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Abstract
Background: The aims of this study were to evaluate the efficacy of additional treatment, es-
pecially lenvatinib-transarterial chemoembolization (TACE) sequential therapy, for unresect-
able hepatocellular carcinoma (HCC). Methods: Consecutive 56 patients who underwent len-
vatinib treatment were reviewed. Oncological aggressiveness of tumor was estimated using 
a dynamic CT enhancement pattern classification, and clinical impact of subsequent treatment 
was investigated through analysis of progression-free survival (PFS), post-progression sur-
vival (PPS), and multivariate analysis of potential confounders for survival after progression 
during lenvatinib therapy. Results: Heterogeneous enhancement patterns (Type-3 and -4), 
which are reportedly associated with higher oncological aggressiveness of HCC, were associ-
ated with better objective response to lenvatinib compared to homogeneous enhancement 
pattern (Type-2) (86 and 85% vs. 53% in modified Response Evaluation Criteria in Solid Tu-
mors), resulting in similar PFS (p = 0.313). Because of significantly worse PPS, overall survival 
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of Type-4 tumor was poor compared to Type-2 or -3 tumors (p = 0.009). However, subgroup 
of patients who achieved subsequent treatment showed significantly better PPS, regardless 
of CT enhancement pattern. Multivariate analysis confirmed that use of lenvatinib-TACE se-
quential treatment after progression during lenvatinib therapy was associated with better PPS 
(hazard ratio [HR], 0.08; 95% CI, 0.01–0.71; p = 0.023), while Type-4 enhancement pattern was 
correlated with worse PPS (HR, 2.92; 95% CI, 1.06–8.05; p = 0.039). Conclusion: Oncological 
aggressiveness of HCC estimated by CT enhancement pattern was predictive of PPS after pro-
gression during lenvatinib. Successful subsequent treatment with lenvatinib-TACE sequential 
therapy may offer survival benefit regardless of CT enhancement pattern of HCC.

© 2020 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most common type of liver cancer, which, in turn, 
is the third most frequent type of cancer [1]. The Barcelona Clinic Liver Cancer (BCLC) system 
is widely used for staging HCCs [2, 3] and transarterial chemoembolization (TACE) is recom-
mended for treatment of the intermediate stage (stage B). Meanwhile, BCLC intermediate 
stage includes quite heterogeneous population and can be further subclassified using the 
up-to-7 criteria [4] and the Child-Pugh score [5]. A recent report suggests that TACE is 
preferred for patients with tumors within the up-to-7 criteria and good liver function [6].

Conventionally, TACE has been performed repeatedly until the failure of the treatment. 
However, the efficacy of TACE remains limited even when alternative agents are used [7, 8], 
and many patients become TACE-refractory and their liver function declines [9] with repeat 
treatments. After introduction of sorafenib [10, 11], a worldwide trend of treatment of HCC 
has been switched from TACE to sorafenib before liver function declines [12–15], and the 
OPTIMIS study [15] has shown that such treatment strategy may extend survival outcomes. 
However, the efficacy of sorafenib in this setting is limited with a median overall survival (OS) 
<1 year and there remains an unmet need for new and more effective treatment strategy for 
advanced HCC.

With recent introduction of lenvatinib [16], encouraging results have been reported with 
a higher objective response rate (ORR) than that of sorafenib (18.8 vs. 6.5% in RECIST 1.1) 
[17]. Moreover, we have recently reported the efficacy of lenvatinib for oncologically 
aggressive HCC [18, 19]. Kudo et al. [20, 21] reported a potential efficacy of upfront lenvatinib 
with subsequent TACE (lenvatinib-TACE sequential therapy) for patients with intermediate 
stage HCC beyond up-to-7 criteria. However, there have been no sufficient data yet on the 
lenvatinib-TACE sequential therapy. Therefore, this study sought to evaluate the efficacy of 
sequential treatment for HCC, focusing mainly on lenvatinib-TACE sequential therapy and the 
Type-4 enhancement pattern.

