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Abstract
Objective: The aim of this study was to evaluate the performance of pretreatment computed 
tomography (CT) enhancement of hepatocellular carcinoma (HCC) as a potential predictor of 
response to lenvatinib and its relevance to survival outcomes. Methods: We evaluated 51 con-
secutive patients who received lenvatinib treatment for unresectable HCC. On imaging analy-
sis, pretreatment arterial/portal phase dynamic CT images were classified as follows: type 2, 
homogeneous enhancement pattern with increased arterial blood flow; type 3, heteroge-
neous enhancement pattern with a septum-like structure; and type 4, heterogeneous en-
hancement pattern with irregularly shaped ring structures. Treatment response was evaluated 
using modified Response Evaluation Criteria in Solid Tumors at 2–12 weeks after initiation of 
lenvatinib, and the correlations between the CT enhancement patterns and response to len-
vatinib or survival outcomes were investigated. Results: Of the 51 patients, 38 (75%) experi-
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enced an objective response (OR). ORs were significantly more common in heterogeneously 
enhanced HCC (types 3 and 4) than in homogeneous HCC (type 2) (83 vs. 53%, respectively; 
p = 0.037). Multivariate analysis revealed that pretreatment heterogeneous enhancement pat-
tern is an independent predictor for response to lenvatinib (odds ratio, 4.75; p = 0.042). Pres-
ence of OR was associated with longer progression-free survival (PFS) (hazard ratio, 0.36; p = 
0.017), and patients with oncologically aggressive type 3 and 4 tumors showed similar PFS to 
those harboring type 2 tumors (p = 0.455), reflecting that OR was more common in type 3 or 
4 tumors compared with type 2 tumors. Although postprogression survival was extremely 
poor in patients with type 4 tumors (p = 0.064), overall survival after introduction of lenvatinib 
was not statistically different among the three groups of patients (p = 0.053). Conclusion: The 
CT enhancement pattern of HCC may predict response to lenvatinib. OR seems to occur more 
frequently in HCC with oncologically aggressive features and may contribute to prolonged 
survival through a prolonged progression-free interval, even in an oncologically poor-risk 
group of patients. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most common type of liver cancer, which is the 
third leading cause of cancer [1]. For HCC, the Barcelona Clinic Liver Cancer (BCLC) staging 
system is currently most widely used [2, 3]. BCLC intermediate-stage disease may be further 
subclassified based on the Up-to-7 criteria [4] and liver function with the Child-Pugh system 
[5]. In patients with tumors within the Up-to-7 criteria and with good liver function, transar-
terial chemoembolization (TACE) is recommended. Previously, many chemotherapeutic 
agents were used for chemoembolization, and TACE was repeatedly performed until treatment 
could no longer be administered. Although response may improve if different agents are used 
(especially cisplatin [6, 7]), the efficacy of TACE is limited. As a result of repeated TACE, many 
patients become TACE-refractory, and liver function declines [8]. About 10 years ago, the 
molecular targeted agent sorafenib became available for the treatment of unresectable HCC 
[9, 10], and worldwide, HCC treatment trended toward switching from TACE to sorafenib 
before liver function decline [11–14]. The OPTIMIS study [14] also suggested that switching 
from intraarterial treatment to sorafenib could extend survival. However, the efficacy of 
sorafenib in this setting is modest: the median overall survival (OS) is < 1 year and the objective 
response rate (ORR) is < 5%. Thus, there remains a critical and unmet need for aggressive 
development of new and more effective agents for advanced HCC.

Recently, prior to approval elsewhere in the world, lenvatinib became available as a new 
molecular targeted agent for the first-line treatment of unresectable advanced HCC in Japan 
[15]. Lenvatinib, an inhibitor of vascular endothelial growth factor receptor 1–3, fibroblast 
growth factor receptor 1–4 (FGFR1–4), platelet-derived growth factor receptor alpha, Ret, 
and Kit, was reported to be noninferior to sorafenib with respect to OS in patients with 
untreated advanced HCC [16, 17]. It was the second molecular targeted agent to demonstrate 
efficacy as a first-line treatment for unresectable HCC; lenvatinib treatment results in a higher 
ORR compared with sorafenib treatment (18.8 vs. 6.5%, respectively, as evaluated by 
Response Evaluation Criteria in Solid Tumors version 1.1 [RECIST 1.1]) [16].

On the other hand, in several treatment algorithms [2, 3], only the presence or absence 
of tumor hypervascularity on contrast enhancement studies is recommended for optimizing 
the selection of treatment for HCC, without evaluation of the malignant potential of the target 
nodules. We previously reported that a “heterogeneous enhancement pattern with a septum-
like structure” in the arterial phase of dynamic computed tomography (CT) analysis accu-
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rately predicts macroscopic classification of the nodular types [18] of simple nodular type 
with extranodular growth (SNEG) and confluent multinodular (CMN) type of HCC, and that a 
“heterogeneous enhancement pattern with irregular ring-like structures” in the arterial 
phase of dynamic CT accurately predicts the histopathological grade of poorly-differentiated 
HCCs; we named these enhancement patterns type 3 and type 4, respectively [19].

These unique enhancement patterns are also correlated with the oncological aggres-
siveness of HCC [20], and they may guide an optimal approach for ablation therapy [21]. 
Given the potential ability of the enhancement patterns of HCC in predicting the malignant 
potential of tumors and responses to treatment, we sought to investigate the powers of these 
unique radiological enhancement patterns as a new pretreatment surrogate marker for 
predicting the response to lenvatinib and overall prognosis.

