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Sorafenib was approved in Europe and the United 
States in 2007 [1, 2] and in Japan in 2009. Since its ap-
proval, molecular targeted therapy has extended survival 
in patients with unresectable hepatocellular carcinoma 
(HCC). This editorial describes how the use of sorafenib 
as monotherapy or as sequential therapy with other tar-
geted agents [3, 4] led to improved survival in patients 
with HCC.

Outcomes of Sorafenib Treatment between 2007 
and 2017: Survival before and after the Introduction 
of Sorafenib in Japan

In the 2019 International Liver Congress by the Euro-
pean Association for the Study of the Liver, Sensui et al. 
[5] reported that the introduction of sorafenib increased 
the survival rate of patients with advanced HCC. Specifi-
cally, the median overall survival (OS) of patients with 
advanced HCC was 9.1 months before the introduction 
of sorafenib (pre-sorafenib period: 2003–2008), and it did 
not change significantly in the period immediately fol-
lowing the introduction of sorafenib (period I: 2009–
2012) at 8.9 months; however, survival improved signifi-
cantly to 14.3 months in the subsequent 4 years (period 
II: 2013–2017) (Table 1) [5]. The best explanation for this 
trend is that adverse events were not managed effectively 
immediately after the introduction of sorafenib, resulting 
in a shorter treatment period that decreased its effective-
ness. Treatment duration was significantly shorter (2.5 
months) in period I (2009–2012) than in period II (4.4 
months) (2013–2017). This suggests that the manage-
ment of adverse events to sorafenib improved with in-
creased clinical experience, leading to a longer treatment 
duration that contributed to longer survival in advanced 
HCC. The increase in the median duration of sorafenib 
therapy and survival was more substantial between 2013 

Editor Liver Cancer

Prof. M. Kudo

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.



KudoLiver Cancer 2021;10:1–92
DOI: 10.1159/000514194

and 2017, when strategies for managing adverse events 
were being established, than in the period before and after 
the introduction of tyrosine kinase inhibitor therapy.

Treatment Outcomes for Sorafenib in 2007–2017: 
Studies from outside Japan

Raoul et al. [6] reported the median OS results for pe-
riod I (2007–2012) and period II (2013–2017). These au-
thors found that median OS was 8 months for period I 
and 12 months for period II, demonstrating a clear im-
provement in survival (Table 1).

The median OS of patients who achieved disease con-
trol was also markedly better from 2013 to 2017 than from 
2007 to 2012 (27 vs. 13 months; Table 1), and the median 
OS of patients with progressive disease was a short  
7 months for both periods (Table 1). Raoul et al. [6] iden-
tified factors that contribute significantly to survival in a 
multivariate analysis, including 188 patients with ad-
vanced HCC treated with sorafenib between 2007 and 
2017. These factors are Child-Pugh grade A, alpha-feto-
protein (AFP) ≤200 ng/mL, absence of vascular invasion, 

and treatment between 2013 and 2017 (hazard ratio [HR], 
0.66; 95% confidence interval [CI], 0.44–1.00; p = 0.05) 
(Table 2).

Tovoli et al. [7] reported similar results in a study that 
compared outcomes between 2008 and 2012 (period I) 
and 2013 and 2017 (period II). There were no significant 
imbalances in patient characteristics. The median OS of 
patients with advanced HCC treated with sorafenib was 
significantly better in period II than in period I (12.0 vs. 
11.0 months; HR, 0.694; 95% CI, 0.547–0.88; p = 0.003) 
(Table 1). Similar to Raoul et al. [6], Tovoli et al. [7] per-
formed subgroup analyses in patients who achieved dis-
ease control and patients with progressive disease. The 
median OS improved between periods I and II in patients 
who achieved disease control (19.5 vs. 21.5 months; HR, 
0.649; 95% CI, 0.468–0.900; p = 0.010), whereas it did not 
differ significantly between periods I and II in patients 
with progressive disease (5.8 vs. 7.0 months; HR, 0.862; 
95% CI, 0.610–1.219; p = 0.402) (Table 1).