Patients and Methods

Study Population
Between October 2010 and February 2020, 92 patients received systemic anticancer treatment using 

lenvatinib for unresectable HCC at the Department of Hepatology, Toranomon Hospital, Tokyo, Japan. Of 
these, 56 patients were selected based on the following inclusion criteria: (1) unenhanced and four-phase 
dynamic CT study performed within 1 month prior to initiation of lenvatinib, (2) tumor with hyperen-
hancement in the arterial phase of dynamic CT, (3) dynamic CT study performed to evaluate the initial 
treatment response 2–12 weeks after initiation of lenvatinib, (4) Child-Pugh class A liver function at the time 
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of lenvatinib initiation, (5) BCLC stage A–C tumor(s), (6) unresectable HCC with the patient not wanting to 
undergo local ablation or chemoembolization therapy for various reasons (i.e., tumor size, number and 
location, extrahepatic metastasis, TACE refractoriness, and a variety of complications), (7) no treatment 
history of lenvatinib, (8) at least 1 measurable target nodule in the liver, (9) a treatment interval of >28 days 
since previous tyrosine kinase inhibitor (sorafenib or regorafenib) therapy and (10) an observation period 
of ≥4 weeks. All the procedures were carried out in accordance with the ethical standards of the responsible 
committees on human experimentation (institutional and national) and with the Helsinki Declaration of 
1975. The study was approved by the institutional review board of our hospital (protocol number 1438-H/
B).

Diagnosis of HCC
The diagnosis of HCC was predominantly based on the image analysis using dynamic CT. All patients 

underwent unenhanced and four-phase dynamic CT using a 64-multidetector CT scanner (Aquilion 64, 
Canon Medical Systems, Tochigi, Japan) or 80-multidetector CT scanner (Aquilion one, Canon Medical 
Systems) under the protocol reported elsewhere [18]. When a liver nodule showed hyperattenuation in the 
arterial phase and washout in the portal or delayed phase in dynamic study, the nodule was diagnosed as an 
HCC.

Imaging Analysis of HCC and Definitions of Dynamic CT Enhancement Patterns
Before treatment, the enhancement pattern of HCC was classified into the following 3 patterns according 

to our CT enhancement classification (online suppl. Fig. 1; see www.karger.com/doi/10.1159/000510299 
for all online suppl. material), considering their strong relation to macroscopic classification and histopatho-
logical differentiation in nontreated HCCs [22]: Type-2, homogeneous enhancement pattern with increased 
arterial blood flow; Type-3, heterogeneous enhancement pattern with a septum-like structure; and Type-4, 
heterogeneous enhancement pattern with irregularly shaped ring structures. These unique enhancement 
patterns were originally established by surgically resected population, and its efficacy in prediction of onco-
logical aggressiveness of HCC was later validated using a medical population treated by radiofrequency 
ablation [23].

The enhancement patterns were assessed independently by an expert hepatologist (Y. Kawamura), 
expert hepatobiliary surgeon (J. Shindoh), and expert radiation oncologist (L. Tominaga) who were blinded 
to the clinical data. Discrepancies between these 3 examiners were resolved by consensus review including 
an additional reviewer (K. Ikeda). All target HCC nodules appeared to be hypervascular in the study and 
therefore we classified all the nodules into 3 enhancement patterns (Type-2 to -4). The enhancement pattern 
that accounted for 70% of the nodules was defined as the predominant enhancement pattern.

Lenvatinib Treatment and Assessment of Adverse Events
Lenvatinib (Levima®, Eisai, Tokyo, Japan) was administered orally to the majority of patients at a dose 

of either 8 mg/day for patients <60 kg or 12 mg/day for patients ≥60 kg. Treatment was discontinued when 
any unacceptable or serious adverse events (AEs) occurred or significantly clinical tumor progression was 
observed. According to the guidelines for administration of lenvatinib, the drug dose should be reduced or 
the treatment interrupted when a patient develops grade ≥3 severe AEs or any unacceptable grade 2 drug-
related AEs occur. AEs were assessed using the National Cancer Institute’s Common Terminology Criteria for 
Adverse Events (CTCAE), version 4.0 [24]. In accordance with the guidelines provided by the manufacturer, 
when a drug-related AE occurred, dose reduction or temporary interruption was maintained until the 
symptom resolved to either grade 1 or 2.

