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Abstract: Lenvatinib was recently approved as a novel first-line molecular targeted agent (MTA)
for treating hepatocellular carcinoma (HCC). The importance of relative dose intensity (RDI) has
been shown in the treatment of various types of cancers. However, RDI may not accurately reflect
the treatment intensity of lenvatinib, as it is the first oral MTA where the dose is based on the
patient’s weight. We aimed to evaluate the utility of 2M-DBR (the delivered dose intensity/body
surface area ratio at 60 days) by comparing the relationship between 2M-DBR, 2M-RDI (RDI at
60 days), and the therapeutic response. The therapeutic response to lenvatinib was evaluated in
45 patients who underwent computed tomography 8–12 weeks after treatment initiation. We also
investigated the clinical factors associated with high 2M-DBR. The area under the receiver operating
characteristic of 2M-DBR that predicts the response to lenvatinib was higher than that of 2M-RDI
(0.8004 vs. 0.7778). Patients with high 2M-DBR achieved significantly better objective responses
and disease control rates than those with low 2M-DBR (p < 0.0001 and 0.0008). Patients with high
2M-DBR experienced significantly longer progression-free survival (PFS) than those with low 2M-DBR
(p = 0.0001), while there was no significant correlation between 2M-RDI levels and PFS (p = 0.2198).
Patients who achieved higher levels of 2M-DBR had a significantly better modified ALBI grade
(p = 0.0437), better CONUT score (p = 0.0222), and higher BTR (p = 0.0281). Multivariate analysis
revealed that high 2M-DBR was the only significant factor associated with longer PFS. In conclusion,
2M-DBR could be an important factor that reflects treatment intensity and useful for predicting the
response to lenvatinib against HCC, instead of 2M-RDI.

Keywords: ALBI grade; body surface area; dose intensity; hepatocellular carcinoma; lenvatinib;
molecular-targeted therapy; relative dose intensity

1. Introduction

Hepatocellular carcinoma (HCC) remains one of the leading causes of cancer-related deaths
globally [1]. For patients with advanced-stage HCC, systemic chemotherapy using molecular targeted
agents (MTA) has been the recommended standard treatment [2,3]. Sorafenib was approved in 2007
as the first MTA that demonstrated a significant survival benefit in patients with unresectable HCC
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based on the two Phase III studies [4,5]. However, due to its various adverse events (AEs) and limited
efficacy, identification of novel MTA compounds has been required. Recently, lenvatinib (Lenvima®,
Eisai Co., Ltd., Tokyo, Japan) was approved as a novel first-line MTA for unresectable HCC in the EU,
USA, and Asia, including Japan, China, Korea, and Taiwan, based on the Phase III REFLECT trial [6].

In order to optimize and maximize the therapeutic effects of pharmacotherapy, especially in
the case of anticancer drug treatment, it is essential to appropriately evaluate the patient’s condition
before administration, sufficiently manage AEs after initiation, and keep the dose intensity (DI) high.
The practicality of relative dose intensity (RDI), calculated as the percentage of the delivered DI
divided by the standard DI, has been shown to be an indicator of the treatment intensity of anticancer
drugs [7]. The correlations between RDI and therapeutic efficacy were reported in various types of
cancers, including breast cancer [8], pancreatic ductal adenocarcinoma [9], renal cell carcinoma [10],
malignant lymphoma [11], and HCC [12]. However, since lenvatinib is the first oral MTA that is dosed
by the patient’s weight (8 mg once a day for patients weighing <60 kg or 12 mg once a day for those
weighing ≥60 kg), RDI may not accurately reflect the actual treatment intensity, as is demonstrated in
the following examples.

Case 1: A 170 cm tall patient weighing 60 kg. He started lenvatinib at 12 mg once a day and
continued to take 12 mg once a day for the first 20 days. In the next 40 days, lenvatinib was reduced to
8 mg once a day due to AEs.

RDI at 60 days (2M-RDI) = 560 (12 mg × 20 days + 8 mg × 40 days)/720 (12 mg × 60 days) = 0.78 (78%). (1)

Case 2: A 170 cm tall patient of 59 kg. He started lenvatinib at 8 mg once a day and continued
with 8 mg for 60 days.

2M-RDI = 480 (8 mg × 60 days)/480 (8 mg × 60 days) = 1.00 (100%). (2)

Cases 1 and 2 are patients of almost the same weight, and Case 1 was administered with a higher
delivered DI compared to Case 2. However, there is a contradiction in the 2M-RDI between Cases 1
and 2. On the other hand, when the delivered DI/body surface area (BSA) ratio at 60 days (2M-DBR)
after lenvatinib induction is calculated in the same examples, then:

Case 1: 2M-DBR = 560 (12 mg × 20 days + 8 mg × 40 days)/1.695 m2 = 330.39, (3)

Case 2: 2M-DBR = 480 (8 mg × 60 days)/1.683 m2 = 285.23. (4)

Therefore, we hypothesized that 2M-DBR might reflect treatment intensity of lenvatinib more
accurately than 2M-RDI. This study aimed to evaluate the utility of 2M-DBR by comparing the
relationship between 2M-DBR or 2M-RDI and the therapeutic efficacy. We also investigated the clinical
factors and biomarkers that were associated with 2M-DBR.

2. Results

2.1. Baseline Characteristics of Patients

The baseline clinical characteristics of enrolled patients are shown in Table 1. The study included
37 males and 8 females (mean age, 70.4 years; age range, 50–85 years). Thirty patients weighed ≥60 kg,
and 15 patients weighed <60 kg. There were 6 patients with hepatitis B virus (HBV), 16 with hepatitis
C virus (HCV), and 23 with hepatitis of non-B non-C. Nucleot(s)ide analogues were administered to 4
patients with HBV infection. Eight patients with HCV-related hepatitis had achieved sustained viral
response by direct-acting agents or interferon-based therapy. There were 16 patients with a TNM stage
of III, 8 with stage IV A, and 21 with stage IV B. Five patients started lenvatinib as an initial treatment,
while 40 patients had a treatment history of HCC. There were 23 patients with a Child–Pugh score of 5,
16 patients with a Child–Pugh score of 6, and 6 patients with a Child-Pugh score of 7. Regarding an
initial dose of lenvatinib, 17 patients started with 12 mg, 25 patients started with 8 mg, and 3 patients
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started with 4 mg. Twenty-nine patients started lenvatinib with the standard dose, while 16 patients
started lenvatinib with a reduced dose.

