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ABSTRACT 

 

Background and Aims: Lenvatinib is an oral anticancer drug for patients with unresectable 

advanced hepatocellular carcinoma (HCC). We evaluated whether a reduction in tumor stain at 

2 weeks after lenvatinib treatment in patients with unresectable HCC is a predictor of early 

treatment efficacy at 12 weeks.  

Patients and Methods: Of the 23 patients who initiated lenvatinib treatment between April 2018 

and January 2019, treatment efficacy was measured in 15 patients for more than 12 weeks after 

treatment. Changes in tumor stain, tumor size on contrast-enhanced computed tomography 

(CT), and serum levels of tumor markers were evaluated 2 weeks after lenvatinib treatment. 

Therapeutic efficacy was assessed by tumor stain and tumor size by contrast-enhanced CT 

within the first 12 weeks, according to the modified Response Evaluation Criteria in Solid 

Tumors (mRECIST) guidelines. 

Results: At 12 weeks, efficacy evaluation of 15 patients revealed that 11 of them experienced 

partial responses, for a response rate of 73.3%. In the first 2 weeks, 13 patients (86.7%) 

experienced a decreased tumor stain, including 10 responders (90.9%) and 3 non-responders 

(75.0%). All patients in the non-responders group had required lenvatinib dose reduction due to 

adverse events within 12 weeks. On contrast-enhanced CT, the change rate of tumor stain to 

HCC at 2 weeks after treatment was <0.8 among 10 responders (90.9%) and 1 non-responder 

(25.0%; p = 0.033). No significant differences between responders and non-responders were 

observed with regard to most characteristics at baseline and at 2 weeks after treatment initiation. 

However, significant differences were observed between groups in the presence or absence of a 

dose suspension period, the presence or absence of lenvatinib dose reduction from the 

maximum value during the first 2 weeks, and decreased tumor stain at 2 weeks after treatment 

initiation.  

Conclusion: Reduction in tumor stain at 2 weeks after lenvatinib treatment may be an early 
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biomarker of efficacy at 12 weeks in patients with unresectable HCC. 

(314 words)
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Introduction 

 The death rate due to hepatocellular carcinoma (HCC) in Japan is the second largest 

among WHO member countries; thus, improved understanding of HCC disease measures is 

important in Japan [1]. In typical HCC cases, dynamic contrast-enhanced computed tomography 

(CE-CT) shows high absorption in the early arterial phase and low absorption in the portal 

phase [2]. The efficacy of recently introduced tyrosine kinase inhibitors (TKIs) has resulted in 

sporadic cases in which tumor staining has disappeared on CE-CT, but the tumor size has not 

changed. 

 The modified Response Evaluation Criteria in Solid Tumors (mRECIST) were proposed 

by Lencioni et al. to evaluate the diameter of tumor-stained areas on CE-CT in 2010 [3]. In 

HCCs characterized by hyperemia, disappearance of tumor density is considered to represent 

disappearance of viable tumor. In the treatment of HCC, in which tumor stain evaluation is 

critical, assessment of tumor staining is extremely appropriate.  

 Patients with advanced HCC that cannot be cured with conventional therapies have 

previously lacked effective treatment options, which changed with the introduction of 

multitargeted TKIs. In the pivotal Phase 3 lenvatinib mesylate (hereinafter called lenvatinib) 

trial, the median time to objective response was 2 months (95% confidence interval [CI]: 1.9 to 

3.5), indicating rapid tumor shrinkage [4]. The phenomenon of immediate tumor shrinkage is 

known as early tumor shrinkage, and is associated with clinical outcomes in patients with other 

malignancies. However, it remains unknown when lenvatinib-induced tumor shrinkage begins.  