Treatment Protocol of Subsequent TACE Treatment after Diagnosis of the PD State
Patients who subsequently received TACE after a diagnosis of the progressive disease (PD) state had 

either TACE alone or lenvatinib-TACE sequential therapy. TACE was performed on-demand according to the 
condition of the tumor, with the decision to continue administration of lenvatinib during the PD state based 
on liver function after TACE and the judgment of the physician. In patients who received lenvatinib-TACE 
sequential therapy, lenvatinib was discontinued for 1–14 days (median 4 days) before and 1–29 days (median 
12 days) after each session of TACE, based on the condition of the patient and the tumor. At the time of read-
ministration of lenvatinib, the starting dose was the same as that used before TACE. TACE in both groups 
consisted of an intra-arterial injection of lipiodol plus warmed miriplatin (Miripla®, Sumitomo Dainippon 
Pharma Co., Ltd., Osaka, Japan), cisplatin (IA-call®, Nippon Kayaku, Tokyo, Japan), and epirubicin (Farmoru-
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bicin®, Pfizer, Tokyo, Japan). This was followed by injection of 1-mm gelatin particles (Gelpart®; Nippon 
Kayaku) mixed with contrast agent into the blood vessel until they completely obstruct the tumor-feeding 
branch. In cases using miriplatin, the injector of the miriplatin/lipiodol suspension and sterilized physio-
logical saline were placed in a container and warmed to 60°C, followed by injection of miriplatin (60 mg) 
suspended in 3.0 mL of lipiodol. The dose of miriplatin injected in each patient ranged between 50 and 100 
mg. In cases using cisplatin, at first, 100 mg cisplatin was dissolved in 70 mL of saline. And then, cisplatin and 
lipiodol were divided into 7–10 parts, after that, 7–10 mL cisplatin solution and 0.5–1 mL lipiodol were alter-
nately repeatedly infused. The dose of cisplatin and lipiodol injected in each patient ranged between 60 and 
100 mg in cisplatin and 3–5 mL in lipiodol. For cases using epirubicin, the agent was suspended with 2–5 mL 
lipiodol to prepare the contrast material, with 1/2–1/3 lipiodol and epirubicine (20–40 mg) used per patient. 
In case of lenvatinib-TACE sequential therapy, all the patients used miriplatin or epirubicin for the first 
subsequent TACE. Selection of the anticancer agents (miriplatin, cisplatin, or epirubicin) was decided by the 
investigators. On-demand TACE was repeated until the failure of treatment because of progressive major 
vascular invasion, disappearing tumor-feeding artery due to repeat treatment, or deteriorated hepatic 
function.

Evaluation of Treatment Response
The treatment response was evaluated in accordance with the modified Response Evaluation Criteria 

in Solid Tumors (mRECIST) [25] that was used as an auxiliary. We assessed the best tumor response during 
2–12 weeks. In this study cohort, 34 of 56 patients (61%) received dynamic CT 2–4 times to evaluate early 
treatment responses 2–12 weeks after lenvatinib initiation. The treatment response was assessed indepen-
dently by an expert hepatologist (Y. Kawamura) and an expert hepatobiliary surgeon (J. Shindoh) who were 
blinded to the clinical data. Discrepancies between these 2 examiners were resolved by consensus review 
including an additional reviewer (K. Ikeda).

The efficacy of TACE was evaluated by dynamic CT or dynamic MRI after approximately 1–3 months 
based on changes in the cross-sectional area of the tumor by multiplying the major axis of the maximum cross 
section and the maximum diameter crossing the major axis at a right angle of viable target lesions (i.e., those 
showing enhancement in the arterial phase or the presence of a non-lipiodol accumulating area). The 
response categories were defined according to the Response Evaluation Criteria in Cancer of the Liver 
proposed by the Liver Cancer Study Group of Japan as treatment effect (TE) [26]. TE was defined as follows: 
TE4, 100% necrosis or 100% reduction in size of all targeted tumors; TE3, at least 50% or less than 100% of 
tumor necrotizing effect or tumor size reduction rate, respectively; TE2, effects other than TE3 or TE1; TE1, 
greater than 25% tumor enlargement, regardless of the necrotizing effect. We assessed the best tumor 
response during the 4–12 week period after TACE. TACE failure was defined as an insufficient response after 
≥2 consecutive TACE procedures evident on the evaluation of the response on CT or MRI after 1–3 months, 
even in situations where the chemotherapeutic agent had been changed and/or the feeding artery was rean-
alyzed. In addition, the appearance of a higher number of lesions in the liver than that recorded at the previous 
TACE procedure (other than the nodule being treated) was also defined as TACE failure/refractoriness [27].

