, and tyro‑
sine kinase receptor, thereby suppressing neo‑vessel assembly 
and maturation, and decreasing the vascular permeability of the 
tumor microenvironment (18). In the REFLECT trial mentioned 
above, lenvatinib was shown to be equally effective as sorafenib. 
The overall survival of the patients treated with lenvatinib was 
similar to that with sorafenib (13.6 vs. 12.3 months). Notably, the 
antitumor effect of lenvatinib treatment vs. sorafenib treatment 
in mRECIST resulted in a response rate, disease control rate, 
and progression‑free survival of 40.6 vs. 12.4, 73.8 vs. 58.4%, 
and 7.3 vs. 3.6 months, respectively, showing that lenvatinib was 
significantly better than sorafenib (12). The high response rate 
of lenvatinib also promises a therapeutic strategy for conversion 
to resection, which is challenging with sorafenib. Among the 
adverse events after lenvatinib treatment, hypertension, urinary 
protein excretion, and hypothyroidism were more common, 
whereas hand‑foot syndrome and diarrhea were less frequently 
observed compared to treatment with sorafenib. It is important 
to understand the characteristics of each MTA and manage its 
adverse effects. In addition, lenvatinib has a stronger inhibitory 
effect on the angiogenic factors VEGFR1‑3 and FGFR‑1‑4 than 
sorafenib (19), and it is expected to strongly suppress angioge‑
netic factors that cause recurrence after TACE.

Drug resistance remains the major cause of failure in MTA 
therapy (20) and is an important issue when switching between 
MTAs. As in the present case, even though the strongest anti‑
tumor effects are observed when using multiple MTAs for 
advanced HCC, intrahepatic lesions, especially primary tumors, 
often show resistance to MTAs as indicated by a partial increase 
in size on CE‑CT analysis. It is necessary to understand the 
mechanisms underlying drug resistance. In general, tumor 
heterogeneity causes primary resistance and clonal evolution, 
eventually leading to drug resistance (21). According to recent 
findings, cancer stem cells are implicated in drug resistance and 
are the main factors associated with distant metastases through 
epithelial‑mesenchymal transition (EMT) (22). A study on 
patient‑derived sorafenib‑resistant, poorly differentiated thyroid 
cancer cells has revealed that lenvatinib alongside the histone 
deacetylase inhibitor HNHA blocks EMT through interference 
with FGFR signaling (23). Although the molecular mechanism 
involved in EMT regulation has not been fully elucidated, several 
studies focusing on EMT in stem cell models have indicated 

that both p21 and p53 activation play key roles in suppressing 
EMT (24). Although there are some reports on the efficacy of 
lenvatinib in a multidrug‑resistant setting, most patients also 
develop resistance to lenvatinib, particularly in cases of HCC. 
Although a few preclinical studies have highlighted the role of 
the c‑MET/PI3K/AKT cascade in thyroid cancer (25) and mTOR 
in renal cancer (26), the mechanism of lenvatinib resistance in 
HCC remains unclear.

The treatment options for HCC resistant to multiple MTAs 
are limited. In our case, TACE was performed on‑demand for 
the intrahepatic radical tumors that were resistant to multiple 
MTAs and was successful after lenvatinib treatment. Despite 
the current mainstream therapy with MTAs, on‑demand TACE 
is an effective treatment option for intrahepatic tumors resistant 
to sequential therapies with multiple MTAs. However, it should 
be noted that TACE might reduce liver function if a wide range 
of embolization or frequent procedures are performed (27). 
Currently, the available MTAs for HCC are recommended only 
for patients with good liver function, especially Child‑Pugh 
class A. To continue sequential treatment with MTA later, 
unnecessary repetition of TACE should be avoided to preserve 
liver function. In the present case, no progression of HCC was 
observed after re‑administration of lenvatinib. Furthermore, 
the patient is still alive, showing no severe adverse effects or 
decline in liver function. To the best of our knowledge, this 
is the first report showing the responsiveness of metastatic 
advanced HCC to re‑initiation of lenvatinib treatment after 
TACE, although the primary intrahepatic tumor had become 
resistant to initial sorafenib, regorafenib, and lenvatinib regi‑
mens. However, one limitation is that multimodal treatment 
of advanced HCC is often based on the experience of the 
attending doctor, and the strategy differs depending on the case 
and medical institute. There is still ambiguity on many factors, 
such as the timepoints to change the treatment course and to 
re‑initiate MTA treatment after TACE. Therefore, it is neces‑
sary to accumulate evidence over long periods, including MTA 
treatment periods, in future studies.

In conclusion, although multiple MTAs introduced into 
the clinic have been gradually replacing TACE, TACE can 
improve the multimodal treatments for advanced HCC. 
In particular, on‑demand TACE in the multidisciplinary 
treatment of advanced HCC is effective for intrahepatic hyper‑
vascular tumors resistant to MTAs, including lenvatinib. By 
performing on‑demand TACE with adequate precautions to 
preserve liver function, it is possible to re‑initiate lenvatinib 
treatment with good efficacy against distant metastatic lesions, 
thereby contributing to long‑term survival.
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