
Abstract. Background/Aim: The purpose of this study was
to determine changes in the hepatic arteries after treatment
with a molecular targeted agent (MTA), and evaluate the
safety and efficacy of transarterial chemoembolization
(TACE) as a post-MTA treatment in patients with
hepatocellular carcinoma (HCC). Patients and Methods: The
cases of 33 patients with intermediate HCC treated with
MTA and TACE were studied retrospectively. The hepatic
arteries, and the safety and efficacy of TACE were evaluated
before and after MTA treatment. Results: Following long-
term MTA treatment, the diameters of hepatic arteries
decreased significantly, while there was no difference in the
diameters of the splenic artery or the portal vein. No
significant adverse events were observed due to TACE after
MTA; however, the therapeutic effect of TACE was limited
after MTA treatment. Conclusion: This study demonstrated
that the diameters of hepatic arteries were significantly
smaller than those before MTA induction, suggesting
ischemic effects and tumor vessel “normalization” by MTA
treatment. Although TACE can be performed as a post-MTA
treatment without lowering the hepatic reserve or causing
serious complications, its therapeutic effect is limited.

The clinical importance of molecular targeted agents (MTA)
for the treatment of hepatocellular carcinoma (HCC) is
rapidly increasing, and it is widely recommended as a

standard treatment not only for HCCs with vascular invasion
or distant metastasis, but also for HCCs that are refractory
to transarterial chemoembolization (TACE) (1). Among
MTAs currently available for HCC, sorafenib targets
vascular endothelial growth factor (VEGF) and platelet-
derived growth factor receptor (PDGFR), while lenvatinib
targets vascular endothelial growth factor receptor (VEGFR).
Therefore, both are known to exhibit antitumor effects by
suppressing angiogenesis in the tumor (2).

By suppressing tumoral angiogenesis, MTA treatment is
expected to “normalize” blood vessels by modifying interstitial
pressure and vascular permeability (3, 4). Therefore, enhanced
therapeutic effects of TACE post-MTA treatment are expected.
However, there are no reports on changes in blood flow to the
liver after long-term MTA treatment or the therapeutic effect
of TACE on HCC after MTA treatment. 

The purpose of this study was to determine (i) changes in
the hepatic arteries after long-term MTA treatment, and (ii)
the safety and efficacy of TACE as a post-MTA treatment.

Patients and Methods

From August 2011 to August 2020, 261 patients with HCC were treated
with MTAs at the Nagoya University Hospital, Aichi, Japan. Among
them, 59 patients were treated with MTA for TACE-refractory HCC,
and TACE was reintroduced in 33 patients due to tumor progression
after MTA treatment. Among the latter group of patients, 26 patients
were treated with sorafenib, and 7 patients were treated with lenvatinib.
The average MTA treatment period prior to the reintroduction of TACE
was 516 (14-2411) days. The average age of these patients was 68.8
(44-89) years. In the same group, all patients were classified as having
Barcelona Clinic Liver Cancer (BCLC) stage B. We compared the
diameters of hepatic arteries before and after MTA treatment. Since
patients were reintroduced TACE due to tumor progression, the
diameters of hepatic arteries were also evaluated at the time when best
MTA tumor response was achieved. The safety and efficacy of TACE
were evaluated before and after MTA administration. 

Contrast-enhanced computed tomography was performed prior to
each TACE procedure. To analyze the vascular changes, the
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maximum cross-sectional diameters of the blood vessels were
measured using images acquired during the arterial and portal vein
phases. Measurements were made individually by two
gastroenterologists. TACE after MTA treatment was performed
according to standard procedures (5, 6), typically after 3-7 days of
MTA withdrawal. The safety of TACE was evaluated using the
Common Terminology Criteria for Adverse Events v5.0 (CTCAE
v5.0). Tumor markers and Child-Pugh Score (CPS) were evaluated
before, 1 week after, and 1 month after each TACE procedure. The
level of statistical significance was set at p<0.05. All statistical
analyses were performed using GraphPad Prism (version 8.4.3).
This study was a retrospective study and was approved by the
Ethics Committee of Nagoya University Hospital (2019-0031).

Results
Following long-term MTA treatment (average=516 days), the
diameters of hepatic arteries, from the common hepatic
artery to the peripheral arteries, were significantly smaller
than those before MTA treatment (Figure 1A-E). On the
other hand, no difference was observed in the diameters of
the splenic artery or portal vein (Figure 1F and G).
Importantly, same changes were also observed at the time
when best MTA tumor response was achieved (average 57
days) (Figure 1C-G). These results imply that after MTA
treatment, the diameters of hepatic arteries relatively
decreased due to tumor ischemia and "normalization" of
tumor blood vessels in the liver.