Patients and Methods

Study Population
From April 2018 to September 2019, 87 patients received systemic anticancer treatment using lenva-

tinib for unresectable HCC at the Department of Hepatology, Toranomon Hospital, Tokyo, Japan. In this study, 
the following inclusion criteria were used: (1) triple-phase dynamic CT study performed within 1 month 
prior to initiation of lenvatinib, (2) tumor with hyperenhancement in the arterial phase of dynamic CT,  
(3) performance of triple-phase dynamic CT to evaluate treatment response 2–12 weeks after initiation of 
lenvatinib, (4) Child-Pugh class A liver function at the time of lenvatinib initiation, (5) BCLC stage A to C 
tumor(s), (6) unresectable HCC and patient does not want to undergo local ablation or chemoembolization 
therapy for various reasons (i.e., tumor size, number and location, extrahepatic metastasis, TACE refracto-
riness, and various complications), (7) no treatment history of lenvatinib, (8) at least one measurable target 
nodule in the liver, (9) treatment interval of > 28 days since previous tyrosine kinase inhibitor (TKI; sorafenib 
or regorafenib) therapy, and (10) an observation period of ≥4 weeks. Eventually, 51 patients met the 
inclusion criteria.

Contrast Infusion and CT Protocol
All patients underwent triple-phase dynamic CT. CT was performed with a 64-multidetector CT scanner 

(Aquilion 64; Canon Medical Systems, Tochigi, Japan) with the following scanning parameters: rotation time 
0.5 s, beam collimation 64 × 0.5 mm, section thickness and interval 5 mm, beam pitch 0.83, tube voltage  
120 kV, and tube current 150 mAs. All helical scans were started at the top of the liver and proceeded in a 
cephalocaudal direction. Unenhanced and three-phase contrast-enhanced helical scans of the whole liver 
were acquired. Patients were instructed to hold their breath with exhalation during scanning. An automatic 
bolus-tracking program (Sure Start; Canon Medical Systems) was used to time the start of acquisition in each 
phase after contrast injection (nonionic contrast material with a concentration of 350 mg iodine/mL iomeprol 
[Iomeron 350; Eisai, Tokyo, Japan] at a dose of 100–120 mL/body). Attenuation at the axis of the celiac artery 
level was monitored by one radiology technician; the region of interest (ROI) cursor (1 cm2) was placed in 
the abdominal aorta. Real-time low-dose (120 kV, 25 mAs) serial monitoring studies were begun 5 s after the 
start of contrast injection. The trigger threshold level was set at 100 Hounsfield units (HU). Double arterial 
phase acquisition was started 15 and 20 s after triggering, and portal phase and delayed phase acquisition 
were started 70 and 180 s after the start of the contrast injection, respectively.

Diagnosis of HCC
The diagnosis of HCC was based predominantly on image analysis using dynamic CT. When a liver 

nodule showed hyperattenuation in the arterial phase of the dynamic study and washout in the portal or 
delayed phase, the nodule was diagnosed as HCC.

Imaging Analysis of HCC and Definitions of Dynamic CT Enhancement Patterns
Before treatment, the dynamic study enhancement pattern on the arterial and portal phases was clas-

sified into one of four types defined in our previous report [19]. The type 1 pattern represented a homoge-
neous enhancement pattern with no increase in arterial blood flow, and the entire image was uniform during 
the arterial and portal phases. The type 2 pattern represented a homogeneous enhancement pattern with 
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increased arterial blood flow, and the entire image was uniform during the arterial and portal phases. The 
type 3 pattern represented a heterogeneous enhancement pattern with septations, with heterogeneous 
enhancement and septations in the arterial phase, while the septations resembled a near-uniform tumor 
tissue periphery in the portal phase. The type 4 pattern represented a heterogeneous enhancement pattern 
with irregular ring-like structures; the arterial phase was marked by the presence of irregularly shaped ring 
areas of enhancement and areas of little blood flow relative to the periphery of the tumor tissue, and the 
portal phase was characterized by areas of reduced blood flow (Fig. 1).

The enhancement pattern on the arterial and portal phases of dynamic CT was assessed independently 
by an expert hepatologist (Y. Kawamura) and an expert hepatobiliary surgeon (J. Shindoh) who were blinded 
to the clinical data. Discrepancies between these two examiners were resolved by consensus review including 
an additional reviewer (K. Ikeda). Generally, macroscopic classification of the nodular type of SNEG and CMN 
types strongly relates to the type 3 enhancement pattern, and histologically, the type 1 enhancement pattern 
represents well-differentiated HCC, while the type 2 and 3 patterns represent moderately-differentiated 
HCC; the type 4 enhancement pattern is a significantly specific feature for predicting poorly-differentiated 
HCC [19].

In this study, all target HCC nodules appeared to be hypervascular; therefore, we classified all nodules 
into three enhancement patterns (types 2 to 4). The enhancement pattern that accounts for 70% of the 
nodule is defined as the predominant enhancement pattern.

In addition, we analyzed the mean HU of intrahepatic target tumors; a circular ROI was drawn on the axial 
plane to include the largest surface of the target lesion, and the mean HU of each tumor was calculated [22].

Lenvatinib Treatment and Adverse Event Assessment
Lenvatinib (Eisai, Tokyo, Japan) was given orally to the majority of patients at 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) or significantly clinical tumor progression were observed. According to the 

Dynamic study, arterial phase 

Dynamic study, portal phase 

Type 1 Type 2 Type 3 Type 4

Type 1 Type 2 Type 3 Type 4

Fig. 1. Original dynamic study images with each of the four enhancement patterns. Reprinted with permis-
sion from John Wiley and Sons [20].
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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, version 4.0 
[23]. If a drug-related AE occurred, dose reduction or temporary interruption was maintained until the 
symptom was resolved to grade 1 or 2, according to the guidelines provided by the manufacturer.