Lenvatinib treatment has been reported to be associated with some serious adverse 

events (SAEs), the appearance of which causes a decline in patient QOL. Early imaging 

assessment appears to be very important for preventing SAEs resulting from lenvatinib 

treatment. In a previous study, we retrospectively examined the timing of lenvatinib-induced 

tumor shrinkage. However, the specific point within the 4-12–week period at which lenvatinib 

starts to shrink tumors remains unclear, because in many trials, initial imaging evaluation is 
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performed 4-12 weeks after treatment. Kuzuya et al. showed that changes in tumor stain on CE-

CT, alpha fetoprotein (AFP) levels, and remnant liver function after 2 weeks of sorafenib 

therapy may be useful for predicting outcomes and anti-tumor response to sorafenib in patients 

with advanced HCC [5].  

Based on these results, we conducted a prospective study to investigate the hypothesis 

that clinical changes (i.e., changes in tumor staining and AFP level) in the early post-dose period 

(i.e., 2 weeks post-dose) of lenvatinib therapy are useful indicators of therapeutic response. In 

this study, we evaluated whether a reduction in tumor stain 2 weeks after lenvatinib treatment in 

patients with unresectable HCC may be a predictor of early treatment efficacy at 12 weeks. 
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Patients and Methods 

Patients 

 From April 2018 to March 2019, 170 patients with HCC admitted to our institution 

(Fukuoka University Hospital) underwent various treatments for HCC, including resection, 

radiofrequency ablation (RFA), hepatic artery embolization (TACE), radiation therapy, systemic 

chemotherapy, and best supportive care (BSC). Of the 170 patients with HCC who were treated, 

23 (13.5%, n=170) patients received lenvatinib treatment (Figure 1). All 23 patients (18 men 

and 5 women) were diagnosed with HCC and underwent lenvatinib treatment at our hospital. 

These patients were required to stay in the hospital for a minimum of 2 weeks after treatment 

imitation. Five patients were lost to follow-up within 6 weeks, four patients had HCC without 

contrast effect, and one patient had difficulty with imaging assessment due to contrast agent 

allergy. The remaining 15 patients (13 men and 2 women) were enrolled in the present analysis. 

Retrospective demographic baseline (ie, at the time of initial lenvatinib treatment) data of theses 

15 patients are shown in Table 1. The median age was 71 years (range, 55-85 years), and the 

median body weight was 55.4 kg (range, 43.5-69.8 kg). Six patients had chronic hepatitis C and 

nine patients had cirrhosis. A variety of adverse events (AEs), both in type and grade, occurred 

during the observation period in all 15 patients.  

 

Medication 

 Although lenvatinib was prescribed at 8 mg/day or 12 mg/day depending on body weight 

based on the appropriate use guide for most patients, 4 mg/day or 8 mg/day was prescribed for 

some patients in consideration of patient background (Table 2). Most patients required dose 

interruption and dose reduction due to AEs, and the median day of initial dose reduction was day 

38 (range, 4-306 days). By 8 weeks after treatment initiation, the median dose of lenvatinib was 

8 mg/day (range, 0-12 mg/day). AEs were graded according to the Common Terminology Criteria 

for Adverse Events (CTCAE) version 4.0, and protocol-directed dose interruptions and dose 
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reductions were applied.  

 

Follow-up  

 Over the follow-up period from April 2018 to March 2019, no patients were lost to 

follow-up. After initial lenvatinib treatment, the median follow-up period was 190 days (range, 

83-330 days). Follow-up consisted of regular outpatient visits during which blood testing 

(including biochemical tests such as determination of levels of the tumor markers AFP and des-

gamma-carboxy prothrombin [DCP]) was conducted at 2-4 week intervals. Imaging was 

performed at 2 weeks and 12 weeks after initiation of lenvatinib treatment. Imaging was 

performed at 1-3–month intervals after the first 2 weeks of lenvatinib treatment, and consisted 

of evaluation of images acquired during the arterial dominant phase of multiphasic CE-CT. 

