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Abstract

A deteriorated liver functional reserve during systemic therapy for unresectable hepatocellu-

lar carcinoma (HCC) causes poor patient outcomes. We aimed to identify predictive factors

associated with the deterioration of Child-Pugh score at 8 weeks after lenvatinib initiation.

Patients with adequate clinical data and baseline preserved serum samples available were

included. Baseline fibroblast growth factor (FGF)19 and 21, angiopoietin (ANG)2, and vas-

cular endothelial growth factor (VEGF) levels were evaluated. Thirty-seven patients were

included, and 6, 15, 14, and 2 experienced complete response, partial response, stable dis-

ease, and progressive disease, respectively. Twenty-four (65%) and 13 (35%) patients

showed a maintained/improved and deteriorated Child-Pugh-score, respectively. While

baseline clinical data, treatment response, and laboratory data were similar between

these two patient groups, baseline ANG2 and VEGF levels were significantly higher (P =

0.0017) and lower (P = 0.0231), respectively, in patients with deteriorated Child-Pugh score

than in those without. Based on receiver operating characteristic curve analysis, cut-off val-

ues for ANG2 and VEGF were found to be 3,108 pg/mL and 514.9 pg/mL, respectively.

Among patients with low VEGF and high ANG2, 89% (8/9) exhibited a deteriorated Child-

Pugh score, whereas none of the patients (0/9) with high VEGF and low ANG2 did. The

deterioration of the Child-Pugh score in patients with unresectable HCC who are treated

with lenvatinib may be predictable based on combined baseline serum ANG2 and VEGF

levels.
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Introduction

Hepatocellular carcinoma (HCC) is one of the major causes of cancer-related death worldwide

[1]. Novel therapeutic options and proper treatment strategies for patients with advanced

HCC are crucially needed. As various clinical trials on novel systemic therapies for unresect-

able HCC could not demonstrate significant efficacy of multikinase inhibitors, including suni-

tinib, brivanib, and linifanib, or even report non-inferiority compared to sorafenib [2–4],

systemic therapy is limited to sorafenib alone [5]. This limited therapeutic option might con-

tribute to the poor prognosis of patients with advanced HCC. Quite recently, another multiki-

nase inhibitor, regorafenib [6], and a monoclonal antibody targeting vascular endothelial

growth factor receptor (VEGFR) 2, ramucirumab [7], have been approved as second-line sys-

temic therapies, whereas the multikinase inhibitor lenvatinib [8] has been approved as first-

line systemic therapy for patients with advanced HCC. More recently, combination therapy

with the VEGF inhibitor bevacizumab and programmed death ligand 1 (PD-L1) inhibitor ate-

zolizumab resulted in better overall survival (OS) and progression-free survival (PFS) than sor-

afenib treatment in patients with unresectable HCC [9]. Therefore, for patients with

unresectable HCC, sequential therapy consisting of these novel therapies is currently available.

However, most of these patients have a deteriorated liver functional reserve due to chronic

liver disease, such as hepatitis C or B virus infection or nonalcoholic steatohepatitis, affecting

their prognosis [10] and limiting their therapeutic options.

Lenvatinib, which targets VEGFR1–3, fibroblast growth factor receptors 1–4, platelet-

derived growth factor receptor-α, c-Kit, and rearranged during transfection proto-oncogene

[11, 12], demonstrated non-inferiority to sorafenib in terms of OS in unresectable HCC [8].

The efficacy and safety of lenvatinib in patients with unresectable HCC have been demonstrated

in a real-world setting [13–17]. However, some patients experienced deterioration of the liver

functional reserve during lenvatinib treatment for HCC. Recently, Terashima et al. reported

that maintenance of the liver functional reserve during tyrosine kinase inhibitor (TKI) therapy

for advanced HCC contributed to better OS and PFS [18]. However, predictive factors for dete-

riorating liver functional reserves during TKI therapy have not been fully elucidated.

Yang et al. reported that normal hepatic sinusoidal microvessel density was reduced by

VEGF-specific blockade [19]. A reduced liver blood flow may cause liver functional reserve

deterioration; thus, we hypothesized that baseline serum growth factors, including VEGF,

fibroblast growth factors (FGFs), and angiopoietin (ANG), might be involved in liver func-

tional reserve deterioration during TKI therapy. Therefore, we evaluated their association with

deterioration of the liver functional reserve at 8 weeks after lenvatinib initiation for unresect-

able HCC.