Table 1. Baseline characteristics of patients.

Variable n = 45

Age (years, range) 70.4 ± 8.61 (50–85)
Gender (Male vs. Female) 37/8

Body weight (<60kg vs. ≥60kg) 15/30
Body surface area (m2) 1.72 ± 0.17

Etiology (HBV vs. HCV vs. non-B non-C) 6/16/23
TNM stage (III vs. IVA vs. IV B) 16/8/21

BCLC stage (B vs. C) 16/29
Treatment history (Naïve vs. recurrence)

<Treatment prior to lenvatinib> 5/40
Surgery 4

Radiofrequency ablation 1
TACE 25

Sorafenib 9
Regorafenib 1
AST (IU/L) 44.3 ± 24.7
ALT (IU/L) 28.0 ± 15.0

Platelets (x104/µL) 14.9 ± 7.00
ALB (g/dL) 3.56 ± 0.44

T-Bil (mg/dL) 0.90 ± 0.35
PT (%) 94.0 ± 15.5

Child–Pugh score (5A vs. 6A vs. 7B) 23/16/6
ALBI score −2.27 ± 0.40

mALBI grade (1 vs. 2a vs. 2b vs. 3) 11/13/21/0
BTR 5.85 ± 2.17

CONUT score 3.64 ± 1.80
FIB-4 index 5.17 ± 4.30

M2BPGi (cut-off index) 2.87 ± 2.93
AFP (ng/mL) 8844 ± 27760

DCP (mAU/mL) 5183 ± 9891
Initial dose of lenvatinib (4 mg vs. 8 mg vs. 12 mg) 3/25/17

Initial dose of lenvatinib (standard vs. reduced) 29/16

Values are presented as mean ± standard deviation (range) or number. Abbreviations: HBV, hepatitis B virus; HCV,
hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALB, albumin; T-Bil, total bilirubin; PT, prothrombin time; ALBI,
albumin-bilirubin; mALBI, modified ALBI; BTR, branched-chain amino acids tyrosine ratio; CONUT, Controlling
Nutrition Status; FIB-4, Fibrosis-4; M2BPGi, Mac-2-binding protein glycosylation isomer; AFP, α–fetoprotein; DCP,
des-γ-carboxy prothrombin.

2.2. Therapeutic Response to Lenvatinib According to 2M-RDI or 2M-DBR

Among 45 patients, 25 patients experienced down-dosing, and 18 patients experienced a temporary
interruption of lenvatinib during the first 60 days. The median 2M-RDI and 2M-DBR were 66.7%
(range, 11.7–100%) and 241.9 (range, 34.1–432.5), respectively. According to the results of the dynamic
contrast-enhanced computed tomography (CECT) scans evaluated at 8–12 weeks, complete response
(CR) was noted in 3 patients, partial response (PR) in 15, stable disease (SD) in 10, and progressive
disease (PD) in 17 patients following the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) guidelines. The objective response rate (ORR, CR + PR) and the disease control rate
(DCR, CR + PR + SD) at 8–12 weeks were 40.0% and 62.2%, respectively (Table 2).

In order to select the cut-off values that differentiate responders from non-responders,
we performed receiver operating characteristic (ROC) curve analyses of 2M-RDI and 2M-DBR to
predict the objective response (CR or PR), where we compared the area under the ROC (AUROC)
among them. As a result, the AUROC of 2M-RDI was 0.7778 at an optimal cut-off value of 66.1%
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(sensitivity, 88.9%; specificity, 66.7%; Figure 1a), while the AUROC of 2M-DBR was 0.8004 at an optimal
cut-off value of 238.9 (sensitivity, 94.4%; specificity, 70.4%; Figure 1b), which was higher than that
of 2M-RDI. When comparing the ORR and DCR, divided into two groups according to the 2M-DBR
levels, the ORR and DCR of the high 2M-DBR group (≥238.9, n = 25) were 68.0% and 84.0% (CR in 3,
PR in 14, SD in 4, and PD in 4), respectively, which were significantly higher than those of the low
2M-DBR group (<238.9, n = 20; 5.0% and 35.0%) (p < 0.0001 and p = 0.0008, see Table 3 and Figure 2).

Table 2. Response to lenvatinib at 8–12 weeks after lenvatinib induction.

Response n = 45

Complete response (CR) 3
Partial response (PR) 15
Stable disease (SD) 10

Progressive disease (PD) 17

Objective response rate (ORR) 40.0%
(18/45)

Disease control rate (DCR) 62.2%
(28/45)
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Table 3. Response to lenvatinib according to the 2M-DBR levels. 

Response High 2M-DBR group (n = 25) Low 2M-DBR group (n = 20) p value 
Complete response (CR) 3 0  

Partial response (PR) 14 1  
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Figure 1. Receiver operating characteristic (ROC) curve analyses of the relative dose intensity at 60 days
(2M-RDI) and the delivered dose intensity/body surface area ratio at 60 days (2M-DBR) to predict the
objective response to lenvatinib at 8–12 weeks. (a) The area under the ROC (AUROC) of 2M-RDI was
0.7778 at an optimal cut-off value of 66.1% (sensitivity, 88.9%; specificity, 66.7%). (b) The AUROC of
2M-DBR was 0.8004 at an optimal cut-off value of 238.9 (sensitivity, 94.4%; specificity, 70.4%), which was
higher than that of 2M-RDI.

Table 3. Response to lenvatinib according to the 2M-DBR levels.