Follow-Up Protocol
Physicians examined the patients every 1–2 weeks after initiation of lenvatinib, and biochemical labo-

ratory and urine tests were also performed. After initiation of lenvatinib, the patients underwent dynamic 
CT to evaluate their early treatment response during the 2–12 week period. Dynamic CT or dynamic MRI was 
performed every 1–3 months after the first evaluation of best treatment response.

Statistical Analysis
Statistical analysis was performed using IBM SPSS software (ver. 26.0 SPSS Inc., Chicago, IL, USA). Data 

were expressed as the median and range. Differences in background features between each parameter were 
analyzed by the χ2 test, Fisher’s exact test, Mann-Whitney U test, or Kruskal-Wallis test. p values <0.05 were 
considered to indicate statistical significance. The progression-free survival (PFS) and post-progression 
survival (PPS) after introduction of lenvatinib were estimated by the Kaplan-Meier method, with the values 
compared using the log-rank test.

To identify the factors associated with PPS after initiation of lenvatinib, a multivariate analysis was 
performed using a Cox proportional hazards model. In the multivariate analysis, the integrated score was 
excluded in order to detect true factors. All factors that were at least marginally associated with PPS (p < 0.15) 
in the univariate analysis were entered into a stepwise Cox regression analysis. Significant variables were 
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selected by the stepwise method. A two-tailed p value <0.05 was considered to be statistically significant. In 
addition, similar statistical analyses were performed using tumoral, general, and liver function data at the 
time of PD judgment in lenvatinib monotherapy. The dynamic CT enhancement pattern was affected by 
lenvatinib therapy; therefore, in this additional analysis, dynamic CT enhancement patters were used as the 
initial enhancement pattern observed before initiation of lenvatinib.

Results

Overview
Table 1 summarizes the baseline characteristics of the study population. Median age was 

74, and 40 (71%) patients were male. Four patients (7%) who were enrolled in a Global Phase 
II study received a higher starting dose (12 mg) of lenvatinib. Median size of the largest tumor 
was 31.4 mm (range, 11–175 mm), and median number of tumors was 4 (range, 1 to >200). 
Of the 56 patients, 6 (11%) patients with BCLC stage A disease received lenvatinib because 
of the location of tumor, TACE failure/refractoriness, and the patient’s preference, and 25 

Table 1. Clinical profiles and laboratory data of patients with HCC treated with lenvatinib

Patient characteristics and laboratory data
Number of patients 56
Gender, males: females, n 40:16
Age, years (range)a 74 (45–91)
BMI, kg/m2 (range) 22.3 (11.9–30.1)
Body weight <60 kg: ≥60 kg, n 35: 21
HCV:HBV:NonB,NonC, n 30:6:20
Performance status 0:1, n (%) 53 (95): 3 (5)
Platelet count, ×103/μL (range)a 132 (48–280)
Albumin, g/dL (range)a 3.7 (3.0–4.5)
Total bilirubin, mg/dL (range)a 1.0 (0.3–2.8)
Prothrombin activity, % (range)a 82.8 (64.9–124.8)
AST, IU/L (range)a 39.5 (15–351)
AFP, μg/L (range)a 191.5 (0.8–61,040.7)
DCP, AU/L (range)a 147.0 (13.0–63,347.0)
Child-Pugh score 5:6, n (%) 34 (61):22 (39)
mALBI score (1:2a:2b:3), n (%) 11 (20):24 (43):21 (38):0 (0)
Initial dose of lenvatinib, 4 mg:8 mg:12 mg, n (%) 2 (4):31 (55):23 (41)
Reduced starting dose of lenvatinib, n (%) 4 (7)
History of TKI treatment, n (%) 4 (7)

Tumor characteristics
Largest tumor diameter, mm (range)a 31.4 (11.0–175.0)
Number of tumors, n (range) 4 (1 to >200)
Macrovascular invasion, n (%) 11 (20)
Extrahepatic metastasis, n (%) 19 (34)
BCLC stage A:B:C, n (%) 6 (11):25 (45):25 (45)
TACE failure/refractoriness, n (%) 43 (77)

Pretreatment dynamic CT study enhancement pattern (number and ratio)
Type-2; Type-3; Type-4, n (%) 15 (27); 28 (50); 13 (23)