Treatment Response Evaluation
Treatment response was evaluated in accordance with modified RECIST (mRECIST) [24], and RECIST 

1.1 [25] was used as an auxiliary. We assessed the best tumor response during 2–12 weeks. The liver was 
examined by dynamic CT.

Treatment response was assessed independently by an expert hepatologist (Y. Kawamura) and an 
expert hepatobiliary surgeon (J. Shindoh) who were blinded to the clinical data. Discrepancies between these 
two examiners were resolved by consensus review including an additional reviewer (K. Ikeda).

Definition of TACE Failure/Refractoriness
TACE failure was defined as an insufficient response after ≥2 consecutive TACE procedures as evident 

on response evaluation CT or magnetic resonance imaging after 1–3 months, even after the chemothera-
peutic agent had been changed and/or the feeding artery had been reanalyzed. In addition, 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 added to the definition of TACE failure/refractoriness [26].

Assessment of Hepatic Functional Reserve
Child-Pugh classification [5] and albumin-bilirubin (ALBI) grade [27] were used to assess hepatic func-

tional reserve. Modified ALBI (mALBI) grade was based on the ALBI score, which was calculated from serum 
albumin and total bilirubin concentrations using the following formula: ALBI score = [log10 bilirubin (μmol/ 
L) × 0.66] + [albumin (g/L) × –0.085], and defined by the following cutoffs: ≤–2.60 = grade 1, >–2.60 to  
≤–2.27 = grade 2a, >–2.27 to ≤–1.39 = grade 2b, >–1.39 = grade 3 [28].

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

and urine tests were also performed. After initiation of lenvatinib, patients underwent dynamic CT to evaluate 
early treatment response at 2–12 weeks. After the first evaluation of treatment response, dynamic CT was 
performed every 2–3 months.

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

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

To identify factors associated with objective response (OR) after initiation of lenvatinib, a multivariate 
analysis was performed using logistic regression with backward elimination. Among potential independent 
variables, factors with a marginal association (p < 0.2) in the univariate analysis were included in the initial 
model. Then, after stepwise selection, only factors that showed a statistically significant association with OR 
at p < 0.1 were included in the final model. Predictive factors for PFS were also investigated with the Cox 
proportional hazards model with a similar variable selection method.

Results

Clinical Profiles and Laboratory Data
Table 1 summarizes the clinical profile and laboratory data of 51 HCC patients treated 

with lenvatinib in this study. The male:female ratio was 2.19: 1. Hepatitis C virus antibody was 
detected in 54.9% of patients. Overall, 47 patients (92%) received an initial dose of lenvatinib 
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according to body weight, and 4 patients (8%) received a reduced starting dose for the 
following reasons: age > 80 years, platelet count < 50 × 103/μL, and body mass index < 19. In 
addition, 4 patients (8%) received a higher starting dose of lenvatinib according to body 
weight because they were enrolled in a global phase II study with fixed dosing (12 mg). With 
regard to liver function, 30 (59%) patients presented with a Child-Pugh score of 5, and 10 
patients (20%) presented with an mALBI grade of 1. Based on pretreatment image analysis, 
the median tumor diameter was 31.8 mm, and 23 of 51 patients (45%) presented with BCLC 
stage C disease; 9 of these 23 patients (39%) presented with macrovascular invasion (Vp2,  
n = 6; Vp3, n = 1; Vp3 and Vv3, n = 1; Vp4, n = 2), and 18 of 23 patients (78%) presented with 
extrahepatic metastasis. In addition, 4 patients (8%) had a history of treatment with other 
TKIs, and 41 patients (80%) had a TACE failure/refractoriness status. The median number 
(range) of TACE treatments was 3 (0–20) before initiation of lenvatinib. The median levels of 
alpha-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP) were 189 μg/L and 277 
AU/L, respectively. The median (range) relative dose intensity (RDI) of lenvatinib was 100% 
(40–150%) at 2 weeks, 92% (32–150%) at 4 weeks, 74% (30–150%) at 8 weeks, and 68% 
(31–138%) at 12 weeks.

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

Patient characteristics and laboratory data

Patients 51
Male:female sex 35:16
Age, years 74 (45–91)
Body mass index 22.3 (11.9–30.1)
Body weight <60 kg:≥60 kg 32:19
HCV:HBV:NonB,NonC 28:6:17
Performance status 0:1 48 (94%):3 (6%)
Platelet count, ×103/μL 122 (48–280)
Albumin, g/dL 3.7 (3.0–4.5)
Total bilirubin, mg/dL 1.0 (0.3–2.8)
Prothrombin activity, % 82.8 (64.9–124.8)
AST, IU/L 40 (15–351)
AFP, μg/L 189 (0.8–61,040.7)
DCP, AU/L 277 (13–63,347)
Child-Pugh score 5:6 30 (59%):21 (41%) 
mALBI score 1:2a:2b:3 10 (20%):20 (39%):21 (41%):0 (0%) 
Initial dose of lenvatinib, 4 mg:8 mg:12 mg 2 (4%):28 (55%):21 (41%)
Reduced starting dose of lenvatinib 4 (8%)
History of TKI treatment 4 (8%)
Tumor characteristics