Response High 2M-DBR
Group (n = 25)

Low 2M-DBR
Group (n = 20) p Value

Complete response (CR) 3 0
Partial response (PR) 14 1
Stable disease (SD) 4 6

Progressive disease (PD) 4 13

Objective response rate
(ORR)

68.0% 5.0%
<0.0001(17/25) (1/20)

Disease control rate
(DCR)

84.0% 35.0%
0.0008(21/25) (7/20)

Abbreviations: 2M-DBR, dose intensity/body surface area ratio at 60 days.
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Figure 2. Responses to lenvatinib of the 45 enrolled patients were evaluated by contrast-enhanced
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area ratio at 60 days (2M-DBR).

2.3. Adverse Events Related to Lenvatinib Therapy

AEs related to lenvatinib therapy is shown in Table 4. Hypertension was the most common AE in
the present study (Any grade: 55.6%, n = 25; Grade ≥3: 15.6%, n = 7), followed by general fatigue
(Any grade: 46.7%, n = 21), diarrhea (Any grade: 35.6%, n = 16), appetite loss (Any grade: 33.3%,
n = 15), hand–foot skin reaction (Any grade: 26.7%, n = 12), weight loss (Any grade: 24.4%, n = 11),
proteinuria (Any grade: 22.2%, n = 10), hypothyroidism (Any grade: 22.2%, n = 10), and hoarseness
(Any grade: 15.6%, n = 7).

Table 4. Adverse events (>10%).

Adverse Events Any Grade (%) Grade ≥3 (%)

Hypertension 25 (55.6) 7 (15.6)
General fatigue 21 (46.7) 2 (4.4)

Diarrhea 16 (35.6) 2 (4.4)
Appetite loss 15 (33.3) 2 (4.4)

Hand–foot skin reaction 12 (26.7) 1 (2.2)
Weight loss 11 (24.4) 1 (2.2)
Proteinuria 10 (22.2) 3 (6.7)

Hypothyroidism 10 (22.2) 1 (2.2)
Hoarseness 7 (15.6) 0

2.4. Relationship Between 2M-RDI or 2M-DBR and Progression-Free Survival

The median progression-free survival (PFS) of all enrolled patients was 123.0 days
(range, 60–551 days). When PFS was compared according to the 2M-RDI levels, there was no
significant difference between the PFS of the high 2M-RDI group (≥66.1%, n = 25) and that of the low
2M-RDI group (<66.1%, n = 20) (log-rank test, p = 0.2198, Figure 3a). On the other hand, the PFS of
the high 2M-DBR group was significantly longer than that of the low 2M-DBR group (log-rank test,
p = 0.0001, Figure 3b).
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Figure 3. Progression-free survival (PFS) according to the relative dose intensity at the 60 day (2M-RDI)
levels or the delivered dose intensity/body surface area ratio at 60 days (2M-DBR). (a) No significant
difference was noted in PFS between the high 2M-RDI group and the low 2M-RDI group (log-rank test,
p = 0.2198). (b) PFS of the high 2M-DBR group was significantly longer than that of the low 2M-DBR
group (log-rank test, p = 0.0001).

2.5. Comparison between Patients with High 2M-DBR and Low 2M-DBR

Next, we compared the baseline characteristics between the high 2M-DBR group and the low
2M-DBR group. Patients with high 2M-DBR had significantly higher BSA (p = 0.0309), a better modified
albumin-bilirubin (mALBI) grade (p = 0.0437), a higher branched-chain amino acids tyrosine ratio
(BTR, p = 0.0222), and a better Controlling Nutrition Status (CONUT) score (p = 0.0281), indicating that
well-preserved liver function and favorable nutritional status before treatment are essential for achieving
high 2M-DBR levels of lenvatinib (Table 5).

Table 5. Comparison between patients with high 2M-DBR and low 2M-DBR.

High 2M-DBR
Group (n = 25)

Low 2M-DBR
Group (n = 20) p Value

Age (years, range) 68.5 ± 8.47 72.8 ± 8.19 0.1018
Gender (male/female) 22/3 15/5 0.2226

Body weight (<60kg/≥60kg) 6/19 10/10 0.0702
BSA (m2) 1.76 ± 0.14 1.66 ± 0.18 0.0309

Etiology (HBV vs. HCV vs. non-B non-C) 5/8/12 1/8/11 0.3360
TNM stage (III vs. IVA vs. IV B) 9/3/13 7/5/8 0.4960

BCLC stage (B vs. C) 9/16 7/13 0.9445
Treatment history (Naïve vs. recurrence) 3/22 2/18 0.8320

AST (IU/L) 40.5 ± 19.9 49.0 ± 28.9 0.4172
ALT (IU/L) 27.0 ± 12.0 30.0 ± 18.8 0.9818

Platelets (×104/µL) 15.0 ± 7.01 14.7 ± 6.95 0.9272
ALB (g/dL) 3.63 ± 0.50 3.49 ± 0.35 0.1385

T-Bil (mg/dL) 0.84 ± 0.25 0.98 ± 0.43 0.2316
PT (%) 92.1 ± 15.2 96.3 ± 15.7 0.7975

Child–Pugh score (5A vs. 6A vs. 7B) 14/9/2 9/7/4 0.4804
ALBI score −2.33 ± 0.43 −2.18 ± 0.35 0.2007

mALBI grade (1 vs. 2a or 2b) 9/16 2/18 0.0437
BTR 6.78 ± 2.00 4.97 ± 1.94 0.0222

CONUT score 3.12 ± 1.70 4.30 ± 1.71 0.0281
FIB-4 index 4.67 ± 4.20 5.80 ± 4.33 0.2217

M2BPGi (cut-off index) 2.21 ± 2.61 3.60 ± 3.09 0.0760
Initial dose of lenvatinib(standard vs. reduced) 19/6 10/10 0.0702

Values are presented as mean ± standard deviation (range) or number. Abbreviations: 2M-DBR, dose intensity/body
surface area ratio at 60 days; BSA, body surface area; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC,
Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALB, albumin; T-Bil, total bilirubin; PT, prothrombin time; ALBI, albumin-bilirubin;
mALBI, modified ALBI; BTR, branched-chain amino acids tyrosine ratio; CONUT, Controlling Nutrition Status;
FIB-4, Fibrosis-4; M2BPGi, Mac-2-binding protein glycosylation isomer.
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2.6. Factors Associated with Progression-Free Survival

Finally, we investigated the factors associated with longer PFS in lenvatinib therapy by univariate
and multivariate analyses. The Cox proportional hazards model showed that baseline BTR and high
2M-DBR were associated with longer PFS, as per the univariate analyses (p = 0.0401 and p = 0.0003,
respectively). Multivariate analysis revealed that high 2M-DBR was the only significant factor
associated with longer PFS (hazard ratio (HR) = 0.29, 95% CI = 0.11–0.76; p = 0.0127) (Table 6).