These 2 studies showed exactly the same results. First, 
survival clearly improved after 2013, when effective man-
agement of adverse reactions to sorafenib was achieved 
through the development of appropriate treatment strat-

Table 1. OS and DC in patients who received systemic therapy according to treatment period

Author Year Pre-sorafenib Period I Period II HR (95% CI) p value

Sensui et al. [5] (n = 587) 2019 n = 116 n = 236 n = 235
OS, M (95% CI) 9.1 (7.1–11.2) 8.9 (6.8–10.9) 14.3 (9.0–19.6) 0.007
DOT, M (95% CI) 0.7 (0.04–1.4) 2.5 (2.2–2.9) 4.4 (2.4–6.4) 0.001

Raoul et al. [6] (n = 188) 2019 n = 65 n = 123
OS, M (95% CI) 8 (6–11) 12 (9–15) 0.0020
DC (n = 40), M (95% CI) 13 (8–15) 27 (18–44) 0.0001
PD (n = 112), M (95% CI) 7 (5–9) 7 (6–9) 0.7143
DOT, M 4.3 5.9 0.01

Tovoli et al. [7] (n = 338) 2019 n = 154 n = 184
OS, M (95% CI) 11.0 (9.0–13.2) 12.0 (9.1–14.9) 0.694 (0.547–0.880) 0.003
2yr SR, % 18.4 28.1 0.003
DC, M 19.5 (14.6–24.4) 21.5 (16.9–26.1) 0.649 (0.468–0.900) 0.009
PD, M 5.8 (4.8–8.8) 7.0 (5.2–8.9) 0.862 (0.610–1.210) 0.402
DOT, M 4.1 5.8 0.021
mDD, mg/day 560 425 <0.001

Period Sensui et al. [5] Raoul et al. [6] Tovoli et al. [7]

Pre-sorafenib 2003–2008
Period I 2009–2012 2007–2012 2008–2012
Period II 2013–2017 2013–2017 2013–2017

OS, overall survival; DC, disease control; HR, hazard ratio; CI, confidence interval; PD, progressive disease; DOT, duration of treat-
ment; mDD, median daily dose; 2yr SR, 2-year survival rate.
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egies. Second, even survival in patients who achieved dis-
ease control improved from period I to period II. Tovoli 
et al. [7] performed a landmark analysis comparing 12 
and 24 month survival curves between periods I and II. 
The HR for OS was consistent between the 12 month 
(HR, 0.529; 95% CI, 0.330–0.770; p = 0.001) and 24 month 
(HR, 0.488; 95% CI, 0.271–0.882; p = 0.017) curves, thus 
demonstrating the robustness of the data.

Tovoli et al. [7] explain that one reason for the im-
proved median OS in period II compared with period I 
was the significantly higher rate of dose reduction in pe-
riod II (86.4 vs. 75.3%), as well as the significantly higher 
rate of dose reduction to 400 mg (86.4 vs. 75.3%) or to 200 
mg (35.2 vs. 18.2%) (Table 3) [7].

Other major reasons for the improved OS were that 
progressive disease and hepatic failure were consistent 
factors leading to discontinuation of sorafenib in both 2 
periods, but the rate of intolerance to sorafenib decreased 
significantly from 20.8 to 9.4% (Table 4). In other words, 
improving the management of sorafenib-related adverse 
events decreased the number of patients who discontin-
ued treatment due to adverse events. Factors identified as 
poor prognostic factors in the multivariate analysis were 
(1) Child-Pugh grade B, (2) poor performance status, (3) 
presence of macrovascular invasion, (4) AFP ≥400 ng/

mL, (5) absence of hand-foot-skin reaction, and (6) un-
dergoing sorafenib treatment during period I (HR, 0.728; 
95% CI, 0.581–0.937; p = 0.013) (Table 5).

Multi-Drug Sequential Therapy

Sequential therapy with 2 or more drugs was shown 
to improve survival in several studies. In the RESORCE 
trial, survival after sequential therapy with sorafenib and 
regorafenib was 26 months [8]. Real-world clinical data 

Parameters OR (95% CI) p value

Child-Pugh, A versus B 1.82 [1.07–3.10] <0.03
Bilirubin, ≤18.3 versus >18.3 μmol/L 0.84 [0.55–1.31] 0.44
Albumin ≤33 versus >33 g/L 1.02 [0.65–1.59] 0.95
AFP, ≤200 versus >200 ng/mL 2.03 [1.34–3.07] <0.001
PS, 0 versus 1 1.46 [0.96–2.21] 0.07
Vascular invasion, yes versus no 1.54 [1.00–2.37] <0.05
Metastases, no versus yes 0.78 [0.42–1.47] 0.44
Period of treatment, 2007–2012 versus 2013–2017 0.66 [0.44–1.00] 0.05

Bold type denotes statistical significance. AFP, alpha-fetoprotein; PS, performance sta-
tus. Modified from Ref. [6].