Tumor diameter, mm 31.8 (11.0–112.7)
Number of tumors 4 (1–200)
Macrovascular invasion 9 (18%)
Extrahepatic metastasis 18 (35%)
BCLC stage A:B:C 5 (10%):23 (45%):23 (45%)
TACE failure/refractoriness 41 (80%)

Pretreatment dynamic CT study enhancement pattern
Type 2/type 3/type 4 15 (29%)/24 (47%)/12 (24%)

Values are presented as n, n (%), or median (range). AFP, alpha-fetoprotein; AST, aspartate aminotrans-
ferase; BCLC, Barcelona Clinic Liver Cancer; CT, computed tomography; DCP, des-gamma-carboxy 
prothrombin; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; mALBI, modified 
albumin-bilirubin; NonB,NonC, neither HBV nor HCV infection present; TACE, transarterial chemoemboli-
zation; TKI, tyrosine kinase inhibitor.
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With respect to the pretreatment dynamic CT enhancement pattern, 15 patients (29%) 
had the type 2 pattern, 24 patients (47%) had the type 3 pattern, and 12 patients (24%) had 
the type 4 pattern. Fifteen patients had died at the time of database lock (November 5, 2019); 
the median duration of lenvatinib administration was 6.7 months, and the median obser-
vation period was 10.6 months. The weighted κ value of the imaging analysis between the two 
independent examiners (Y. Kawamura and J. Shindoh) was 0.972.

Evaluation of Treatment Response to Lenvatinib
In early treatment response evaluation using mRECIST, 6 of 51 patients (12%) experi-

enced a complete response (CR), 32 (63%) experienced a partial response (PR), 9 (18%) had 
stable disease, and 4 (8%) had progressive disease (PD); therefore, 38 of 51 patients (75%) 
experienced an OR. By BCLC stage (A or B vs. C), the ORR was 64% for patients with BCLC 
stage A or B disease and 87% for patients with BCLC stage C disease (Table 2). TACE failure/
refractoriness was present in 24 of 28 patients (86%) with BCLC stage A/B disease and 17 of 
23 (74%) with BCLC stage C disease. Among patients with BCLC stage C disease, 18 of 23 
(78%) had extrahepatic spread; however, an interventional treatment approach was enforced 
for an extrahepatic metastatic lesion in only 1 patient (6%).

By mALBI grade (1 vs. 2a vs. 2b), the ORR was 80% (8 of 10 patients) for grade 1, 80% 
(16 of 20 patients) for grade 2a, and 67% (14 of 21 patients) for grade 2b; there were no 
significant differences in ORR among grades (p = 0.561).

Evaluation of Treatment Response after Initiation of Lenvatinib by Dynamic CT 
Enhancement Pattern (Types 2 to 4)
In the early treatment response evaluation based on the dynamic CT enhancement 

pattern by mRECIST, the ORR of each enhancement pattern (types 2, 3, and 4) was 53, 79, and 
92%, respectively. The ORR was significantly higher with the heterogeneous than with the 
homogeneous enhancement pattern (83 vs. 53%, respectively) (p = 0.037) (Table 3).

Table 2. Early treatment response evaluation using mRECIST 4–12 weeks after initiation of lenvatinib in all patients and by 
BCLC stage

Category TACE failure/
refractoriness

Macrovascular 
invasion

Extrahepatic 
spread

Response evaluation using mRECIST

All cases 
(n = 51)

41 (80%) 9 (18%) 18 (35%) CR PR SD PD
6 (12%) 32 (63%) 9 (18%) 4 (8%)
OR
38 (75%)

BCLC stage A/B 
(n = 28)

24 (86%) 0 (0%) 0 (0%) CR PR SD PD
4 (14%) 14 (50%) 7 (25%) 3 (11%)
OR
18 (64%)

BCLC stage C 
(n = 23)

17 (74%) 9 (39%) 18 (78%) CR PR SD PD
2 (9%) 18 (78%) 2 (9%) 1 (4%)
OR
20 (87%)

Values are presented as n (%). The composition ratio is rounded off to the first decimal place and therefore the total will not 
necessarily be 100. BCLC, Barcelona Clinic Liver Cancer; CR, complete response; mRECIST, modified Response Evaluation 
Criteria in Solid Tumors; OR, objective response; PD, progressive disease; PR, partial response; SD, stable disease; TACE, trans-
arterial chemoembolization.
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The weighted κ value of treatment response evaluation using mRECIST between the two 
independent examiners (Y. Kawamura and J. Shindoh) was 0.902.

On the other hand, in the early treatment response evaluation based on the dynamic CT 
enhancement pattern by RECIST 1.1, the ORR of each enhancement pattern (types 2, 3, and 4) 
was 40, 54, and 58%, respectively. There were no significant differences between heterogeneous 
and homogeneous enhancement pattern (56 vs. 40%, respectively) (p = 0.311) (Table 4).

However, no patient had an mRECIST evaluation of CR or PR, in spite of RECIST 1.1 PD.

Rate of Decrease in ROI after Initiation of Lenvatinib
We compared the rate of decrease in the ROI of target tumors after initiation of lenvatinib 

with therapeutic effect using mRECIST. The ROI after the initiation of lenvatinib was measured 
at the time of image evaluation.

According to the tumor enhancement patterns (homogeneous vs. heterogeneous), the 
ROI showed a significant decrease after the initiation of lenvatinib (median rate of change in 
ROI: homogeneous enhancement pattern, –17.95%; heterogeneous enhancement pattern, 
–31.28%; p = 0.033) (Fig. 2a).