Table 6. Comparison between patients with high 2M-DBR and low 2M-DBR.

Variable No. of Cases
Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

Age, years 35/10 0.70
(0.34–1.53) 0.3507(≥64 vs. <64)

Gender 8/37 1.69
(1.55–5.57) 0.2483(Female vs. Male)

Body weight 30/15 0.64
(0.32–1.35) 0.2300(≥ 60kg vs. < 60kg)

Body surface area, m2
29/16 0.53

(0.26–1.09) 0.0824(≥ 1.6623 vs. < 1.6623)
ALB 9/36 0.45

(0.15–1.06) 0.0697(≥ 4.0 g/dL vs. < 4.0 g/dL)
Child–Pugh score 22/23 1.32

(0.68–2.60) 0.4185(6 or 7 vs. 5)
mALBI grade 11/34 0.51

(0.19–1.15) 0.1106(1 vs. 2a or 2b)
BTR 8/25 0.36

(0.15–0.95) 0.0401
0.76

(0.27–2.18) 0.5971(≥ 4.36 vs. < 4.36)
CONUT score 20/25 1.64

(0.83–3.22) 0.1505(>3 vs. ≤ 3)
2M-RDI 25/20 0.66

(0.34–1.30) 0.2290(≥ 66.1% vs. < 66.1%)
2M-DBR 25/20 0.26

(0.13–0.54) 0.0003 0.29(0.11–0.76) 0.0127(≥ 238.9 vs. < 238.9)

Factors which showed a p value less than 0.05 in univariate analysis were used for further multivariate analysis with
a step-down procedure. Abbreviations: 2M-DBR, dose intensity/body surface area ratio at 60 days; ALB, albumin;
mALBI, modified albumin-bilirubin; BTR, branched-chain amino acid ratio; CONUT, Controlling Nutrition Status;
2M-RDI, relative dose intensity at 60 days; COI, cut-off index; HR, hazard ratio; CI, confidence interval.

3. Discussion

Lenvatinib was recently approved as a novel first-line tyrosine kinase inhibitor for unresectable
HCC based on the Phase III REFLECT trial [3,6]. The Phase II study performed before the REFLECT
trial revealed positive outcomes with an overall survival (OS) of 18.7 months, ORR of 37%, and DCR of
78% [13]. The dosage of lenvatinib in the Phase II study was set to 12 mg once a day until the disease
progression or the unacceptable toxicity was evident based on the results of the Phase I dose-escalation
study in 20 patients [14,15]. In the Phase II study, however, many patients required dose reduction
(74%) or drug discontinuation (22%) due to AEs. Therefore, based on these results and pharmacokinetic
analysis, the Phase III REFLECT trial proceeded with a planned dose of 8 mg once a day in patients
weighing <60 kg and 12 mg once a day in those weighing ≥60 kg [15]. As a result, lenvatinib met
its primary endpoint by demonstrating a prolonged effect on OS as confirmed by non-inferiority
to sorafenib, and led to a statistically significant improvement for all secondary efficacy endpoints,
including PFS, time to progression, and ORR [6]. Dose reductions and drug discontinuations due to
AEs were needed for 37% and 9%, respectively, which decreased compared with those in the Phase
II study.
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It is well accepted that RDI is a useful indicator for evaluating the feasibility of pharmacotherapy,
especially anticancer drug treatment [7]. The importance of RDI has also been reported in molecular
targeted therapy for HCC [12,16]. Wang et al. investigated the significance of RDI for the first month
(1M-RDI) of regorafenib in patients with HCC, which reported that patients with 1M-RDI ≥50%
showed significantly longer OS and PFS than patients with 1M-RDI <50% [12]. The standard dose
of regorafenib for HCC is 160 mg orally once a day, regardless of body weight [17]. On the other
hand, as mentioned earlier, the standard dose of lenvatinib is normally determined by the patient’s
weight; therefore, in order to accurately reflect the treatment intensity, another index is required besides
the RDI.

In the present study, we demonstrated for the first time that 2M-DBR could reflect the treatment
intensity of lenvatinib against HCC more accurately than 2M-RDI. The AUROC of 2M-DBR in predicting
the objective response to lenvatinib on CECT at 8–12 weeks after starting treatment was higher than
that of 2M-RDI (0.8004 vs. 0.7778). Patients with high 2M-DBR levels achieved significantly better ORR
and DCR than those with low 2M-DBR (p < 0.0001 and p = 0.0008). Furthermore, patients with high
2M-DBR experienced significantly longer PFS than those with low 2M-DBR (log-rank test, p < 0.0001),
while there was no significant correlation between 2M-RDI levels and PFS. Patients who achieved high
2M-DBR levels had a significantly higher BSA (p = 0.0309), a better baseline liver function (mALBI
grade (p = 0.0437)), and a better nutritional status (CONUT score (p = 0.0281) and BTR (p = 0.0222)).
In univariate analyses, the baseline BTR level and high 2M-DBR were correlated with longer PFS.
Multivariate analysis revealed that high 2M-DBR was the only significant factor associated with longer
PFS (p = 0.0127). Taken together, 2M-DBR is an important factor in reflecting treatment intensity and
predicting the response to lenvatinib, where the pretreatment liver function and nutritional status
are essential for achieving high 2M-DBR levels. Using 2M-DBR will help to develop an appropriate
lenvatinib treatment strategy tailored to the patient. From this study, it was shown that lenvatinib
achieves a high probability of objective response (CR or PR) and longer PFS if 2M-DBR was 238.9 or
higher. Therefore, by calculating the target dose of 60 days (2M-DBR ≥ 238.9) for each patient before
the treatment starts, it becomes possible to establish a treatment strategy that balances treatment effects
and AE management through an appropriate dosage adjustment after treatment starts.