2008–2012 
period (n = 154)

2013–2017 
period (n = 184)

p value

Dose reduction to 400 mg/day 113 (75.3) 157 (86.4) 0.009
Re-escalation to 800 mg/day 34/113 (30.2) 35/157 (22.0) 0.341
Dose reduction to 200 mg/day 21 (18.2) 56 (35.2) <0.001
Re-escalation to 400 mg/day 15/21 (71.4) 34/56 (60.7) 0.691

Data are expressed as frequencies (percentage). Modified from Ref. [7].

Table 4. Reasons for sorafenib discontinuation according to 
treatment period

Reason for  
discontinuation

2008–2012 
period (n = 154)

2013–2017 
period (n = 180)

p value

Progression 98 (63.6) 129 (71.7) 0.127
Intolerance 32 (20.8) 17 (9.4) <0.001
Liver failure 20 (13.0) 26 (14.4) 0.752
Other 4 (2.6) 8 (4.4) 0.557

Four patients are still receiving sorafenib in this group. Cited 
from Ref. [7].

Table 2. Prognostic factors in patients 
who received sorafenib treatment during 
2007–2017: multivariate analysis (n = 188)

Table 3. Dose reduction status due to 
adverse events during sorafenib treatment 
by treatment period
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Table 5. Prognostic factors in patients with HCC who received sorafenib treatment: uni- and multivariate analyses

Variable Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age >70 years 1.190 0.834–1.699 0.337
Male gender 1.034 0.815–1.311 0.784
Viral etiology 1.011 0.722–1.300 0.733
Time since first HCC diagnosis >12 months 0.888 0.789–1.000 0.049 0.723
Child-Pugh B status (0 vs. 1) 2.638 1.751–3.972 <0.001 2.093 1.364–3.211 0.0001
Performance status (0 vs. 1) 1.651 1.287–2.118 <0.001 1.357 1.043–1.765 0.023
Macrovascular invasion 1.770 1.373–2.282 <0.001 1.722 1.331–2.622 <0.001
Extrahepatic spread 1.250 0.989–1.584 0.095 0.111
AFP ≥400 ng/mL 1.486 1.147–1.924 0.003 1.328 1.024–1.724 0.033
Dermatological adverse events 0.562 0.436–0.725 <0.001 0.624 0.482–0.808 <0.001
Period of treatment (2013–2017 vs. 2008–2012) 0.694 0.547–0.880 0.003 0.728 0.581–0.937 0.013

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval. Modified from Ref. [7].

Table 6. Profiles of patients eligible for sequential therapy after sorafenib

Author; journal Patients Percent of 
candidates for 
second-line 
therapy*

Percent of 
regorafenib 
candidate**

Contributing factor to second-
line therapy

Ogasawara et al. [13]; Invest New 
Drugs. 2018; 36(2):332–9

185 cases
CP-A, PS 0–1
Sorafenib 800 mg

70% 45.7% CP score 5
PS 0

Kuzuya et al. [14]; Hepatol Res. 2019; 
49(9):1054–65

103 cases (excluding 
discontinuation due to AE)
CP-A, PS 0–1
Sorafenib starting dose N/A

57.3% 46.6% CP score 5
MVI (−)

Uchikawa et al. [15]; Hepatol Res. 
2018; 48(10):814–20

147 cases (excluding 
discontinuation due to AE)
CP-A, PS 0–1
Sorafenib 800 mg

50.3% 30.6% Alb >3.5 g/dL
MVI (−)

Terashima et al. [16]; Hepatol Res. 
2018; 48(12):956–66

125 cases
CP-A 72%
PS 0 86.4%
Sorafenib 800 mg

na 36% CP score 5, AST <40 IU/L
MVI (−)

Yukimoto et al. [17]; JJCO. 2019; 
49(1):42–47

138 cases (excluding 
discontinuation due to AE)
CP-A 85.5%
Sorafenib starting dose N/A

na 44.2% ALBI score < −2.53

Takeda et al. [18]; Cancers. 2019; 
11(9):1256

190 cases
CP-A, PS 0–1
Sorafenib starting dose N/A

na 29% Alb > 3.7 g/dL
ALBI score < −2.33
⊿Alb < −0.2 g/dL at 4 week
⊿ALBI score < 0.255 at 4 week