On the other hand, according to tumor enhancement patterns (types 2 to 4), the ROI 
showed a tendency to decrease (median rate of change in ROI: type 2 enhancement pattern, 
–17.95%; type 3 enhancement pattern, –32.46%; type 4 enhancement pattern, –28.25%; p = 
0.099) (Fig. 2b).

Finally, according to early treatment response evaluation using mRECIST (non-OR vs. 
OR), the ROI showed a significant decrease between before and after the initiation of lenva-
tinib (median rate of change in ROI: non-OR, –12.17%; OR, –30.63%; p = 0.014) (Fig. 2c).

Predictors of OR to Lenvatinib
Among the 19 potential independent variables listed in Table 5, serum albumin level (g/

dL) (p = 0.110), serum aspartate aminotransferase (AST) level (IU/L) (p = 0.178), serum AFP 

Table 3. Evaluation of early treatment response after initiation of lenvatinib by dynamic CT enhancement 
pattern (types 2 to 4) and analysis of imaging features using mRECIST

Dynamic CT image of 
main target nodule

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 = 24) CR PR SD PD
3 (13%) 16 (67%) 3 (13%) 2 (8%)
ORR
79%

type 4 (n = 12) CR PR SD PD
2 (17%) 9 (75%) 0 (0%) 1 (8%)
ORR
92%

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; mRECIST, modified Response Evaluation Criteria 
in Solid Tumors; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable 
disease.
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level (μg/L) (p = 0.168), plasma DCP level (AU/L) (p = 0.121), extrahepatic metastases (p = 
0.037), and heterogeneous enhancement pattern (types 3 and 4) on pretreatment dynamic 
CT scan (p = 0.031) were included in the multivariate logistic regression model, and only a 
heterogeneous CT enhancement pattern was selected as an independent predictor for OR 
after the introduction of lenvatinib (odds ratio, 4.75; 95% confidence interval, 1.06–21.25;  
p = 0.042).

Predictors of PFS after Introduction of Lenvatinib
Of the 20 variables tested for their potential to predict PFS (Table 6), body mass index  

(p = 0.188), serum AST level (IU/L) (p = 0.15), serum AFP level (μg/L) (p = 0.004), plasma 
DCP level (AU/L) (p = 0.029), tumor diameter (cm) (p = 0.025), macrovascular invasion (p = 

Table 4. Evaluation of early treatment response after initiation of lenvatinib by dynamic CT enhancement 
pattern (types 2 to 4) and analysis of imaging features using RECIST 1.1

Dynamic CT image of 
main target nodule

Response evaluation using RECIST, n (%)

Homogeneous 
enhancement 
pattern

type 2 (n = 15) CR PR SD PD
0 (0%) 6 (40%) 8 (53%) 1 (7%)
ORR
40%

Heterogeneous 
enhancement 
pattern

type 3 (n = 24) CR PR SD PD
0 (0%) 13 (54%) 9 (38%) 2 (8%)
ORR
54%

type 4 (n = 12) CR PR SD PD
0 (0%) 7 (58%) 4 (33%) 1 (8%)
ORR
58%

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; RECIST, Response Evaluation Criteria in Solid 
Tumors; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.
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Fig. 2. ROI rate of change before and after lenvatinib administration, according to dynamic CT enhancement 
pattern and early treatment responses. a Homogeneous vs. heterogeneous. b Tumor enhancement patterns. 
c Non-OR vs. OR. CT, computed tomography; mRECIST, modified Response Evaluation Criteria in Solid Tu-
mors; OR, objective response; ROI, region of interest.
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Table 5. Predictive factors for early treatment response to lenvatinib

p1 Coefficients2 SE Wald χ2 Odds
ratio

95% CI

Heterogeneous dynamic CT 
enhancement pattern prior to 
introduction of lenvatinib

0.042 1.558 0.764 4.2 4.75 1.06–21.25

Extrahepatic metastases 0.084 1.942 1.125 3.0 6.97 0.77–63.20

CI, confidence interval; CT, computed tomography; SE, standard error. 1 Based on likelihood test adjusted 
for the other factors in the final model. 2 Estimated coefficient for the variable and the associated SE. Multi-
variate logistic regression was applied with stepwise backward selection. Among potential predictors, 
factors presenting marginal association (p < 0.2) with objective response to 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 stepwise fashion. 
The 19 tested variables were as follows (p values in univariate analysis): age (0.712), sex (0.525), body mass 
index (0.993), body weight (<60 kg vs. ≥60 kg) (0.576), etiology (hepatitis C virus vs. others) (0.929), serum 
albumin (0.110), serum total bilirubin (0.399), prothrombin activity (0.735), platelet count (0.634), serum 
aspartate aminotransferase (0.178), serum alpha-fetoprotein (0.168), des-gamma-carboxy prothrombin 
(0.121), tumor diameter (0.248), tumor number (>4 vs. ≤4) (0.957), macrovascular invasion (0.554), extra-
hepatic metastasis (0.037), heterogeneous CT enhancement pattern prior to treatment (0.031), transarterial 
chemoembolization failure/refractoriness (0.705), and reduced starting dose of lenvatinib (0.262).