Regarding the efficacy of TACE after MTA, there were no
decreases in alpha fetoprotein (AFP) levels or in des-gamma-
carboxy prothrombin (DCP) after the treatment (Figure 2A and
B). CPS before TACE was mildly elevated (0.7), even with
tumor progression after long-term MTA treatment (Figure 2C).
The increase in CPS after TACE was greater when it was
performed after MTA compared to that before MTA (0.5 vs.
0.9), but the CPS returned to baseline one month after TACE
(Figure 2C). The adverse effects of TACE before MTA were
cholangitis (Grade 3) in 1 case, cholecystitis (Grade 3) in 2
cases, fever (Grade 3) in 1 case, and localized peritonitis
(Grade 3) in 1 case. Meanwhile, the adverse effects of TACE
after MTA were ascites (Grade 3) in 1 case, and cholangitis
(Grade 3) in 2 cases. No other serious complications were
observed for both, TACE before MTA and TACE after MTA. 

Discussion

Following long-term MTA treatment, the diameters of
hepatic arteries were smaller than those before MTA
induction, while there was no difference in the diameters of
the splenic artery or the portal vein. The increase in CPS was
minimal, even with tumor progression after long-term MTA
treatment in patients with TACE-refractory HCC. Although
the therapeutic effect of TACE after MTA treatment was
limited, it can be performed without lowering the hepatic
reserve or causing serious complications. 

The decrease in the diameters of hepatic arteries has
previously been reported as a vascular change due to
combined treatment of TACE and sorafenib (7). They
concluded that combination therapy with TACE and
sorafenib may reduce serum VEGF and inhibit angiogenesis.
Notably, they did not observe the same hepatic arterial
changes in patients treated with TACE alone. In contrast, we
found that the diameters of the common hepatic artery and
further peripheral arteries were smaller after MTA
administration alone. These results may suggest that MTA
treatment induces tumor ischemia and “normalization” of
tumor vessels, resulting in a relative decrease in blood flow
to the liver. The expected effects of VEGF inhibitor
administration are “normalization” of abnormal tumor blood
vessels by maintaining a balance of suppression and
promotion of angiogenesis in the tumor, modification of
intra-tumoral interstitial pressure, and changes in vascular
permeability (3, 4). Thus, we hypothesized that through these
vascular changes in the tumor, the efficiency of TACE may
be enhanced. However, this study showed that the
therapeutic effect of TACE was limited after MTA treatment.
This might be because TACE was performed upon tumor
progression after MTA treatment.

Recent advances in MTA treatment have improved the
prognosis of patients with advanced hepatocellular
carcinoma (8-10). However, the use of MTAs in treatment is
limited due its various adverse effects. This suggests the
importance of HCC care after MTA treatment. However, no
post-MTA treatment guidelines have been established thus
far. In this study, the effect of TACE as a post-MTA
treatment is limited and its effect on prognostic improvement
cannot be stated; however, it can be performed without
lowering hepatic reserve or causing serious complications.

This study has some limitations. First, the number of
patients was limited. Second, only patients who underwent
TACE were enrolled in this study. Third, this study had a
retrospective design because the presence of bias related to the
selection of patients for HCC treatment cannot be ruled out.

Conclusion

This study demonstrated that in post-MTA TACE treatment,
the diameters of hepatic arteries were significantly smaller
than those before MTA induction, due to ischemic effects
and tumor vessel “normalization” by MTA treatment in
patients with HCC. Although TACE can be performed post-
MTA treatment without serious complications, its therapeutic
effect is limited.
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Figure 1. Vascular changes before and after treatment with molecular targeted agents. Representative case of vascular change after treatment with
a molecular target agent (MTA). Images show angiographies performed prior to MTA treatment (A) and one year after MTA treatment (B). (C-G)
Bars represent the diameters of vessels before and after MTA treatment and at the time when best MTA tumor response was achieved. p-Values were
calculated using paired t-test with Bonferroni correction. BR, Best response; CHA, common hepatic artery; PHA, proper hepatic artery; RHA, right
hepatic artery; SA, splenic artery; PV, portal vein; ns, not significant; *p<0.05; **p<0.01.
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