The composition ratio is rounded off to the first decimal place and therefore the total will not necessarily 
be 100. AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; AST, aspartate aminotransferase; DCP, 
des-γ-carboxyprothrombin; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IU, 
international units; mALBI, modified albumin-bilirubin; NonB, NonC, neither HBV nor HCV infection present; 
TACE, transarterial chemoembolization; TKI, tyrosine kinase inhibitor. a Data expressed as median (range).
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(45%) patients presented BCLC stage C disease (macrovascular invasion [n = 11] [Vp2, n = 7; 
Vp3 and Vv3, n = 1; and Vp4, n = 3] and extrahepatic metastasis [n = 19]). Four patients (7%) 
had a history of treatment with other tyrosine kinase inhibitors, and 43 patients (77%) had 
a TACE failure/refractoriness status. The median (range) number of TACE treatments was 3 
(0–20) before initiation of lenvatinib. The median (range) relative dose intensity of lenvatinib 
was 100% (41–150%) at 2 weeks, 87% (32–150%) at 4 weeks, 74% (30–150%) at 8 weeks, 
and 70% (31–138%) at 12 weeks. Twenty-eight patients had died at the time of the database 
lock (February 18, 2020), with the median duration of lenvatinib administration being 7.5 
months and the median observation period, 11.0 months.

Treatment Response and Survival Outcomes after Initiation of Lenvatinib according to 
the Dynamic CT Enhancement Pattern
Pretreatment CT enhancement pattern were successfully determined among the 3 inde-

pendent reviewers with acceptable weighted κ value of 0.71–0.98. Comparison of baseline 
characteristics among the 3 enhancement pattern are summarized in online suppl. Table 1. 
In the evaluation of the early treatment response based on the dynamic CT enhancement 
pattern by mRECIST, the ORR of each enhancement pattern (Type-2, -3, and -4) was 53, 86, 
and 85%, respectively. The ORR was significantly higher with the heterogeneous enhancement 
pattern than with the homogeneous enhancement pattern (85 vs. 53%, respectively) (p = 
0.028) (Table 2).

Dynamic CT image of 
main target nodule type 
and number

Response evaluation using mRECIST, n (%)

Homogeneous enhancement pattern
Type-2 (n = 15) CR PR SD PD

1 (7%) 7 (47%) 6 (40%) 1 (7%)

ORR
53%

Heterogeneous enhancement pattern
Type-3 (n = 28) CR PR SD PD

3 (11%) 21 (75%) 2 (7%) 2 (7%)

ORR
86%

Type-4 (n = 13) CR PR SD PD

2 (15%) 9 (69%) 1 (8%) 1 (8%)

ORR
85%

The composition ratio is rounded off to the first decimal place and 
therefore the total will not necessarily be 100. CR, complete response; 
CT, computed tomography; HU, Hounsfield units; mRECIST, Modified 
Response Evaluation Criteria in Solid Tumors; ORR, objective response 
rate; PD, progressive disease; PR, partial response; SD, stable disease.

Table 2. Evaluation of the early 
treatment response after 
initiation of lenvatinib, grouped 
according to the dynamic CT 
enhancement pattern (Type-2-4) 
and analysis of imaging features 
using mRECIST
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Figure 1 shows the survival outcomes according to the CT enhancement pattern. Although 
there was no difference in PFS among the 3 groups (p = 0.313) (Fig.  1a), survival after 
progression was markedly worse when a patient presented with a Type-4 enhancement 
pattern before the introduction of lenvatinib (p = 0.008) (Fig. 1b). As a result, cumulative 
survival after the introduction of lenvatinib was significantly different among the 3 groups  
(p = 0.009) (Fig. 1c). When the population was stratified by the BCLC stages, PFS were similar 
between BCLC stage A/B and stage C (p = 0.868), while OS was worse in BCLC stage C, reflecting 
significant difference in PPS (online suppl. Fig. 2).

When looking at the difference in PPS according to the utility of subsequent treatment 
after in 41 patients progressed during lenvatinib therapy, the group of patients who were 
successfully treated with subsequent treatment (27 patients, 66%) showed better PPS 
compared to the remaining patients regardless of the pretreatment CT enhancement patterns 
(Fig. 2). Similarly, the same tendency was confirmed when the population was subdivided by 
the BCLC stages as well (online suppl. Fig. 3).

Details of Treatment Course and Efficacy of Subsequent TACE
Figure 3 summarizes the details of treatment course of the 41 patients presenting with 

progression during lenvatinib therapy. Of the 41 patients, 21 received subsequent TACE with 
(n = 12) or without (n = 9) continuation of lenvatinib after diagnosis of the PD state (see online 
suppl. Table 2 for details of TACE treatment).