Table 6. Predictive factors for PFS after introduction of lenvatinib

p1 Coefficients2 SE Wald χ2 HR 95% CI

AFP >100 μg/L 0.016 0.007 0.003 5.8 1.01 1.00–1.01

OR at 2–12 weeks 0.017 –1.019 0.426 5.7 0.36 0.16–0.83

TACE failure/
refractoriness

0.028 –0.994 0.451 4.9 0.37 0.15–0.90

AFP, alpha-fetoprotein; CI, confidence interval; HR, hazard ratio; OR, objective response; PFS, progression-
free survival; SE, standard error; TACE, transarterial chemoembolization. 1 Based on likelihood test adjusted 
for the other factors in the final model. 2 Estimated coefficient for the variable and the associated SE. Multi-
variate Cox regression was applied with stepwise backward selection. Among potential predictors, factors 
presenting marginal association (p < 0.2) with PFS after 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 stepwise fashion. The 
20 tested variables were as follows (p values in univariate analysis): age (0.386), sex (0.794), body mass 
index (0.188), body weight (<60 kg vs. >60 kg) (0.313), etiology (hepatitis C virus vs. others) (0.402), serum 
albumin (0.221), serum total bilirubin (0.240), prothrombin activity (0.632), platelet count (0.619), serum 
aspartate aminotransferase (0.100), serum AFP (0.004), plasma des-gamma-carboxy prothrombin (0.029), 
tumor diameter (0.025), tumor number (>4 vs. ≤4) (0.622), macrovascular invasion (0.016), extrahepatic 
metastasis (0.520), heterogeneous computed tomography enhancement pattern prior to treatment (0.602), 
TACE failure/refractoriness (0.011), reduced starting dose of lenvatinib (0.515), and OR at 2–12 weeks 
(0.011).
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0.016), TACE failure/refractoriness (p = 0.011), and OR at 2–12 weeks after the introduction 
of lenvatinib (p = 0.011) were included in the initial Cox regression model. Stepwise variable 
selection identified serum AFP level > 100 μg/L (hazard ratio, 1.01; 95% confidence interval, 
1.00–1.01; p = 0.016), OR at 2–12 weeks after the introduction of lenvatinib (hazard ratio, 
0.36; 95% confidence interval, 0.16–0.83; p = 0.017), and TACE failure/refractoriness (hazard 
ratio, 0.37; 95% confidence interval, 0.15–0.90; p = 0.028) as independent predictors of PFS. 
Adjusted PFS curves showed clear differences according to the presence of OR to lenvatinib 
(Fig. 3).
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Fig. 3. Adjusted PFS curves ac-
cording to presence of OR to len-
vatinib. HR, hazard ratio; OR, ob-
jective response; PFS, progres-
sion-free survival.
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PPS in Lenvatinib-Treated Patients according to Pretreatment Dynamic CT Patterns
Thirty-eight patients were diagnosed with PD during the observation period; 21 of 38 

patients (55%) continued to receive lenvatinib treatment, and 8 of these 21 patients (38%) 
received TACE sequential therapy.

Figure 4 shows survival outcomes according to the CT enhancement pattern. Although 
there was no difference in PFS among the three groups, PPS was markedly worse when a 
patient presented with a type 4 enhancement pattern before the introduction of lenvatinib 
(Fig. 4a, b). As a result, cumulative survival after the introduction of lenvatinib was not signif-
icantly different among the three groups (Fig. 4c).

Frequency of Grade ≥3 AEs following Initiation of Lenvatinib
No grade 4 AEs were reported during the observation period. With respect to grade 3 

AEs, 6 of 51 patients (12%) experienced hypertension, 4 of 51 (8%) experienced a hand-foot 
skin reaction, 3 of 51 (6%) experienced appetite loss, 2 of 51 (4%) experienced diarrhea, 9 of 
51 (18%) experienced decreased platelet counts, 2 of 51 (4%) experienced elevated AST, 5 
of 51 (10%) experienced elevated total bilirubin, 5 of 51 (10%) experienced hepatic enceph-
alopathy, and 2 of 51 (4%) experienced elevated urinary protein.

Discussion

Patients with unresectable HCC who show intolerability to sorafenib or failure of another 
TKI need second- and third-line treatment options. Lenvatinib, a newer TKI [15, 16], has 
become available as a first-line agent for unresectable HCC in Japan. Lenvatinib demonstrated 
efficacy as a first-line treatment for unresectable HCC and is associated with a higher ORR 
compared with sorafenib [16].

Notably, in patients with advanced HCC, we frequently encounter several tumors and 
various enhancement patterns within a single patient’s liver. Therefore, it is difficult to select 
the best overall treatment method and chemotherapeutic agent by sampling just one of many 
tumors. Moreover, tumor biopsies are not easy to perform in all cases for several reasons, 
including tumor localization, risk of tumor dissemination, and risk of bleeding due to liver 
cirrhosis.

In these situations, we previously reported that a type 3 enhancement pattern accurately 
predicts macroscopic classification of the nodular type of SNEG and CMN types of HCC and 
that a type 4 enhancement pattern accurately predicts the histopathological grade of poorly-
differentiated HCC [19]. Our past work revealed a strong relationship between type 4 
enhancement pattern and HCC recurrence characterized by multiple nodules and/or portal 
vein invasion following radiofrequency ablation [20].