 

Data collection 

 Blood and biochemical data were evaluated at the start of lenvatinib therapy and at 2 

weeks after treatment initiation. Albumin level, total bilirubin, and prothrombin time were 

measured as indicators of liver function. Data regarding tumor factors, including tumor size, 

tumor number, tumor differentiation status, and vascular invasion, were collected at initial HCC 

diagnosis. Using Image J software (National Institutes of Health, USA), the area of the tumor-

stained region at the tumor’s maximum diameter was measured by CE-CT before and 2 weeks 

after treatment, and the ratio of these two measurements was determined. A decrease in blood 

flow of 20% was defined as “with a decrease in blood flow.” 

 

Statistical analysis 

All data were analyzed for normality and are reported as median (range) values. 

Nonparametric procedures were employed for analysis of background clinical parameters, and 

included the Mann-Whitney U-test. The χ2 test was used for comparisons between groups for 
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factors such as liver function and tumor markers. P-values <0.05 were considered significant. 

Data were analyzed using SPSS software, ver. 16.0 (SPSS Inc., Chicago, IL, USA). As 

mentioned above, CT images were analyzed using Image J software.  
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Results 

Evaluation of lenvatinib antitumor efficacy using mRECIST 

 The first evaluation of lenvatinib therapeutic efficacy using CE-CT was performed in all 

15 patients 12 weeks after treatment initiation. Therapeutic efficacy was determined based on 

mRECIST. Of the 8 excluded patients not evaluated by mRECIST, 3 patients had tumor 

markers reduced and 5 patients had tumor markers elevated. No complete responses (CRs) were 

observed; 11 patients experienced a partial response (PR), no patients experienced stable disease 

(SD), and 4 patients experienced progressive disease (PD), for an overall response rate (ORR) 

of 73% and a disease control rate (DCR) of 73%. 

 

Rate of change in tumor stain to HCC after lenvatinib treatment 

 Changes in tumor stain after treatment initiation in all 15 patients are shown in Figure 2. 

The tumor stain was reduced in most patients 2 weeks after treatment initiation. Only 2 patients 

experienced an increased tumor stain within the tumor, 1 of whom was started on lenvatinib 4 

mg/day due to concerns about AEs. After increasing the lenvatinib dose to 8 mg/day after 2 

weeks, the tumor stain decreased. Of the 13 patients with a decreased tumor stain at 2 weeks, 

the tumor stain continued to diminish in 10 patients (76.9%).  

 The responders group included patients with PR at 12 weeks, while the non-responders 

group included patients with PD. In the responders group, the tumor stain decreased in 10 

patients (90.9%) after 2 weeks. One patient experienced a continued tumor stain increase after 2 

weeks. In contrast, in the non-responders group, the tumor stain decreased in 3 patients (75.0%) 

after 2 weeks. Thus, 11 (73%) of the 15 patients continued to experience tumor stain changes 

that were consistent with the initial changes observed at 2 weeks. The rate of tumor stain 

changes at 2 weeks was significantly lower in the response group than in the non-responders 

group (p < 0.05) (Figure 3).  
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Comparison of maximum tumor diameter after lenvatinib treatment in responders and non-

responders 

Change in tumor size 2 weeks after initiation of lenvatinib treatment is shown in 

Figure 4. At 2 weeks after initiation of lenvatinib treatment, 6 cases of tumor growth and 9 cases 

of tumor shrinkage were observed. Of the 6 cases with increased tumor, tumor size continued to 

increase thereafter in 1 case (16.7%). Of the 9 cases of tumor reduction, 5 cases (55.6%) 

continued to experience reduction. The change in tumor size and the change in tumor stain were 

not necessarily consistent at 2 weeks. In the patient who received a lenvatinib starting dose of 4 

mg/day, the maximum tumor size decreased after the lenvatinib dose was increased, parallel to 

the change in tumor stain.  

 

Tumor markers change after lenvatinib treatment in responders and non-responders. 

Changes in AFP and DCP levels during lenvatinib administration are illustrated in 

Figure 5. The AFP level was decreased 2 weeks after the start of treatment in 11 cases, and the 

decrease continued in 8 of these cases (72.7%). In 2 cases, the AFP level increased 2 weeks 

after the start of treatment, and the increase continued in 1 of these cases (50%). No significant 

difference was observed between the responders group and the non-responders group in change 

of AFP value at 2 weeks after treatment. Similarly, no significant difference was observed 

between the responder group and the non-responder group in the change in DCP value two 

weeks after the treatment.  