The majority of patients in the lenvatinib-TACE sequential therapy group (n = 12) were 
treated using miriplatin. There was no significant difference in the number of TACE sessions 
until untreatable progression between the lenvatinib-TACE sequential therapy group and the 
TACE monotherapy group (n = 9) (p = 0.310). The waiting period between cancellation/inter-
ruption of lenvatinib and the first TACE session was significantly shorter in the lenvatinib-
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TACE sequential therapy (p = 0.018). There was no significant difference in the initial 
treatment effect between these 2 subgroups: TACE monotherapy group (TE4, n = 3 [33%]; 
TE3, n = 1 [11%]; TE2, n = 3 [33%]; TE1 n = 2 [22%]) and lenvatinib-TACE sequential therapy 
group (TE4, n = 3 [25%]; TE3, n = 5 [42%]; TE2, n = 3 [25%]; TE1, n = 1 [8%]) (p = 0.839). 
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lenvatinib
(n = 20)

BSC (n = 8)

Ramucirumab (n = 1)

TACE monotherapy (n = 9)

TAI (n = 1)

Surgical resection (n = 1)

Continuing lenvatinib alone (n = 6)

Surgical resection (n = 2)

Radiation (n = 1)

Lenvatinib-TACE sequential therapy (n = 12)

41 patients were
diagnosed PD state

during the observation
period

Continued
lenvatinib

with or without
subsequent
treatment
(n = 21)

Non-subsequent treatment

Subsequent treatment
BSC, best supportive care; PD, progressive disease;
TACE, transarterial chemoembolization;
TAI, transarterial chemoinfusion

Fig. 3. Details of subsequent treatment after diagnosis of the PD state after initiation of lenvatinib treatment.
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None of the patients developed a major complication after lenvatinib-TACE sequential therapy 
other than the post-embolization syndrome, which was mild or equal in severity to that 
observed with TACE monotherapy.

Predictors of PPS after Introduction of Lenvatinib
Table 3 summarizes the results of multivariate analysis for PPS during lenvatinib therapy 

using pretreatment variables. Of the 19 tested variables, Type-4 CT enhancement pattern 
(hazard ratio [HR], 2.92; 95% CI, 1.06–8.05; p = 0.039), tumor number (HR, 1.02; 95% CI, 
1.01–1.03; p = 0.001), AFP level (HR, 1.01; 95% CI, 1.00–1.02; p = 0.001) were significantly 
associated with poor PPS. Lenvatinib-TACE sequential therapy was associated with better 
PPS (HR, 0.08; 95% CI, 0.01–0.71; p = 0.023). Adjusted PPS curves showed clear differences 
according to selection of subsequent treatment after progression during lenvatinib therapy 
(Fig. 4).

When comparing the clinical variables according to the selection of subsequent treatment, 
patients who were successfully treated with lenvatinib-TACE sequential therapy showed 
tendency toward lower des-gamma carboxyprothrombin levels, higher proportion of Child-
Pugh A patients, lower number of tumor nodules, and smaller size of tumor (Table  4). 
However, when using clinical data at the time of progression, multivariate analysis confirms 
similar results as follows: Type-4 CT enhancement pattern (HR, 6.11; 95% CI, 1.78–21.03; p = 
0.004), number of tumor (HR, 1.02; 95% CI, 1.01–1.04; p < 0.001), AFP level (HR, 1.02; 95% 
CI, 1.01–1.03; p < 0.001), and lenvatinib-TACE sequential therapy (HR, 0.08; 95% CI, 0.01–
0.68; p = 0.021) (see online suppl. Table 3; online suppl. Fig. 4).