Materials and methods

Patients and study design

We screened patients with unresectable HCC who were treated with lenvatinib at Hokkaido

University Hospital and related hospitals between April 2018 and January 2020. Patients were

included if they were treated with lenvatinib, were followed for more than 2 months, under-

went dynamic computed tomography (CT) at baseline and every 2 to 3 months for evaluation

of the treatment response, and had baseline preserved serum samples for the evaluation of

serum growth factors as biomarkers and adequate clinical data available. Patients were

excluded if they were followed for less than 2 months, received lenvatinib in conjunction with

other treatments, had insufficient clinical data or no baseline preserved serum samples avail-

able, or lacked proper treatment response evaluation by dynamic CT.
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Baseline clinical data, including sex; age; etiology of HCC; laboratory data, including alpha-

fetoprotein (AFP) and des-gamma-carboxyprothrombin; Barcelona Clinic Liver Cancer

(BCLC) stage; Child-Pugh score; and serum levels of FGF19, FGF21, ANG2, and VEGF, were

collected. The patients were evaluated using laboratory tests and physical examination every 2

weeks after lenvatinib initiation. The treatment response was evaluated based on enhanced CT

every 2 to 3 months after lenvatinib initiation.

This study was approved by the ethics committee of Hokkaido University Hospital

(approval number: 017–0521). All patient’s data were fully anonymized, and were obtained

from Hokkaido University Hospital and JCHO Hokkaido Hospital. The date range during

which patients’ medical records were accessed, was April 2018-January 2020. All patients pro-

vided written informed consent to participate in the study and were provided the option to

decline participation. This study conformed to the ethics guidelines of the Declaration of

Helsinki.

Evaluation of treatment response and changes in liver functional reserves

Changes in liver functional reserves were evaluated as changes in the Child-Pugh score

between baseline and 8 weeks post treatment initiation, since we evaluated most patients’ treat-

ment response using an enhanced CT at 8 weeks post treatment and decided to either continue

or discontinue lenvatinib treatment. Treatment responses to lenvatinib were evaluated every 2

to 3 months after lenvatinib initiation using the modified Response Evaluation Criteria in

Solid Tumors criteria, based on dynamic CT [20]. The best response during the treatment was

defined as the treatment response.

Analysis of baseline serum biomarkers

Serum VEGF, ANG2, FGF19, and FGF21 levels were evaluated using commercial enzyme-

linked immunosorbent assays (VEGF, ANG2, and FGF19: R&D Systems, Minneapolis, MN,

USA; FGF21: Merck Millipore, Darmstadt, Germany) according to the manufacturers’ proto-

cols [14].

Treatment protocol

Lenvatinib was administered orally once daily at a dose of 8 or 12 mg for patients who weighed

<60 or�60 kg, respectively. Lenvatinib was discontinued if disease progression or unaccept-

able adverse events were observed. The lenvatinib dose was adjusted by the attending physician

based on adverse events and tolerability.

Statistical analysis

Categorical variables were analyzed using the chi-squared and Fisher’s exact tests, and contin-

uous variables were analyzed using the paired Mann–Whitney U-test. The relationship

between serum ANG2 levels and VEGF levels was analyzed using Spearman’s rank correlation.

To compare differences between 3 or more populations, we used one-way analysis of variance

followed by Tukey’s test. A multivariate logistic regression analysis with stepwise forward

selection was conducted with variables identified as significant at P� 0.05 in univariate analy-

ses (baseline serum ANG2 and VEGF levels). Optimal cut-off values of baseline serum ANG2

and VEGF levels were determined based on receiver operating characteristic (ROC) curves by

maximizing the Youden index. P< 0.05 was considered statistically significant. Statistical anal-

yses were performed using Prism 7.03 (GraphPad Software, La Jolla, CA) software packages.
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Results

Patient enrollment and baseline characteristics

We screened a total of 59 patients with unresectable HCC who were treated with lenvatinib at

Hokkaido University Hospital and related hospitals between April 2018 and January 2020. Of

these patients, 22 were excluded from analysis; 6 patients were treated with other anticancer

therapies, including transarterial chemoembolization, 1 patient was lost to follow-up within 2

months, and for 15 patients, there was insufficient clinical data and/or lack of baseline pre-

served serum. Finally, 37 patients with unresectable HCC were included in this study (S1 Fig).