 

Comparison of responder and non-responder characteristics at baseline and at 2 weeks after 

treatment initiation 

 The background characteristics of responders and non-responders at 12 weeks were 

compared between baseline and 2 weeks after treatment initiation (Table 3). No significant 

differences between responders and non-responders were observed at baseline. Furthermore, no 
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significant differences in many characteristics were observed between groups 2 weeks after 

treatment initiation. A rate of change in tumor stain <0.8 at 2 weeks after treatment was a 

significantly predictive factor of a 12-week response in advanced HCC. However, significant 

differences in the presence or absence of a lenvatinib dosing suspension period and in the 

presence or absence of the dose reduction from the maximum value during the first 2 weeks 

were found between groups.  
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Discussion 

 Single-agent therapy has been used in HCC since the introduction of sorafenib in 2009. 

In 2017, regorafenib was approved as a second-line treatment, and in 2018, lenvatinib was 

approved as a first-line treatment. Lenvatinib is a molecularly-targeted agent developed in 

Japan. It was initially indicated for unresectable thyroid cancer in 2015; the indication was 

expanded to include unresectable HCC in March 2018. Lenvatinib is an oral multikinase 

inhibitor that inhibits vascular endothelial growth factor (VEGF) receptors 1-3 (VEGFR 1-3), 

fibroblast growth factor (FGF) receptors 1-4 (FGFR1-4), platelet-derived growth factor (PDGF) 

receptor α (PDGFRA), stem cell factor receptor (KIT), and rearranged during transfection 

receptor (RET) [6,7]. Dual inhibition of the VEGF and FGF pathways in endothelial and tumor 

cells results in the concomitant suppression of activity of factors involved in both angiogenesis 

and tumor growth. 

 In a Phase 2 trial of lenvatinib 12 mg/day in patients with Child-Pugh A disease, the 

response rate was 37%. However, 50% of patients required lenvatinib dose reduction or 

withdrawal due to AEs [8]. Lenvatinib was compared to sorafenib as a first-line treatment for 

unresectable HCC in the multicenter, randomized (1:1 ratio), open-label, non-inferiority 

REFLECT Phase III trial. Overall survival of patients who received lenvatinib was shown to be 

non-inferior to that associated with sorafenib in patients with untreated advanced HCC [4]. With 

respect to real-world clinical practice data in Japan, one study reported a ORR and DCR of 

38.5% and 80.8%, respectively at 4 weeks, and 32.4% and 70.3%, respectively, at 12 weeks 

(n=37) [9]. In the present study, the ORR and DCR at 2 weeks were 53% and 87%, respectively, 

and 73% and 73%, respectively, at 12 weeks. Lenvatinib therefore appears to have very high 

therapeutic efficacy in HCC. However, many AEs can lead to discontinuation and dose 

reduction of lenvatinib [4,8], which may worsen patient performance status (PS). Therefore, to 

determine appropriate dosing of lenvatinib, early discontinuation, early dose reduction, and 

early prediction of treatment efficacy are considered to be necessary. AEs occurred during the 
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observation period in all 15 of the present patients, although the types and grades of AEs 

differed between patients. Understanding the benefit of lenvatinib early during treatment might 

thus be necessary to avoid unintended AEs.  

 In this study, mRECIST was used to determine treatment efficacy at 12 weeks. In HCC, 

many recent studies have shown a poor correlation between the clinical benefit provided by 

TKIs such as sorafenib or by locoregional interventional therapies using conventional methods 

of response assessment. Anatomic tumor response metrics can be misleading when applied to 

molecularly-targeted therapies or locoregional therapies in HCC. Therefore, mRECIST is often 

used to determine the therapeutic efficacy of HCC [10]. However, it is unclear whether observed 

tumor stain reductions are directly related to tumor cell necrosis. Therefore, in the present study, 

we evaluated not only the tumor shrinkage rate but also the tumor stain reduction rate on 

imaging at 2 weeks. 