Table 3. Predictive factors for PPS

p valuea Coefficientsb SE Wald χ2 HR 95% CI

Heterogeneous Type-4 CT enhancement pattern 
prior to introduction of lenvatinib 0.039 1.070 0.519 4.26 2.92 1.06–8.05

Tumor number +1 nodule 0.001 0.016 0.005 10.97 1.02 1.01–1.03
AFP +100 μg/L 0.001 0.009 0.003 10.60 1.01 1.00–1.02
Subsequent treatment after PD state

No subsequent treatment
Other subsequent treatment 0.207 −0.740 0.586 1.59 0.48 0.15–1.51
Lenvatinib-TACE sequential therapy 0.023 −2.515 1.110 5.13 0.08 0.01–0.71

Multivariate Cox regression was applied using stepwise backward selection. Of the potential predictors, factors presenting 
marginal association (p < 0.15) with PPS after the introduction of lenvatinib in univariate analysis were included in the initial 
model. Then factors that showed no or limited statistically significant association (p > 0.1) adjusted for the remaining factors in 
the model were deleted from the model in a stepwise fashion. The 19 variables tested were as follows (p values in univariate 
analysis): age (0.323), gender (0.424), BMI (0.649), etiology (HCV vs. others) (0.384), serum albumin (0.010), serum total 
bilirubin (0.922), prothrombin activity (0.839), platelet count (0.007), serum aspartate aminotransferase (0.161), serum AFP 
(0.013), plasma des-gamma carboxyprothrombin (0.002), tumor diameter (<0.001), tumor number (<0.001), macrovascular 
invasion (0.006), extrahepatic metastasis (0.004), heterogeneous type-4 CT enhancement pattern prior to treatment (0.004), 
TACE failure/refractoriness (0.176), reduced starting dose of lenvatinib (0.977), and subsequent treatment after diagnosis of 
PD state (other subsequent treatment 0.001 and lenvatinib-TACE sequential therapy 0.001). PPS, post-progression survival; 
AFP, alpha-fetoprotein; 95% CI, 95% confidence interval; CT, computed tomography; HR, hazard ratio; PD, progressive disease; 
SE, standard error; TACE, transarterial chemoembolization. a Based on the likelihood test adjusted for the other factors in the 
final model. b Estimated coefficient for the variable and the associated standard error.
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Discussion

As we reported previously [18], this study confirms that heterogeneous enhancement 
pattern (i.e., Type-3 and -4) were correlated with higher response to lenvatinib (Table 2) and 
showed similar PFS compared to homogeneous enhancement pattern (i.e., Type-2), while 
Type-4 tumor was associated with significantly worse PPS, resulting in shorter OS (Fig. 1). 
Given that heterogeneous enhancement pattern is strongly correlated with worse macro-
scopic subtype of HCC (simple nodular with peripheral growth or multinodular patterns) and 
poor differentiation, the present results suggest that PPS is predominantly dependent on the 
malignant potential of tumor and might not be prolonged even when objective response is 
achieved with lenvatinib. However, this study also confirms that successful subsequent 
treatment may be advantageous to improve PPS regardless of malignant potential of HCC 
which is estimated by the CT enhancement pattern (Fig. 2). Therefore, we have extensively 
investigated the clinical factors, especially the efficacy of subsequent treatment, to improve 
PPS among population undergoing lenvatinib treatment.

In this study we performed a multivariate analysis to identify the factors that predicted 
PPS, including subsequent treatment after diagnosis of the PD state. In general, we should 
perform these analyses using only pretreatment data. However, it is well known that the 
majority of patients who receive lenvatinib experience disease progression in the relatively 
early phase of this treatment. Therefore we need to consider various subsequent treatments 
after confirmation of the PD state in patients who have sufficient residual liver function and 
can receive radiofrequency ablation, surgical resection, radiation therapy, other molecular 
target agents, or TACE with or without lenvatinib before the initiation of lenvatinib. In 
addition, the adjusted PPS curves showed a clear difference when lenvatinib was used 
according to the presence of subsequent treatment after diagnosis of the PD state (Fig. 4).

Moreover, subsequent treatment showed a useful treatment effect regardless of the esti-
mated tumor differentiation (Fig. 2), with lenvatinib-TACE sequential therapy being the most 
effective subsequent treatment after diagnosis of the PD state. We also performed an additional 
analysis that examined tumoral, general, and liver function data collected at the time of PD 
judgment. Similarly, the results of a multivariate analysis showed lenvatinib-TACE sequential 
therapy was the most effective subsequent treatment after diagnosis of the PD state. Indeed, it 
has been considered that unfavorable macroscopic subtypes and poor differentiation of HCC are 
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not suitable for TACE [28]. Given the efficacy of lenvatinib-TACE sequential therapy for such 
oncologically unfavorable findings of HCC, however, it could be a potential treatment option for 
HCCs, regardless of the macroscopic subtypes or tumor differentiation of HCC. Therefore, the 
most important clinical message in this clinical study is as follows: it is necessary to consider 
lenvatinib-TACE sequential therapy as one of the first-line subsequent treatments when a patient 
has an intrahepatic target nodule, and it is important to control treatment intensity in order to 
maintain sufficient residual liver function at the time of diagnosis of the PD state. On the other 
hand, only 1 patient in the study received a second-line molecular-target agent (ramucirumab) 
after diagnosis of the PD state. In fact, ramucirumab was only recently established as a second-
line treatment. However, various molecular target agents have been developed as second-line 
treatment for sorafenib [29, 30]. Therefore, we do not have sufficient clinical data of these 
molecular target agents as second-line treatment for lenvatinib. Because of this clinical back-
ground, many other subsequent treatments were used in the study cohort.