* Patients who fulfilled Child-Pugh A and PS ≤ 1 at the PD on sorafenib. ** Patients who fulfilled Child-Pugh A liver function,  
PS ≤ 1, and tolerable to sorafenib at the PD on sorafenib. CP score, Child-Pugh score; MVI, Macrovascular invasion; ALBI score, Albu-
min-Birilbin score; N/A, not available. Bold type denotes important findings.
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from many studies were recently published. Ogasawara 
et al. [9] found that the median OS was not reached from 
the start of sorafenib treatment and was a long 17.3 
months from the start of regorafenib treatment. One 
factor that explains this finding is that patients who re-
ceived sorafenib and regorafenib were later treated with 
lenvatinib. The median OS was not reached from the 
start of regorafenib treatment in 17 patients who later 
received lenvatinib, whereas it was 8.7 months from the 
start of regorafenib treatment in 20 patients who were 
not treated with lenvatinib. In addition, from the start of 
sorafenib treatment, median OS was not reached in the 
17 patients who later received lenvatinib and was 17.3 
months in the 20 patients who did not (p < 0.001). These 
findings demonstrate that molecular targeted therapy 
with sorafenib, regorafenib, and lenvatinib is highly ef-
fective and extends survival. Hiraoka et al. [10] from the 
Real-life Practice Experts for HCC (RELPEC) Study 
Group reported similar results in 84 patients: the me-
dian OS was a long 46.4 months from the start of first-
line therapy. That study investigated the efficacy of 
2-drug sequential therapy with sorafenib followed by 
lenvatinib (n = 48) as well as 3-drug sequential therapy 
with sorafenib followed by regorafenib and then lenva-
tinib (n = 31), providing further evidence that lenvatinib 
markedly extends survival when used in second- and 
third-line therapy.

Hiraoka et al. [10, 11] also showed that OS from the 
start of treatment is strongly correlated with the total du-
ration of treatment with multiple agents. The total dura-
tion of treatment with tyrosine kinase inhibitors in se-
quential therapy is significantly correlated with OS when 
lenvatinib is the last-line therapy.

Wang et al. [12] also reported a long median OS from 
the start of regorafenib treatment, which was 12.4 months 
in 38 patients, and the percentage of patients who re-
ceived post-regorafenib therapies after stopping rego-
rafenib due to disease progression was high at 86.4% (n = 
22). Among 14 patients who received lenvatinib as third-
line (n = 10) or fourth-line (n = 4) therapy, the response 
rate to lenvatinib was 42.9% and the disease control rate 
was 85.7%, demonstrating that lenvatinib is effective as 
third- and fourth-line therapy as well. These findings in-
dicate that multi-drug sequential therapy with last-line 
lenvatinib has a marked impact on survival.

Several studies have investigated the patient groups 
that would benefit the most from multi-drug sequential 
therapy after sorafenib. Favorable indicators identified 
include a good Child-Pugh score (5 points), high albumin 
level (≥3.5 g/dL), and a good albumin-bilirubin (ALBI) 
score (either ≤ −2.53 or ≤ −2.33), indicating that good 
liver function is the most important key factor. Absence 
of vascular invasion is another good prognostic factor 
that has been identified in clinical practice in Japan (Ta-
ble 6) [13–18]. Data from a 3-center study show that 65.8–
78.4% of patients would be good candidates for second-
line therapy after sorafenib if the conditions for sorafenib 
introduction were more strict, and a particularly high 
40.5–45.7% of these patients would be candidates for 
regorafenib (Table 7) [13–15].

Studies from outside Japan show similar results. A 
study of patients who underwent multi-drug  sequential 
therapy between 2014 and 2019 reported a median OS of 
35 months, and patients received up to 5 lines of therapy 
[19]. In this study, lenvatinib was also frequently used as 
second-line (12.9%) and third-line (10.5%) therapy. 
These results further demonstrate the importance of 

Author Condition for 
sorafenib 
introduction

Percent of 
candidates for 
second-line 
treatment,* %

Percent of 
regorafenib 
candidate,** %

Ogasawara et al. [13] CP score 5 78.4 45.7

Kuzuya et al. [14] CP score 5 72.4 46.6

Uchikawa et al. [15] MVI (−) and 
Alb >3.5 g/dL

65.8 40.5

* Patients who fulfilled Child-Pugh A and PS ≤ 1 at the PD on sorafenib. ** Patients 
who fulfilled Child-Pugh A liver function, PS ≤ 1, and tolerable to sorafenib at the PD on 
sorafenib. CP score, Child-Pugh score; MVI, Macrovascular invasion; PS, performance 
status; PD, progressive disease.