 In the present study, although the degree of change in tumor stain at 2 weeks varied, a 

decreased tumor stain was observed in many cases. Thus, these results suggest that lenvatinib 

has a reducing effect on early tumor stain.  

 The results of this study also showed that it is possible to objectively assess treatment 

efficacy using CT very early (2 weeks) after treatment initiation, which can help in the 

determination of whether treatment should be continued. Changes in arterial blood flow after 2 

weeks were evaluated by comparing CT values in the tumor by CE-CT examination so as to be 

an objective evaluation.  

 In cases in which the tumor stain decreased at 2 weeks, a therapeutic effect could be 

obtained at 12 weeks by continuing lenvatinib treatment with sufficient side effect management. 

In addition, we consider that prevention of PS decline can lead to second-line treatment of HCC. 

 At the 12-week treatment evaluation, in which responders and non-responders were 

compared, significant differences were observed between the two groups with respect to the 

presence or absence of dose reduction and lenvatinib discontinuation. Thus, maintaining the 
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lenvatinib dose and continuing treatment is important for lenvatinib efficacy.  

 Lenvatinib has been approved for about 1 year, yet few reports of real-world clinical 

data have been published. Kodama et al. showed that the AFP value after 2 weeks is useful for 

predicting the subsequent treatment effect [11]; however, AFP was not a predictor in the present 

study. The reason for this difference is likely due to the higher AFP values in the study of 

Kodama et al. Therefore, for lenvatinib treatment of HCC patients with low AFP, blood flow 

reduction at 2 weeks after initial treatment may be a predictor of therapeutic efficacy. 

Furthermore, no studies have evaluated tumor stain or tumor size using CT as early as 2 weeks 

after treatment initiation. Therefore, the results of this study may be very important to optimize 

future lenvatinib treatment. 

 This study has some limitations. First, the number of cases was very small. In the 

future, it is necessary to accumulate data from a large number of cases from real clinical 

practice. Second, the observation period was very short. Therefore, comparison of the overall 

survival observed in this analysis to that observed in other studies is difficult at present; the only 

endpoint in this study was treatment efficacy on target nodules. The third limitation is that all of 

the present cases had HCCs characterized by a high tumor stain. Tumor stain changes with 

tumor differentiation in HCC, so many tumors in which the stain of HCC is reduced are 

observed in clinical practice. Therefore, the results of this study do not clarify the antitumor 

efficacy of lenvatinib in patients with the latter type of HCC.  

 In conclusion, reduction in tumor stain 2 weeks after lenvatinib treatment may be an 

early biomarker of efficacy at 12 weeks in patients with unresectable HCC. 
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Figure Legends 

Figure 1. Flow chart of the study design. A total of 23 patients met the inclusion criteria. 

Eight patients were rejected due to exclusion criteria. 

Figure 2. Rate of change in tumor stain to HCC after lenvatinib treatment. The tumor stain 

was reduced in 13 patients 2 weeks after treatment initiation. Of the 13 patients with a 

decreased tumor stain at 2 weeks, the tumor stain continued to diminish in 10 patients 

(76.9%). 

Figure 3. Changes in tumor stain at 2 weeks predict response rate at 12 weeks after 

treatment initiation. The responders group included patients with PR at 12 weeks, while the 

non-responders group included patients with PD. 

Figure 4. Changes of maximum tumor diameter after lenvatinib treatment. 

Figure 5. Tumor markers changes after lenvatinib treatment in responders and non-

responders. 



Patients treated with lenvatinib in our hospital

N=23

Patients included for data extraction 

N=15

8 patients rejected (due to exclusion criteria)

• 5 patients discontinued follow-up within 6 weeks

• 4 patients underwent imaging without contrast

• 1 patient could not receive contrast inspecting due to 

allergy to contrast agent

Figure 1.