Hiraoka et al. previously reported that the mALBI grade was the only significant prognostic factor
in HCC patients treated with lenvatinib [18]. Ueshima et al. also recently published the data of 82 HCC
patients, which demonstrated that patients with an mALBI grade of 1 had the lowest probability of
treatment discontinuation due to AEs (p < 0.01) [19]. They also showed that an mALBI grade of 1 was
a significant predictor of a high ORR (p < 0.05) [19]. In agreement with these reports, we confirmed
that the baseline mALBI grade was essential for obtaining high 2M-DBR levels. Interestingly, we also
identified, for the first time, that the pretreatment nutritional status, which was measured by the
CONUT score and BTR, was essential for achieving high 2M-DBR. The utility of the CONUT score
in predicting the patient’s prognosis treated with chemotherapy was reported in various types of
gastrointestinal cancers [20–22]. Although there was no significant correlation between the CONUT
score and PFS in lenvatinib treatment in our study (p = 0.1505), it may be worth reconsidering in a more
extensive cohort study. The impact of BTR as a prognostic factor in patients with HCC or liver cirrhosis
was well documented [23–25]. Tada et al. recently reported that BCAA therapy improved both OS
and disease-specific survival in HCC patients with low BTR levels [25]. Further studies with the
prospective design are required to clarify the utility of BCAA therapy during treatment with lenvatinib.

Our findings provide important clinical implications for the feasibility of 2M-DBR in assessing
treatment intensity and predicting the response to lenvatinib against HCC. However, our study has
some limitations. First, our study had a retrospective and single-center design with a limited sample
size. Therefore, the possibility of selection bias cannot be denied. Second, we could not evaluate
whether 2M-DBR has an impact on OS due to the limited sample size and relatively short observation
period. Additionally, the optimal cut-off value and the setting period of DBR should be investigated in
a large cohort study. Thus, in interpreting our findings, caution should be exercised. Further studies
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are desired to validate our observations and investigate the relationship between 2M-DBR and the
therapeutic efficacy of lenvatinib, including ORR, DCR, PFS, and OS.

4. Materials and Methods

4.1. Study Design

A total of 49 patients with unresectable HCC received treatment with lenvatinib at Kyoto
University Hospital (Kyoto, Japan) from March 2018 to September 2019. Among them, 45 patients,
who underwent dynamic CECT 8–12 weeks after treatment initiation, were included in this study
to evaluate the therapeutic response to lenvatinib. HCC was diagnosed based on the criteria of the
EASL practice guideline [2]. We collected the clinical data regarding these patients prior to treatment
with lenvatinib, including body weight, BSA, treatment history, hepatitis virus-related markers,
liver function markers (aspartate aminotransferase, alanine aminotransferase, platelet count, serum
albumin (ALB), total bilirubin, prothrombin time, Child–Pugh score/grade, albumin-bilirubin (ALBI)
score, mALBI grade), nutritional status markers (BTR, CONUT score), liver fibrosis markers (fibrosis-4
(FIB-4) index, Mac-2 binding protein glycosylation isomers (M2BPGi), tumor markers (α–fetoprotein,
des-γ-carboxy prothrombin), and tumor burdens that were determined by CECT scan. BSA was
calculated using the Du Bois formula: 0.007184 ×Height0.725

×Weight0.425. The ALBI score and mALBI
grade were calculated as previously reported [19,26]. The CONUT score was calculated using the serum
ALB, total cholesterol, and total lymphocyte count as was described previously [27,28]. The FIB-4 index
was calculated by age (years) × AST (IU/L)/PLT counts (×109/L) ×

√
ALT (IU/L) [29], while M2BPGi

levels were measured using the HISCL M2BPGi kit (Sysmex, Hyogo, Japan) [30]. The tumor node
metastasis (TNM) stage proposed by the American Joint Committee on Cancer/Union for International
Cancer Control was used for the evaluation of tumor progression. The ethics committee of Kyoto
University Hospital approved the protocol of this study (R1740). This study protocol conformed to the
ethical guidelines of the Declaration of Helsinki.

4.2. Protocol of Treatment with Lenvatinib

The initial dose of lenvatinib was 8 mg once a day to patients weighing <60 kg and 12 mg once
a day to those weighing ≥60 kg. However, at the discretion of the attending physician, a reduction
of the initial dose was allowed after obtaining informed consent. According to the guidelines for
administration of lenvatinib provided by the manufacturer, the dose of lenvatinib was reduced, or the
treatment was interrupted, when the patient experienced any unacceptable drug-related AEs. AEs were
assessed according to the National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.0. According to the administration guideline provided by the manufacturer, dose reduction
or temporary interruption of lenvatinib was maintained until the AEs were resolved to Grade 1 or 2.

4.3. Calculation of 2M-RDI and 2M-DBR

2M-RDI was calculated as the percentage of delivered DI (total delivered dose for the first 60 days)
divided by the standard DI of lenvatinib for 60 days. The standard DI of lenvatinib for 60 days was
as follows: 480 mg (8 mg × 60 days) in patients weighing <60 kg and 720 mg (12 mg × 60 days) in
patients weighing ≥60 kg.

2M-DBR was calculated as the delivered DI for the first 60 days divided by BSA. BSA was
calculated based the patient’s height and body weight just before treatment initiation of lenvatinib.