Table 1 shows the baseline patient characteristics. The median patient age was 71 years

(range, 54–88 years), and 35 (94.6%) patients were males. Fifteen, 12, and 10 patients had

Child-Pugh scores of 5, 6, and�7, respectively. No patients had initiated the direct acting anti-

virals for hepatitis C or nucleoside analog for hepatitis B during the course of lenvatinib treat-

ment or within 3 months prior. Most patients had BCLC stage C (27/37, 73.0%), while 11

(29.7%) had extrahepatic metastases. The median serum AFP level was 20.9 IU/mL (range,

1.3–449,909 IU/mL). Table 2 shows the best treatment response to lenvatinib for HCC in this

study. Six, 15, 14, and 2 patients showed complete response, partial response, stable disease,

and partial disease, respectively.

Table 1. Baseline patient characteristics.

Variable

Age (years), median (range) 71 (54–88)

Sex (male/female) 35/2

Etiology, n (%)

HBV 12 (32.4%)

HCV 6 (16.2%)

NBNC 19 (51.3%)

Vascular invasion, n (%) 10 (27.0%)

Extrahepatic extension, n (%) 11 (29.7%)

BCLC stage, n (%)

B 11 (29.7%)

C 26 (70.0%)

Child-Pugh class, n (%)

A 27 (73.0%)

B 10 (27.0%)

Child-Pugh score, n (%)

5 15 (40.5%)

6 12 (32.4%)

�7 10 (27.0%)

Biochemical analysis, median (range)

Platelet, �104/μL 16.1 (4.4–51.7)

AST, IU/L 34 (17–181)

ALT, IU/L 23 (11–96)

AFP, ng/mL 20.9 (1.3–449909)

PIVKA-II, mAU/mL 408.5 (13–195319)

HBV: hepatitis B virus, HCV: hepatitis C virus, NBNC: non-B non-C, BCLC: Barcelona Clinic Liver Cancer, AST:

aspartate aminotransferase, ALT: alanine aminotransferase, AFP: alpha-fetoprotein, PIVKA-II: protein induced by

vitamin K absence or antagonist-II.

https://doi.org/10.1371/journal.pone.0247728.t001
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Comparison of patient characteristics between patients with and without

deterioration of Child-Pugh score at 8 weeks after lenvatinib initiation

As shown in Table 2, 24 (65%) and 13 (35%) patients exhibited a maintained/improved and

deterioration of Child-Pugh score, respectively, at 8 weeks post lenvatinib initiation. The most

common deterioration factor in the Child-Pugh score was the serum albumin level (S2 Fig).

We compared these two patient groups. As shown in Table 3, the etiology of liver disease, sex,

age, BCLC stage, Child-Pugh class, and tumor markers were similar between these patient

Table 2. Treatment response comparison between patients with or without deterioration of Child-Pugh scores during treatment with lenvatinib for HCC.

Without deterioration of Child-Pugh score (n = 24) With deterioration of Child-Pugh score (n = 13)

PD SD PR CR PD SD PR CR

1 7 11 5 1 7 4 1

(4.2%) (29.1%) (45.8%) (20.8%) (7.7%) (53.8%) (30.7%) (7.7%)

P = 0.4039 (Without deterioration of Child-Pugh score vs. With deterioration of Child-Pugh score).

PD: progressive disease, SD: stable disease, PR: partial response, CR: complete response.

https://doi.org/10.1371/journal.pone.0247728.t002

Table 3. Comparison of patient characteristics between patients with and without deterioration of Child-Pugh score at 8 weeks after lenvatinib initiation.

Without deterioration (n = 24) With deterioration (n = 13) P value

Baseline characteristics

Age (years), median (range) 72 (55–88) 68 (54–83) 0.138

Sex (male/female) 23/1 12/1 >0.999

Etiology, n (%) 0.703

HBV 8 (33.3%) 4 (30.8%)

HCV 3 (12.5%) 3 (23.1%)

NBNC 13 (54.2%) 6 (46.2%)

Vascular invasion, n (%) 6 (25.0%) 4 (30.8%) 0.715

Extrahepatic extension, n (%) 7 (29.2%) 4 (30.8%) >0.999

BCLC stage, n (%) >0.999

B 7 (29.2%) 4 (30.8%)

C 17 (70.8%) 9 (69.2%)

Child-Pugh class, n (%) 0.715

A 18 (75.0%) 9 (69.2%)

B 6 (25.0%) 4 (30.8%)

Child-Pugh score, n (%) 0.165

5 12 (80%) 3 (20%)