HCC patients admitted to our hospital

N=170



N=15

Age, years (range) 71 (55-85)

Gender, male/female 13/2

Body weight, kg (range) 55.4 (43.5-69.8)

Etiology, HBV/HCV/NBNC 0/6/9

ECOG PS, 0/1 10/5

Prior TKI treatment, no/yes 12/3

Child-Pugh score, 5/6/7 8/5/2

BCLC stage, A/B/C 0/4/11

Tumor diameter, mm (range) 34 (14-200)

Tumor fibrous capsule, present/absent 7/8

Extrahepatic metastasis, present/absent 6/9

Vascular invasion, present/absent 9/6

Liver fibrosis, CH/LC 6/9

AFP, µg/L (range) 42.8 (4.0-74,680.5)

DCP, AU/L (range) 1,017 (13-516,327)

Observation period, days (range) 190 (83-330)

Table 1. Baseline characteristics. 

HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBV and non-HCV; ECOG, Eastern Cooperative 

Oncology Group; PS, performance status; TKI, tyrosine kinase inhibitor; BCLC, Barcelona Clinic Liver Cancer; CH, 

chronic hepatitis; LC, liver cirrhosis; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin



Week

1 2 3 4 5 6 7 8

No. of cases (interruptions)
15 (0) 15 (1) 15 (1) 15 (1) 15 (1) 15 (2) 14 (3) 13 (4)

Median dose, mg/day (range) 8
(4-12)

8
(4-12)

8
(0-12)

8
(0-12)

8
(0-12)

8
(0-12)

8
(0-12)

8
(0-12)

Table 2. Time-series dosage within 8 weeks.
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Figure 3.
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Figure 4.
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Figure 5.
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Responders (N=11) Non-responders (N=4) P value

At the start of treatment

Age, years (range) 70 (55-82) 74 (64-85) 0.571

Gender, male/female 10/1 3/1 0.476

Body weight, kg (range) 55.2 (43.5-68.2) 59.7 (46.2-69.8) 0.851

Etiology, HBV/HCV/NBNC 0/4/7 0/2/2 0.634

ECOG PS, 0/1 8/3 2/2 0.560

Child-Pugh score, 5/6/7 7/3/1 1/2/1 0.385

BCLC stage, B/C 3/8 1/3 0.930

Tumor diameter, mm (range) 51 (20-200) 29 (14-69) 0.226

Tumor fibrous capsule, present/absent 5/6 2/2 0.876

Extrahepatic metastasis, present/absent 4/7 2/2 0.634

Vascular invasion, present/absent 7/4 2/2 0.634

Liver fibrosis, CH/LC 4/7 2/2 0.634

AFP, µg/L (range) 163.3 (10.2-74,680.5) 52.6 (4.2-23,869.3) 0.661

AFP-L3, % (range) 31.0 (0.5-99.5) 6.6 (0.5-60.8) 0.851

DCP, AU/L (range) 752 (53-122,625) 38,875 (222-516,327) 0.226

At 2 weeks after treatment start

Child-Pugh score 

Deterioration/Improvement/Unchanged
3/0/8 1/0/3 0.930

Rate of change in tumor stain <0.8, yes/no 10/1 1/3 0.033

Change of AFP value, 2W/0W 0.83 (0.28-1.11) 0.89 (0.35-1.59) 0.661

Change of AFP-L3, 2W/0W 1.01 (0.89-1.13) 1.02 (0.94-2.16) 1.000

Change of DCP value, 2W/0W 1.17 (0.19-1.98) 1.19 (0.62-2.16) 0.949

Discontinuation, yes/no 2/9 4/0 0.011

Dose reduction, yes/no 3/8 4/0 0.026

Table 3. Characteristics of responders and non-responders at the start of treatment and after 2 weeks

HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBV and non-HCV; ECOG, Eastern Cooperative Oncology Group; PS, performance 

status; BCLC, Barcelona Clinic Liver Cancer; CH, chronic hepatitis; LC, liver cirrhosis; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; 

2W, 2 weeks; 0W, 0 weeks