4.4. Evaluation of Therapeutic Response

Dynamic CECT scans were carried out every 8–12 weeks after treatment initiation to evaluate the
therapeutic response to lenvatinib. The response to lenvatinib (CR, PR, SD, or PD) was evaluated by
investigators following the mRECIST guidelines [31].
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4.5. Statistical Analyses

ROC curve analyses were performed to calculate the AUROC and selecting the optimal cut-off

value that maximized the sum of both the sensitivity and specificity (Figure 1). Survival curves were
created using the Kaplan–Meier method and compared by the log-rank test (Figure 3). The differences
in categorical variables between the groups were analyzed using the Pearson’s chi-square test for
categorical variables (Table 3; Table 5), Welch’s t-test for continuous variables that showed a normal
distribution (ALB and prothrombin time in Table 5), or Mann-Whitney’s U test for continuous variables
that did not show a normal distribution (Age, BSA, total bilirubin, ALBI score, BTR, CONUT score,
FIB-4 index, and M2BPGi in Table 5). A Cox proportional hazards model was used to detect the HR
for univariate and multivariate analyses (Table 6). The PFS was measured from the date of lenvatinib
administration to the date of radiological tumor progression or death from any cause. A p-value of
< 0.05 was considered statistically significant. Statistical analyses were performed using JMP® Pro 14
for Windows (SAS Institute, Cary, NC, USA) or Easy R (EZR), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria) [32].

5. Conclusions

We demonstrated, for the first time, that 2M-DBR could be a significant factor reflecting treatment
intensity that could be useful for predicting the response to lenvatinib in patients with HCC. In lenvatinib
therapy, pretreatment liver function as well as a favorable nutritional status is essential for achieving
high 2M-DBR levels, while every effort should be made to minimize dose reductions through the
appropriate management of AEs.

Author Contributions: Conceptualization, Y.E.; data curation, Y.E.; formal analysis, Y.E.; funding acquisition, Y.E.;
investigation, Y.E.; methodology, Y.E. and A.T.; project administration, Y.E., H.T. and A.T.; resources, A.T., K.T.
(Ken Takahashi), K.T. (Kojiro Taura) and H.S.; supervision, H.S.; writing—original draft, Y.E.; writing—review and
editing, S.N., M.M., S.A., E.I., F.N., H.T., A.T., K.T. (Ken Takahashi), K.T. (Kojiro Taura) and H.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was supported by The Ministry of Education, Culture, Sports, Science and Technology
(MEXT) KAKENHI Grant Number 19K17458.

Acknowledgments: We would like to thank Hitomi Eso and our family, and the medical staffs at Kyoto
University Hospital for their support and assistance with data collection. We would also like to thank Editage
(http://www.editage.jp) for English language editing.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Akinyemiju, T.; Abera, S.; Ahmed, M.; Alam, N.; Alemayohu, M.A.; Allen, C.; Al-Raddadi, R.;
Alvis-Guzman, N.; Amoako, Y.; Artaman, A.; et al. The Burden of Primary Liver Cancer and Underlying
Etiologies from 1990 to 2015 at the Global, Regional, and National Level: Results from the Global Burden of
Disease Study 2015. JAMA Oncol. 2017, 3, 1683–1691. [PubMed]

2. Galle, P.R.; Forner, A.; Llovet, J.M.; Mazzaferro, V.; Piscaglia, F.; Raoul, J.L.; Schirmacher, P.; Vilgrain, V.
EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236.
[CrossRef] [PubMed]

3. Eso, Y.; Marusawa, H. Novel approaches for molecular targeted therapy against hepatocellular carcinoma.
Hepatol. Res. 2018, 48, 597–607. [CrossRef] [PubMed]

4. Llovet, J.M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.F.; de Oliveira, A.C.; Santoro, A.; Raoul, J.L.;
Forner, A.; et al. Sorafenib in advanced hepatocellular carcinoma. N. Engl. J. Med. 2008, 359, 378–390.
[CrossRef] [PubMed]

5. Cheng, A.L.; Kang, Y.K.; Chen, Z.; Tsao, C.J.; Qin, S.; Kim, J.S.; Luo, R.; Feng, J.; Ye, S.; Yang, T.S.; et al.
Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular carcinoma:
A phase III randomised, double-blind, placebo-controlled trial. Lancet Oncol. 2009, 10, 25–34. [CrossRef]

http://www.editage.jp
http://www.ncbi.nlm.nih.gov/pubmed/28983565
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/pubmed/29628281
http://dx.doi.org/10.1111/hepr.13181
http://www.ncbi.nlm.nih.gov/pubmed/29689631
http://dx.doi.org/10.1056/NEJMoa0708857
http://www.ncbi.nlm.nih.gov/pubmed/18650514
http://dx.doi.org/10.1016/S1470-2045(08)70285-7


Cancers 2020, 12, 49 11 of 12

6. Kudo, M.; Finn, R.S.; Qin, S.; Han, K.H.; Ikeda, K.; Piscaglia, F.; Baron, A.; Park, J.W.; Han, G.; Jassem, J.; et al.
Lenvatinib versus sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma:
A randomised phase 3 non-inferiority trial. Lancet 2018, 391, 1163–1173. [CrossRef]

7. Havrilesky, L.J.; Reiner, M.; Morrow, P.K.; Watson, H.; Crawford, J. A review of relative dose intensity and
survival in patients with metastatic solid tumors. Crit Rev. Oncol. Hematol. 2015, 93, 203–210. [CrossRef]

8. Schraa, S.J.; Frerichs, K.A.; Agterof, M.J.; Hunting, J.C.B.; Los, M.; de Jong, P.C. Relative dose intensity as a
proxy measure of quality and prognosis in adjuvant chemotherapy for breast cancer in daily clinical practice.
Eur. J. Cancer 2017, 79, 152–157. [CrossRef]

9. Yabusaki, N.; Fujii, T.; Yamada, S.; Murotani, K.; Sugimoto, H.; Kanda, M.; Nakayama, G.; Koike, M.;
Fujiwara, M.; Kodera, Y. The significance of relative dose intensity in adjuvant chemotherapy of pancreatic
ductal adenocarcinoma-including the analysis of clinicopathological factors influencing relative dose intensity.
Med. (Baltim.) 2016, 95, e4282. [CrossRef]