�6 12 (54.5%) 10 (45.5%)

Relative dose intensity (%) 75.0 (18.8–100) 83.3 (45.8–100) 0.179

Biochemical analysis, median (range)

Platelets −(�104/μL) 18.1 (7.5–51.7) 16.0 (4.4–25.6) 0.081

AST, IU/L 32 (17–72) 38 (21–181) 0.071

ALT, IU/L 23.5 (11–60) 23 (23–96) 0.874

AFP, ng/mL 7 (1.3–449909) 97.5 (5.0–19394.3) 0.394

PIVKA-II, mAU/mL 408.5 (14–29576) 238 (13–195319) 0.33

HBV: hepatitis B virus, HCV: hepatitis C virus, NBNC: non-B non-C, BCLC: Barcelona Clinic Liver Cancer, AST: aspartate aminotransferase, ALT: alanine

aminotransferase, AFP: alpha-fetoprotein, PIVKA-II: protein induced by vitamin K absence or antagonist-II, FGF: fibroblast growth factor, ANG2: angiopoietin 2,

VEGF: vascular endothelial growth factor.

https://doi.org/10.1371/journal.pone.0247728.t003
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groups. Importantly, the rate of best treatment response was similar between patients with or

without deterioration of Child-Pugh score at 8 weeks post lenvatinib initiation (P = 0.4039).

Thus, even in patients with an objective response, 23.8% (5/21) experienced deterioration of

liver function.

Relationship between baseline serum growth factors and changes in the

Child-Pugh score

Next, we analyzed the relationship between baseline serum growth factor levels (ANG2,

VEGF, FGF19, and FGF21) and changes in the Child-Pugh score at 8 weeks after lenvatinib

initiation. As shown in Fig 1, in patients with deteriorated Child-Pugh score after lenvatinib

Fig 1. Comparison of baseline serum growth factors between patients with and without a deterioration of Child-

Pugh score at 8 weeks after lenvatinib initiation. Baseline serum levels of FGF19, FGF21, ANG2, and VEGF were

evaluated in all patients. We compared the mean values between patients with and those without deterioration of

Child-Pugh (C-P) score at 8 weeks after lenvatinib initiation. P< 0.05 was considered statistically significant. FGF,

fibroblast growth factor, ANG2: angiopoietin 2, VEGF: vascular endothelial growth factor.

https://doi.org/10.1371/journal.pone.0247728.g001
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treatment, baseline ANG2 levels (P = 0.0017) were significantly higher and baseline VEGF lev-

els (P = 0.0231) were significantly lower than those in patients without deteriorated Child-

Pugh score. Baseline serum FGF19 and FGF21 levels were similar between these two patient

groups. As shown in S3A Fig, baseline ANG2 levels were significant and positively correlated

with the changes in the Child-Pugh score (ΔChild-Pugh score) (r = 0.4583, P = 0.043); mean-

while, baseline VEGF levels were significantly negatively correlated with theΔChild-Pugh

score (r = -0.4181, P = 0.01). In addition, serum baseline ANG2 levels were significantly higher

in patients with baseline Child-Pugh score of�7, compared with those with baseline Child-

Pugh score of 5 (S3B Fig), and were significantly correlated with tumor size (r = 0.513,

P = 0.004). While serum baseline VEGF levels were not associated with baseline Child-Pugh

score and tumor factors (S3B Fig). No significant correlation was observed between baseline

ANG2 and VEGF levels (r = 0.111, P = 0.514; Fig 2). In addition, multivariate analysis showed

that both baseline ANG2 and VEGF levels were independent factors in predicting the deterio-

ration of liver functional reserve (Table 4). Thus, we focused on baseline ANG2 and VEGF lev-

els as predictors of deterioration of Child-Pugh score following lenvatinib.

Classification of changes in Child-Pugh score based on combined baseline

serum ANG2 and VEGF levels in patients treated with lenvatinib

As baseline high ANG2 and low VEGF levels were significantly associated with a deteriorated

Child-Pugh score after lenvatinib for HCC, we conducted ROC analysis to determine cut-off

Fig 2. Correlation between baseline serum VEGF and ANG2 levels. ANG2: angiopoietin 2, VEGF: vascular

endothelial growth factor.

https://doi.org/10.1371/journal.pone.0247728.g002

Table 4. Multivariate analysis for factors associated with the deterioration of liver functional reserve during lenvatinib treatment.