Table 7. Conditions for high second-line 
treatment rate at the time of sorafenib 
initiation
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multi-drug sequential therapy with lenvatinib as second- 
and third-line treatment for extending survival in ad-
vanced HCC. In that study, important patient factors 
leading to successful sequential therapy were good liver 
function, ≤3 tumors, AFP ≤200 ng/mL, absence of vascu-
lar invasion, and Barcelona Clinic Liver Cancer (BCLC) 
stage B (Table 8).

Thus, because lenvatinib [20] is still effective in later-
line therapy, sequential therapy with sorafenib followed 
by regorafenib and then lenvatinib, or with sorafenib fol-
lowed by lenvatinib, is effective in patients with good liv-
er function and nonaggressive disease, as evidenced by 
the absence of vascular invasion and low AFP.

A recent multicenter research group study by Ko-
bayashi et al. [21] compared OS after sequential therapy 
over 3 periods (Table 9). In period I, from 2009 to 2012, 
sorafenib was used as monotherapy only; in period II, 
from 2013 to 2016, and period III, from 2017 to 2019, 

regorafenib and lenvatinib were added as muti-drug se-
quential therapy in some patients. The median OS was 
10.4 months in period I, 11.3 months in period II, and 
15.2 months in period III, showing a trend toward longer 
survival over time (Table 9).

Subgroup analysis in 582 patients with BCLC-C ad-
vanced-stage HCC also showed significant improvement 
in survival over time, from 8.7 months in period I to 10.8 
months in period II, and then 13.3 months in period III 
(Table 9). Many different drugs were incorporated into 
therapy in period III, which suggests that sequential ther-
apy was a critical factor for extending survival.

Future Direction of Multi-Drug Sequential Therapy

Recently, atezolizumab plus bevacizumab combina-
tion immunotherapy has been approved to treat unre-
sectable HCC worldwide based on the results of IM-
brave150 trial, in which the better OS and PFS by this 
combination therapy over sorafenib were demonstrated 
[22]. Therefore, first-line systemic therapy in HCC would 
be replaced by atezolizumab plus bevacizumab combina-
tion therapy instead of lenvatinib or sorafenib (Fig. 1). 
Subsequently, lenvatinib and sorafenib will be the sec-
ond-line agents and other agents (regorafenib, ramuci-
rumab, and cabozantinib) will be the third-line agents 
(Fig. 1). Recently, Aoki et al. [23] published very interest-
ing data. Lenvatinib treatment following failure of im-
mune checkpoint inhibitor (ICI) therapy provides very 
promising efficacy in terms of ORR (mRECIST), DCR 
(mRECIST), PFS and OS (from the first-line ICI therapy) 
which were 55.6%, 86.1%, 10.0 months (95% CI, 8.3–
11.8), and 29.8 months (95% CI, 25.3–34.4).

The reason for these favorable results can be attributed 
to the following 2 points. First, anti-VEGF activity of len-
vatinib improved the tumor microenvironment (TME) 
from immune suppressive to immune permissive during 
the durable binding activity of ICI to CD8+ T cells for sev-
eral months [24]. Thus, exhausted T cell will be restored 
both by PD-1/PD-L1 blockade and improvement of TME. 
Second, it is reported that HCC with WNT/β-catenin 
mutation is classified into immune cold tumor and there-
fore does not respond to ICI therapy [25, 26]. However, 
it is reported that WNT/β-catenin mutation correlate 
very well with increased expression of FGFR4 [27], and 
therefore, high response rate and favorable PFS in HCCs 
with high expression of FGFR4 are obtained [27] because 
lenvatinib has a strong inhibitory effect of FGFR4 signal-
ing pathway [28].