10. Ishihara, H.; Takagi, T.; Kondo, T.; Iwamoto, K.; Tachibana, H.; Yoshida, K.; Omae, K.; Iizuka, J.; Kobayashi, H.;
Tanabe, K. Decreased relative dose intensity during the early phase of treatment impacts the therapeutic
efficacy of sunitinib in metastatic renal cell carcinoma. Jpn. J. Clin. Oncol. 2018, 48, 667–672. [CrossRef]

11. Yamaguchi, H.; Hirakawa, T.; Inokuchi, K. Importance of relative dose intensity in chemotherapy for diffuse
large B-cell lymphoma. J. Clin. Exp. Hematop. 2011, 51, 1–5. [CrossRef] [PubMed]

12. Wang, W.; Tsuchiya, K.; Kurosaki, M.; Yasui, Y.; Inada, K.; Kirino, S.; Yamashita, K.; Sekiguchi, S.; Hayakawa, Y.;
Osawa, L.; et al. Sorafenib-Regorafenib Sequential Therapy in Japanese Patients with Unresectable
Hepatocellular Carcinoma-Relative Dose Intensity and Post-Regorafenib Therapies in Real World Practice.
Cancers 2019, 11, 1517. [CrossRef] [PubMed]

13. Ikeda, K.; Kudo, M.; Kawazoe, S.; Osaki, Y.; Ikeda, M.; Okusaka, T.; Tamai, T.; Suzuki, T.; Hisai, T.; Hayato, S.;
et al. Phase 2 study of lenvatinib in patients with advanced hepatocellular carcinoma. J. Gastroenterol.
2017, 52, 512–519. [CrossRef] [PubMed]

14. Ikeda, M.; Okusaka, T.; Mitsunaga, S.; Ueno, H.; Tamai, T.; Suzuki, T.; Hayato, S.; Kadowaki, T.; Okita, K.;
Kumada, H. Safety and Pharmacokinetics of Lenvatinib in Patients with Advanced Hepatocellular Carcinoma.
Clin. Cancer Res. 2016, 22, 1385–1394. [CrossRef] [PubMed]

15. Tamai, T.; Hayato, S.; Hojo, S.; Suzuki, T.; Okusaka, T.; Ikeda, K.; Kumada, H. Dose Finding of
Lenvatinib in Subjects With Advanced Hepatocellular Carcinoma Based on Population Pharmacokinetic and
Exposure-Response Analyses. J. Clin. Pharm. 2017, 57, 1138–1147. [CrossRef] [PubMed]

16. Takahashi, A.; Moriguchi, M.; Seko, Y.; Ishikawa, H.; Yo, T.; Kimura, H.; Fujii, H.; Shima, T.; Mitsumoto, Y.;
Ishiba, H.; et al. Impact of Relative Dose Intensity of Early-phase Lenvatinib Treatment on Therapeutic
Response in Hepatocellular Carcinoma. Anticancer Res. 2019, 39, 5149–5156. [CrossRef]

17. Bruix, J.; Qin, S.; Merle, P.; Granito, A.; Huang, Y.H.; Bodoky, G.; Pracht, M.; Yokosuka, O.; Rosmorduc, O.;
Breder, V.; et al. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib
treatment (RESORCE): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017, 389, 56–66.
[CrossRef]

18. Hiraoka, A.; Kumada, T.; Atsukawa, M.; Hirooka, M.; Tsuji, K.; Ishikawa, T.; Takaguchi, K.; Kariyama, K.;
Itobayashi, E.; Tajiri, K.; et al. Prognostic factor of lenvatinib for unresectable hepatocellular carcinoma in
real-world conditions-Multicenter analysis. Cancer Med. 2019, 8, 3719–3728. [CrossRef]

19. Ueshima, K.; Nishida, N.; Hagiwara, S.; Aoki, T.; Minami, T.; Chishina, H.; Takita, M.; Minami, Y.; Ida, H.;
Takenaka, M.; et al. Impact of Baseline ALBI Grade on the Outcomes of Hepatocellular Carcinoma Patients
Treated with Lenvatinib: A Multicenter Study. Cancers 2019, 11, 952. [CrossRef]

20. Asama, H.; Suzuki, R.; Takagi, T.; Sugimoto, M.; Konno, N.; Watanabe, K.; Nakamura, J.; Kikuchi, H.;
Takasumi, M.; Sato, Y.; et al. Evaluation of inflammation-based markers for predicting the prognosis of
unresectable pancreatic ductal adenocarcinoma treated with chemotherapy. Mol. Clin. Oncol. 2018, 9, 408–414.
[CrossRef]

21. Daitoku, N.; Miyamoto, Y.; Tokunaga, R.; Sakamoto, Y.; Hiyoshi, Y.; Iwatsuki, M.; Baba, Y.; Iwagami, S.;
Yoshida, N.; Baba, H. Controlling Nutritional Status (CONUT) Score Is a Prognostic Marker in Metastatic
Colorectal Cancer Patients Receiving First-line Chemotherapy. Anticancer Res. 2018, 38, 4883–4888. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/S0140-6736(18)30207-1
http://dx.doi.org/10.1016/j.critrevonc.2014.10.006
http://dx.doi.org/10.1016/j.ejca.2017.04.001
http://dx.doi.org/10.1097/MD.0000000000004282
http://dx.doi.org/10.1093/jjco/hyy078
http://dx.doi.org/10.3960/jslrt.51.1
http://www.ncbi.nlm.nih.gov/pubmed/21628854
http://dx.doi.org/10.3390/cancers11101517
http://www.ncbi.nlm.nih.gov/pubmed/31601010
http://dx.doi.org/10.1007/s00535-016-1263-4
http://www.ncbi.nlm.nih.gov/pubmed/27704266
http://dx.doi.org/10.1158/1078-0432.CCR-15-1354
http://www.ncbi.nlm.nih.gov/pubmed/26500236
http://dx.doi.org/10.1002/jcph.917
http://www.ncbi.nlm.nih.gov/pubmed/28561918
http://dx.doi.org/10.21873/anticanres.13710
http://dx.doi.org/10.1016/S0140-6736(16)32453-9
http://dx.doi.org/10.1002/cam4.1909
http://dx.doi.org/10.3390/cancers11070952
http://dx.doi.org/10.3892/mco.2018.1696
http://dx.doi.org/10.21873/anticanres.12802
http://www.ncbi.nlm.nih.gov/pubmed/30061264