With deterioration Without deterioration Multivariate analysis Odds ratio 95% (CI)

ANG2 3607 (2,150–3,972) a (pg/ML) 2,459 (1,253–3,940) a (pg/ML) P = 0.004 1.003 (1.001–1.003)

VEGF 264 (154–720) a (pg/ML) 518 (158–1,356) a (pg/ML) P = 0.025 0.993 (0.986–0.999)

ANG2: angiopoietin 2, VEGF: vascular endothelial growth factor, CI: confidence interval.
a Data are shown as median (range) values.

https://doi.org/10.1371/journal.pone.0247728.t004
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values of baseline VEGF and ANG2 associated with a deteriorated Child-Pugh score at 8

weeks after lenvatinib initiation. As shown in Fig 3, the cut-off values for ANG2 and VEGF

were 3,108 pg/mL (sensitivity: 0.769, specificity: 0.791, area under the ROC curve [AUC]:

0.7981, P = 0.0031) and 514.9 pg/mL (sensitivity: 0.846, specificity: 0.541, AUC: 0.7244,

P = 0.0259), respectively.

Finally, we analyzed the changes in the Child-Pugh score after lenvatinib based on com-

bined baseline ANG2 and VEGF levels. As shown in Fig 4, notably, 89% (8/9) of the patients

with baseline low VEGF and high ANG2 levels showed a deteriorated Child-Pugh score,

whereas none of the patient with baseline high VEGF and low ANG2 levels did. Thus, deterio-

ration of Child-Pugh score in patients treated with lenvatinib for HCC may be predictable

based on combined ANG2 and VEGF levels.

Discussion

Liver functional reserve is one of the most important factors in determining therapeutic

options in patients with HCC [21]. In clinical practice guidelines for HCC of The Japan Society

of Hepatology [21], the Child-Pugh score, as an evaluation tool for liver functional reserves, is

primarily considered to determine therapeutic options for HCC treatment. In consideration of

post-progression TKI treatment, preserved liver functional reserve also is one of the most

Fig 3. Cut-off values of baseline serum ANG2 and VEGF levels for predicting a reduction in the Child-Pugh score at 8 weeks after

lenvatinib initiation. A. ROC curve analysis of baseline ANG2 levels in patients treated with lenvatinib. The cut-off baseline ANG2 level

associated with a deteriorated Child-Pugh score at 8 weeks after lenvatinib initiation was 3,108 pg/mL (AUC = 0.772; sensitivity: 75.0%;

specificity: 81.8%). B. ROC curve analysis of baseline VEGF levels in patients treated with lenvatinib. The cut-off baseline VEGF level

associated with a deteriorated Child-Pugh score at 8 weeks after lenvatinib initiations was 194 pg/mL (AUC = 0.869; sensitivity: 75.0%;

specificity: 81.8%).

https://doi.org/10.1371/journal.pone.0247728.g003
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important factors. Recent developments in systemic chemotherapies for HCC have provided

the option of sequential therapy regimens, which have the potential to prolong OS [22]; how-

ever, preserved liver functional reserve is a prerequisite for post-progression treatment. Impor-

tantly, Terashima et al. reported that a deterioration of Child-Pugh score during lenvatinib

treatment for advanced HCC was an independent predictive factor for poor PFS and OS.

Thus, prediction of the liver functional reserve response during TKI therapy is clinically

important. In this study, although baseline general clinical factors, including HCC status and

blood tests, could not predict a deterioration in the liver functional reserve during lenvatinib

treatment for HCC, baseline high ANG2 and low VEGF serum levels were closely related to

the deterioration of the liver functional reserve at 8 weeks after lenvatinib initiation.

A comparison of patients with Child-Pugh grades A and B showed that the Child-Pugh grade

was not associated with the liver functional reserve after lenvatinib. However, among patients

with a Child-Pugh score of 5, a total of 80% (12/15) maintained the score. This result is consistent

with a recent study that reported that the introduction of lenvatinib in HCC patients with better

hepatic function increased the chance of undergoing post-progression treatment [23].