However, the utility of these dynamic CT enhancement patterns in predicting responses 
to TKIs, especially lenvatinib, has not been clear until now. In this study, a heterogeneous 
enhancement pattern (types 3 and 4) on dynamic CT was a significant pretreatment predictor 
of OR by mRECIST following initiation of lenvatinib. In contrast, with RECIST 1.1, there were 
no significant differences between enhancement pattern and treatment response. However, 
in additional analyses, (1) no patient had an mRECIST evaluation of CR or PR, in spite of 
RECIST 1.1 PD, (2) the ROIs of the target tumors were significantly decreased in patients who 
had an OR compared with patients who did not, and (3) the ROIs of the target tumors decreased 
more in those with heterogeneous enhancement patterns, including the type 4 enhancement 
pattern (Fig. 2a–c). From these results, we concluded that there was no overestimation for 
decreased blood flow in tumors with heterogeneous enhancement patterns using mRECIST 
evaluation.
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Several years ago, Harimoto et al. [29] reported that high FGFR2 expression is signifi-
cantly correlated with poor histological differentiation, a higher incidence of portal vein 
invasion, and high AFP levels. In contrast to sorafenib and regorafenib, lenvatinib inhibits 
FGFR1–4 in addition to vascular endothelial growth factor receptor 1–3, platelet-derived 
growth factor receptor alpha, Ret, and Kit. The role of FGFR inhibition by lenvatinib may have 
influenced the results of the present study. However, many points regarding the details of this 
mechanism are unclear. On the other hand, although there was no difference in PFS among 
the three groups, in the survival analysis PPS was significantly worse when a patient presented 
with a type 4 enhancement pattern before the introduction of lenvatinib. As a result, cumu-
lative survival after the introduction of lenvatinib was not significantly different among the 
three groups.

The importance of this result can also be seen from previous clinical research: 18F-fluo-
rodeoxyglucose positron emission tomography/CT positivity was reported to be strongly 
associated with poorly-differentiated HCC [30]. In such a clinical situation, significantly lower 
PFS and OS in sorafenib-treated, positron emission tomography-positive HCC was reported 
[31]. From this report, in general, poorly-differentiated HCC has an extremely poor prognosis. 
Compared with this previous clinical report, it may be considered that lenvatinib showed 
sufficient clinical benefit for PFS and OS in HCC of high malignant potential in this study.

Recently, a relationship between a sustained decrease in AFP from 2 to 4 weeks after 
initiation of lenvatinib and achievement of a highly OR was reported [32]. To investigate this 
point, we performed an additional analysis. To align with the previously reported study, we 
excluded 13 patients with normal AFP (< 20 μg/L; 9 of these 13 patients [69%] presented with 
a heterogeneous enhancement pattern), and we analyzed 38 patients with abnormal AFP (24 
patients had a sustained decrease in AFP and 14 patients did not). In our cohort, 16 of the 24 
cases (67%) with a sustained decrease in AFP showed an OR, and 12 of the 14 cases (86%) 
without a sustained decrease in AFP showed an OR; there was no significant difference in 
response rate between groups (p = 0.269). With regard to the enhancement pattern, 27 
patients had a heterogeneous enhancement pattern, and 17 of the 27 (63%) showed a 
sustained decrease in AFP, while the remaining 11 patients had a homogeneous enhancement 
pattern, and 7 of the 11 (64%) showed a sustained decrease in AFP. Finally, in patients with 
sustained decreases in AFP, 13 of 17 (76%) with a heterogeneous enhancement pattern had 
an OR, and 3 of 7 (43%) with a homogeneous enhancement pattern had an OR. On the other 
hand, all 10 patients with a heterogeneous enhancement pattern who did not have a sustained 
decrease in AFP had an OR (100%), and 2 of 4 with a homogeneous enhancement pattern who 
did not have a sustained decrease in AFP had an OR (50%). However, both the previous report 
[32] and our study contained a small number of cases, so further study is necessary.

By BCLC clinical stage, the ORR was 64% among patients with stage A or B disease, while 
it was 87% in patients with stage C disease. An explanation for this result is that in this cohort, 
the rate of intrahepatic target nodules that presented with a heterogeneous enhancement 
pattern (types 3 and 4) was 61% in the BCLC stage A/B group and 83% in the BCLC stage C 
group. Furthermore, the rate of intrahepatic target nodules that presented with a type 4 
enhancement pattern was significantly higher in the BCLC stage C group (39%) compared 
with the BCLC stage A/B group (11%) (p = 0.023).

In this study, nodules with a heterogeneous enhancement pattern, especially a type 4 
enhancement pattern, showed significantly higher early treatment response rates compared 
with nodules with a homogeneous enhancement pattern (p = 0.042). Therefore, the high 
distribution of target nodules with heterogeneous enhancement in this cohort may have 
influenced the relatively high response rate in this cohort. In addition, 41 of 51 patients (80%) 
presented TACE failure/refractoriness, and the high number of TACE treatments (median of 
3) before initiation of lenvatinib may have caused the high distribution of heterogeneously 
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enhanced target nodules in this cohort. Previously, other researchers reported that TACE 
treatment induced a more malignant phenotype of HCC, including poorly-differentiated 
histology and CK19 expression indicative of the more aggressive biliary phenotype [33, 34].

In multivariate analysis, TACE failure/refractoriness was identified as one of the positive 
predictive factor for PFS in this study. The high number of TACE treatments before initiation 
of lenvatinib may also have strongly influenced this result.

On the other hand, in this study cohort, 30 of 51 patients (59%) received dynamic CT two 
to four times for evaluation of an early treatment response 2–12 weeks after lenvatinib initi-
ation, and the median RDI of lenvatinib was 100% at 2 weeks, 92% at 4 weeks, 74% at  
8 weeks, and 68% at 12 weeks. The RDI was kept at a relatively high level during those 2–12 
weeks as a result of close follow-up every 1–2 weeks and early AE management. Therefore, it 
is possible that many cases received dynamic CT at the best time for evaluation of treatment 
response. In addition, in this study the mALBI score had no effect on early treatment response. 
During the high-RDI period, the compatibility of tumor features and lenvatinib may most 
strongly affect early treatment response.