Cancers 2020, 12, 49 12 of 12

22. Hikage, M.; Taniyama, Y.; Sakurai, T.; Sato, C.; Takaya, K.; Okamoto, H.; Konno, T.; Ujiie, N.; Naitoh, T.;
Unno, M.; et al. The Influence of the Perioperative Nutritional Status on the Survival Outcomes for
Esophageal Cancer Patients with Neoadjuvant Chemotherapy. Ann. Surg. Oncol. 2019, 26, 4744–4753.
[CrossRef] [PubMed]

23. Tada, T.; Kumada, T.; Toyoda, H.; Kiriyama, S.; Tanikawa, M.; Hisanaga, Y.; Kanamori, A.; Kitabatake, S.;
Yama, T. Impact of the branched-chain amino acid to tyrosine ratio and branched-chain amino acid granule
therapy in patients with hepatocellular carcinoma: A propensity score analysis. J. Gastroenterol. Hepatol.
2015, 30, 1412–1419. [CrossRef] [PubMed]

24. Ishikawa, T.; Imai, M.; Ko, M.; Sato, H.; Nozawa, Y.; Sano, T.; Iwanaga, A.; Seki, K.; Honma, T.; Yoshida, T.
Evaluation of the branched-chain amino acid-to-tyrosine ratio prior to treatment as a prognostic predictor in
patients with liver cirrhosis. Oncotarget 2017, 8, 79480–79490. [CrossRef]

25. Tada, T.; Kumada, T.; Toyoda, H.; Yasuda, S.; Koyabu, T.; Nakashima, M. Impact of Branched-Chain Amino
Acid Granule Therapy in Patients with Hepatocellular Carcinoma Who Have Normal Albumin Levels and
Low Branched-Chain Amino Acid to Tyrosine Ratios. Nutr. Cancer 2019, 71, 1132–1141. [CrossRef]

26. Hiraoka, A.; Kumada, T.; Hirooka, M.; Tsuji, K.; Itobayashi, E.; Kariyama, K.; Ishikawa, T.; Tajiri, K.; Ochi, H.;
Tada, T.; et al. A better method for assessment of hepatic function in hepatocellular carcinoma patients
treated with radiofrequency ablation: Usefulness of albumin-bilirubin grade. Hepatol. Res. 2018, 48, E61–E67.
[CrossRef]

27. Ignacio de Ulíbarri, J.; González-Madroño, A.; de Villar, N.G.; González, P.; González, B.; Mancha, A.;
Rodríguez, F.; Fernández, G. CONUT: a tool for controlling nutritional status. First validation in a hospital
population. Nutr. Hosp. 2005, 20, 38–45.

28. Eso, Y.; Takai, A.; Taura, K.; Takahashi, K.; Ueda, Y.; Marusawa, H.; Seno, H. Association of Mac-2-binding
protein glycosylation isomer level with nutritional status in chronic liver disease. J. Gastroenterol. Hepatol.
2018, 33, 1649–1658. [CrossRef]

29. Sterling, R.K.; Lissen, E.; Clumeck, N.; Sola, R.; Correa, M.C.; Montaner, J.; S Sulkowski, M.; Torriani, F.J.;
Dieterich, D.T.; Thomas, D.L.; et al. Development of a simple noninvasive index to predict significant fibrosis
in patients with HIV/HCV coinfection. Hepatology 2006, 43, 1317–1325. [CrossRef]

30. Yamasaki, K.; Tateyama, M.; Abiru, S.; Komori, A.; Nagaoka, S.; Saeki, A.; Hashimoto, S.; Sasaki, R.;
Bekki, S.; Kugiyama, Y.; et al. Elevated serum levels of Wisteria floribunda agglutinin-positive human Mac-2
binding protein predict the development of hepatocellular carcinoma in hepatitis C patients. Hepatology
2014, 60, 1563–1570. [CrossRef]

31. Lencioni, R.; Llovet, J.M. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin. Liver
Dis. 2010, 30, 52–60. [CrossRef] [PubMed]

32. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow
Transpl. 2013, 48, 452–458. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1245/s10434-019-07742-9
http://www.ncbi.nlm.nih.gov/pubmed/31440925
http://dx.doi.org/10.1111/jgh.12954
http://www.ncbi.nlm.nih.gov/pubmed/25799910
http://dx.doi.org/10.18632/oncotarget.18447
http://dx.doi.org/10.1080/01635581.2019.1597905
http://dx.doi.org/10.1111/hepr.12927
http://dx.doi.org/10.1111/jgh.14130
http://dx.doi.org/10.1002/hep.21178
http://dx.doi.org/10.1002/hep.27305
http://dx.doi.org/10.1055/s-0030-1247132
http://www.ncbi.nlm.nih.gov/pubmed/20175033
http://dx.doi.org/10.1038/bmt.2012.244
http://www.ncbi.nlm.nih.gov/pubmed/23208313
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Baseline Characteristics of Patients 
	Therapeutic Response to Lenvatinib According to 2M-RDI or 2M-DBR 
	Adverse Events Related to Lenvatinib Therapy 
	Relationship Between 2M-RDI or 2M-DBR and Progression-Free Survival 
	Comparison between Patients with High 2M-DBR and Low 2M-DBR 
	Factors Associated with Progression-Free Survival 

	Discussion 
	Materials and Methods 
	Study Design 
	Protocol of Treatment with Lenvatinib 
	Calculation of 2M-RDI and 2M-DBR 
	Evaluation of Therapeutic Response 
	Statistical Analyses 

	Conclusions 
	References