Fig 4. Prediction of deterioration of Child-Pugh score at 8 weeks after lenvatinib initiation based on baseline ANG2 and VEGF levels. Eight

out of 9 (89%) patients with baseline low VEGF and high ANG2 levels showed a deterioration of Child-Pugh score at 8 weeks after lenvatinib

initiation, whereas none of the patients with high VEGF and low ANG2 levels did.

https://doi.org/10.1371/journal.pone.0247728.g004
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ANG2 is implicated in the induction of vessel instability via an antagonistic effect on Tie2-

mediated signaling [24, 25]. Therefore, high ANG2 levels are considered to be associated with

vascular leak and inflammation. We recently reported that a high serum ANG2 level was asso-

ciated with the existence of portal hypertension and non-regression of liver fibrosis, even after

successful hepatitis C virus eradication by direct-acting antiviral agents [26]. Consistent with

our results, it has been reported that portal hypertension-induced slow blood flow increases

ANG2 expression [27, 28]. We and other groups have shown that, in patients with advanced

HCC, high serum ANG2 levels were sometimes observed [29, 16]. Additionally, several recent

studies have revealed that high ANG2 expression could predict pathological angiogenesis in

nonalcoholic steatohepatitis, occurrence and recurrence of HCC after direct-acting antiviral

therapy, mortality, and deterioration of kidney function in decompensated cirrhosis [28, 29,

30]. Collectively, these reports and the results of this study suggest that increased serum ANG2

levels might be associated with a deterioration of liver function via induction of vascular leak

and inflammation.

We recently reported that baseline ANG2 levels were associated with treatment response to

lenvatinib in patients with unresectable HCC [16]. Similarly, in this study, serum baseline

ANG2 levels, not VEGF levels, were significantly associated with treatment response (S4 Fig).

Thus, poor treatment response may be associated with the deterioration of the liver functional

reserve. However, as shown in Table 2, treatment responses were similar between patients

with and those without liver functional reserve deterioration. As ANG2 levels might be associ-

ated with liver functional reserve deterioration and treatment response, an evaluation of the

baseline ANG2 level might be beneficial for patients with unresectable HCC for whom treat-

ment with lenvatinib is planned.

As shown in Fig 2, ANG2 and VEGF levels were not correlated (r = 0.1108, P = 0.5139).

Thus, the combination of baseline ANG2 and VEGF levels might be a useful biomarker to pre-

dict the deterioration of the liver functional reserve in patients with unresectable HCC who are

treated with lenvatinib. Importantly, 89% (8/9) of the patients with baseline low VEGF and

high ANG2 levels showed a deteriorated Child-Pugh-score at 8 weeks after lenvatinib initia-

tion, whereas none of the patients (0/9) with baseline high VEGF and low ANG2 did.

Moritz et al. reported that in the absence of VEGF, ANG2 caused vessel destabilization and

regression [31]. Thus, in case of low VEGF and high ANG2, the hepatic sinusoidal microvessel

density might be reduced. Yang et al. reported that hepatic sinusoidal microvessel density was

reduced by VEGF-specific blockade [19]. Thus, in patients with low hepatic sinusoidal micro-

vessel density due to low VEGF and high ANG2, VEGF and FGF inhibitors might cause an

additional decrease in hepatic blood flow, resulting in the deterioration of the liver functional

reserve. Further basic and clinical investigations are required to evaluate this hypothesis.

This study had several limitations; it was a retrospective study, and the number of patients

included was relatively limited. Therefore, further validation in future prospective studies with

large sample sizes is required. Additionally, whether our findings are applicable to other sys-

temic therapies for HCC remains to be investigated.

Conclusions

Combined baseline serum ANG2 and VEGF levels may predict the deterioration of liver func-

tional reserves in patients with unresectable HCC who are treated with lenvatinib.

Supporting information

S1 Fig. Study flow.

(TIF)
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S2 Fig. The frequency of deteriorated Child-Pugh factors during the lenvatinib treatment.

(TIF)

S3 Fig. Association between baseline ANG2 and VEGF levels, changes in Child-Pugh score,

and baseline Child-Pugh score. A. Correlation between baseline ANG2 or VEGF and changes

in Child-Pugh score at 8 weeks post lenvatinib initiation. B. Comparison of baseline serum

ANG2 and VEGF levels among patients with baseline Child-Pugh scores of 5, 6, and�7.

ANG2: angiopoietin 2, VEGF: vascular endothelial growth factor,C-P score: Child-Pugh score,

ΔChild-Pugh score: Changes in Child-Pugh score at 8 weeks post lenvatinib initiation.

(TIF)

S4 Fig. Comparison of baseline serum ANG2 and VEGF levels between patients with or

without object response. ANG2: angiopoietin 2, VEGF: vascular endothelial growth factor,

CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease.

(TIF)
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