Table 8. Characteristics of patients who received sequential therapy

Characteristics 1 line ≥2 lines p value

n % n %

CPS
A 20 42.6 43 75.4

0.003B 25 53.2 13 22.8
C 2 4.3 1 1.8

ALBI
A 10 15.6 26 40.6

0.001B 44 68.8 37 57.8
C 10 15.6 1 1.6

Lesions, n
1 15 19.7 10 15.4

<0.0012 9 11.8 10 15.4
3 9 11.8 31 47.7

>3 43 56.6 14 21.5
AFP

≥200 μg/L 34 45.9 15 24.2 0.008≤200 μg/L 40 54.1 47 75.8
Vascular invasion

Yes 53 63.1 24 35.3 0.001No 31 36.9 44 64.7
BCLC

0 0 0 0 0.0

<0.001
A 0 0 0 0.0
B 0 0 16 25.0
C 66 97.1 47 73.4
D 2 2.9 1 1.6

CPS, Child-Pugh score; ALBI, albumin-bilirubin; AFP, alpha-
fetoprotein; BCLC, Barcelona Clinic Liver Cancer. Pearson’s χ2 
test for categorical variables. Wilcoxon test for continuous data. 
Modified from Ref. [19].
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Considering these favorable effects of Lenvatinib after 
failure of ICI therapy, it is suggested that after failure of 
atezolizumab plus bevacizumab, lenvatinib will be the 
first choice of second-line treatment. After lenvatinib, 
there are many combination of possible sequential thera-
pies (Fig. 1). At the present, however, it is difficult to de-
termine which sequencing will be the best choice. This 
clinical question must be solved in the real-world practice 
setting or prospective registration study such as the 
PRISM study (UMIN 000040488).

Conclusion

Real-world data from many different studies show that 
(1) survival in advanced HCC has undoubtedly improved 
with the introduction of molecular targeted therapy 
sorafenib and the experience in managing adverse events; 
(2) sequential therapy combining multiple drugs has im-
proved survival in patients with advanced HCC by adding 
further lines of treatment (second, third, and fourth) to 
previous monotherapy [29, 30]; and (3) when performing 
muti-drug sequential therapy, it is important to start sys-

Table 9. Impact of treatment period on OS in patients who received systemic therapy

Author Period I (2009–2012) Period II (2013–2016) Period III (2017–2017)

N 267 352 258

Kobayashi K et al. [21] OS (all patients), M 10.4 11.3 15.2 p = 0.016
(n = 877), M
OS (advanced stage), M 8.7 10.8 13.3 p = 0.021
(n = 582)

Number of MTAs 1 264 (99%) 316 (90%) 148 (57%)
2 2 (0.7%) 30 (9%) 69 (27%)
3 1 (0.3%) 6 (1%) 39 (15%)
4 0 0 2 (1%)

OS, overall survival; MTA, molecular targeted agent. Modified from Ref. [20].

1st line treatment

Atezolizumab
+

Bevacizumab

2nd line treatment

Sorafenib

Lenvatinib

3rd line treatment

Regorafenib

Ramucirumab

Cabozantinib*

Lenvatinib

Sorafenib

Lenvatinib

Cabozantinib*

Ramucirumab

Regorafenib

(Disease progression
with Sorafenib,

tolerance to Sorafenib)

(AFP ≥ 400 ng/mL)

(AFP ≥ 400 ng/mL)

(Lenvatinib naïve group)

Sequential systemic therapy in HCC: 2020 and beyond

Fig. 1. Sequential systemic therapy in HCC: 2020 and beyond. HCC, hepatocellular carcinoma; AFP, alpha-feto-
protein.
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temic therapy when the patient shows a good disease con-
dition, namely, ALBI grade 1, a Child-Pugh score of 5, no 
vascular invasion, and low AFP levels. Lastly, it should be 
emphasized that avoiding the overuse of transarterial 
chemoembolization (TACE) helps to extend survival be-
cause overuse of ineffective TACE reduces liver function 
in patients with intermediate-stage HCC, and subse-
quently, many patients will not be eligible for systemic 
therapy [31–38].

In order to avoid the deterioration of liver function by 
repeated TACE, concept of TACE unsuitability has been 
proposed and published by the APPLE Association as an 
“APPLE Consensus Statement on Treatment Strategy in 
Intermediate-Stage HCC” [37]. This concept was estab-
lished based on the concept of TACE failure/refractori-
ness proposed by the Japan Society of Hepatology [39], 
but “concept of TACE unsuitability” by APPLE Consen-
sus was further refined to preserve liver function by 
avoiding ineffective/unnecessary TACE procedure in pa-
tients who easily become TACE failure/refractoriness.
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