Recently, the efficacy of sorafenib-TACE sequential therapy for HCC was reported [31]. 
As Jain [32] reported previously, normalization of tumor vasculature with antiangiogenic 
therapy may be a potential mechanisms of improved treatment outcomes in cancers. We have 
also experienced significant regression of large tumor vessels for bulky HCC during lenvatinib 
treatment among the present cohort (online suppl. Fig. 5). Although the majority of patients 
in the lenvatinib-TACE sequential therapy group had already presented refractoriness to 
TACE in their clinical course (Table 4), dense and uniform lipiodol accumulation was observed 
in 75% of patients immediately after subsequent TACE, with 67% of patients acquiring TE3 
or a higher therapeutic effect (online suppl. Table 2). Therefore, we speculate that regression 
of tumor vessels with administration of lenvatinib may be one of the factors that contribute 
to the improved treatment effect of lenvatinib-TACE sequential therapy.

The majority of the cases examined in this study were post-marketing cases, so long-term 
analysis has not yet been completed. In the present analysis, we have small number of patients 
who were converted to surgery during lenvatinib therapy. Although the mid-term surgical 
outcomes remain inconclusive due to relatively short observational period and general 
impression of survival outcomes of R2 resection cases was not satisfactory, we have experi-
enced 2 long survivors who achieved R0 resection as a subsequent treatment for progression 
after lenvatinib therapy. Therefore, future studies are needed to further clarify the impact of 
each treatment options at progression during lenvatinib treatment.

Limitations of the present study include its retrospective nature and single-center study 
for relatively small number of series. Also, median follow-up period (11.0 months) was rela-
tively short compared to that of the global phase III REFLECT trial (27.7 months) [17]. 
Furthermore, various subsequent treatments were used because of no established treatment 
strategy in the new era of lenvatinib, and it is difficult to clarify the actual impact of each 
treatment when number of cases are limited. Therefore, future study using larger, multi-
center cohorts with sufficient observational period is needed to validate the present outcomes. 
Additionally, the major limitation of the present study is a lack of pathological data. However, 
the dynamic CT enhancement pattern used in the present study was originally established by 
comparison with pathological data in surgical population, and PPS and OS were actually 
significantly different according to the enhancement patterns determined by 3 independent 
reviewers as we confirmed in Figure 1. The present results validated that the CT enhancement 
criteria may also be useful in prediction of oncological aggressiveness of tumor in untreated 
population and recurrent HCCs, in compatible with our previous work [18]. Given that HCC 
shows histological heterogeneity in each nodule, and it is not realistic to perform a tumor 
biopsy of all target nodules to confirm histological differentiation in actual clinical settings, 
the present outcomes confirm that the CT enhancement pattern can be used as a substitute 
for estimation of oncological aggressiveness of HCC in medical population. Regarding the 
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choice of subsequent treatment, some patients could not shift to lenvatinib-TACE sequential 
therapy because of a decrease in their hepatic functional reserve during treatment, and this 
could be an issue of clinical management even if lenvatinib-TACE sequential treatment might 
offer beneficial effects in survival. It would be necessary to consider optimal timing and 
strategy in future clinical studies, as well.

Conclusion

The heterogeneous Type-4 enhancement pattern of HCC was associated with a poor 
survival outcome, especially in PPS after lenvatinib treatment. However, the most important 
clinical information presented here is that subsequent treatment, especially lenvatinib-TACE 
sequential therapy, may offer clinical benefits on PPS regardless of estimated tumor differen-
tiation at the time of progression during lenvatinib therapy.
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