We suggest that as a result of these background features, this study cohort showed a rela-
tively high response rate compared with the results of the previously reported global phase 
III REFLECT trial [16].

Figure 5 illustrates our concept of therapeutic effectiveness considering tumor differen-
tiation.

In this study, HCC nodules with a heterogeneous enhancement pattern showed a signif-
icant early tumor response; however, there was no significant difference in PFS according to 
the heterogeneity of the dynamic CT enhancement pattern. Moreover, in the multivariate 
analysis, OR at 2–12 weeks was an independent predictive factor for favorable PFS. We spec-
ulated that even if HCC is of high malignant potential (type 3 and 4 enhancement patterns), if 
an OR is achieved, it does not affect PFS. On the other hand, in the type 4 enhancement group, 
the PPS was extremely poor, and no patient survived 9 months after being diagnosed with PD.

From these results, lenvatinib decreases the rate of tumor growth and extends PFS, 
regardless of tumor differentiation. However, the estimated PPS of poorly-differentiated HCC 
is extremely poor; therefore, we predict that the prognosis of poorly-differentiated HCC will 
not exceed that of moderately-differentiated HCC.

In this study, we performed a multivariate analysis to evaluate predictive factors for 
PFS, including treatment response at 2–12 weeks. In general, we should perform these 

Fig. 5. Concept of therapeutic  
effectiveness considering tumor 
differentiation. The rate of tumor 
growth decreased (downward ar-
rows), and PFS was extended 
(rightward arrows), regardless  
of tumor differentiation. Howev-
er, poorly-differentiated HCC has 
poor PPS; therefore, we predict 
that the prognosis of poorly-dif-
ferentiated HCC will not be better 
than that of moderately-differen-
tiated HCC. HCC, hepatocellular 
carcinoma; PFS, progression-free 
survival; PPS, postprogression 
survival.
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analyses using only pretreatment data. However, as is well known, lenvatinib achieves an 
extremely rapid treatment response, and this rapid response reflects PFS. In addition, 
adjusted PFS curves showed a clear difference according to the presence of OR to lenva-
tinib (Fig. 3).

The ability to predict the prognosis more accurately at the early stage of treatment is 
extremely useful in clinical practice. Therefore, in this study, we carried out a multivariate 
analysis including the effects of early treatment response at 2–12 weeks to identify predictive 
factors for PFS. However, an insufficient amount of preclinical or clinical data regarding rela-
tionship estimation of tumor differentiation using dynamic CT enhancement pattern and 
treatment response to TKIs exists. These potential mechanisms need to be further investi-
gated in future studies.

Figure 6 illustrates our proposed treatment strategy. For tumors with a homogeneous 
enhancement pattern, the early response rate to lenvatinib was high (ORR, 53%). Therefore, 
for tumors that are unresectable and have failed or are refractory to TACE, administration of 
lenvatinib should be considered. In contrast, tumors with a heterogeneous enhancement 
pattern (types 3 and 4) associated with a malignant gross type (SNEG and CMN) and that are 
histologically poorly differentiated [19] demonstrated a poor response to TACE [18, 35]. 
However, their response to lenvatinib was extremely high (ORR, 79–92%). Therefore, when 
the tumor status is unresectable and the initial TACE response is insufficient, lenvatinib 
should be immediately administered. However, since this strategy was developed based on 
the results of our small retrospective analysis, a multicenter study enrolling a larger number 
of patients is required to verify this strategy.

The majority of cases examined in this study are postmarketing cases, so long-term 
analysis has not yet been completed. However, after lenvatinib administration had been 
initiated in 1 patient (BCLC stage C) in a global phase III trial and in 3 patients (1 BCLC stage 
B and 2 BCLC stage C) in the postmarketing period, a cancer-free state was achieved following 
additional treatment. In addition, 2 of these patients have remained cancer-free even after 
discontinuing lenvatinib. Compared with other TKIs, lenvatinib appears to decrease blood 
flow very rapidly, and as a result, evaluation of response to the agent can be done quickly. In 
both of the cases described above, lenvatinib played a role as a bridging therapy for surgical 
resection, with the aim of achieving a cancer-free state. Most importantly, no new lesions 
appeared within the treatment period. Even if new lesions appear after surgical resection, 
they could possibly be controlled following reinitiation of lenvatinib.

Fig. 6. Strategy of lenvatinib ad-
ministration for patients with 
HCC tumors that are unresectable 
and have failed or are refractory 
to TACE. CT, computed tomogra-
phy; HCC, hepatocellular carcino-
ma; mRECIST, modified Response 
Evaluation Criteria in Solid Tu-
mors; TACE, transarterial chemo-
embolization.
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This study has some limitations. First, this was a retrospective, single-center, cohort 
study that evaluated a small number of patients. Second, the follow-up period of this trial was 
short compared with that of the global phase III REFLECT trial [16] (median follow-up period 
of 10.6 vs. 27.7 months); therefore, it is not yet possible to perform a high-quality prognostic 
analysis. Third, in this study, we evaluated the treatment response at 2–12 weeks. It is possible 
that the length of the evaluation period has some influence on the result. Finally, the diagnosis 
of HCC was based essentially on image analysis. A large-scale study is required to evaluate the 
utility of heterogeneous dynamic study enhancement patterns as biomarkers in the treatment 
of HCC by lenvatinib.

Conclusion

The CT enhancement pattern of HCC may predict response to lenvatinib. OR seems to 
occur more frequently in HCC presenting with oncologically aggressive features and may 
contribute to prolonged survival through a prolonged progression-free interval even in an 
oncologically poor-risk group of patients.
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