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Abstract
BACKGROUND
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]Lenvatinib is one of the ﬁrst-line tyrosine kinase inhibitors used for unresectable hepatocellular carcinoma (HCC). In the present study, we evaluated the potential of early changes in the time-intensity curve (TIC) of arterial phase on contrast-enhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy.

AIM
To evaluate the potential of the early changes in the TIC of CEUS as early imaging biomarkers of lenvatinib efficacy in patients with unresectable HCC.

METHODS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]We analyzed 20 consecutive patients with unresectable HCC treated with lenvatinib from March to November 2018. Tumor response at 8 wk was assessed by computed tomography using the modiﬁed Response Evaluation Criteria in Solid Tumors (mRECIST). CEUS was performed at baseline before treatment (Day 0) and on day 7 (Day 7), and the images were analyzed in the arterial phase for 20 seconds after the contrast agent arrived at the target tumor. Three perfusion parameters were extracted from the TICs: the slope of wash-in (Slope), time to peak (TTP) intensity, and the total area under the curve (AUC) during wash-in. The rate of change in the TIC parameters between Day 0 and Day 7 was compared between treatment responders and non-responders based on mRECIST.

RESULTS
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]The rate of change for all TIC parameters showed significant differences between the responders (n = 9) and non-responders (n = 11) (Slope, P = 0.025; TTP, P = 0.004; and AUC, P = 0.0003). The area under the receiver operating curve values for slope, TTP, and AUC for the prediction of responders were 0.805, 0.869, and 0.939, respectively.

CONCLUSION
CEUS may be useful for the early prediction of tumor response to lenvatinib therapy in patients with unresectable HCC.
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Core tip: Lenvatinib is one of the ﬁrst-line tyrosine kinase inhibitors used for unresectable hepatocellular carcinoma (HCC). In the present study, we evaluated the potential of early changes in the time-intensity curve (TIC) of arterial phase on contrast-enhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy. The rate of change for TIC parameters showed precisely reflect the therapeutic effects. CEUS may be useful for the early prediction of tumor response to lenvatinib therapy in patients with unresectable HCC. 
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INTRODUCTION
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the liver [1]. Unfortunately, the overall prognosis for patients with HCC is poor, and more than half of the patients are diagnosed at a stage when the tumor is unresectable. The treatment options for unresectable HCC are limited, and oral administration of sorafenib, a receptor tyrosine kinase inhibitor, has been the only treatment that substantially prolongs survival[2,3]. In the SHARP study, compared to the placebo group, the sorafenib group had an improved overall survival (OS) (median OS, 7.9 mo vs 10.7 mo)[4]. However, the clinical benefits of sorafenib are modest, and the survival rates in patients with unresectable HCC remain low. Lenvatinib is an oral multikinase inhibitor targeting the vascular endothelial growth factor receptor (VEGFR), fibroblast growth factor receptor (FGFR), platelet-derived growth factor (PDGF) receptor α, RET, and KIT[5]. The phase III REFLECT trial including 954 patients with previously untreated unresectable HCC demonstrated that lenvatinib had a treatment effect on OS by statistical confirmation of non-inferiority when compared to sorafenib, the standard of care[6]. Furthermore, lenvatinib also demonstrated a significantly higher overall response rate (ORR) compared to sorafenib [24.1% vs 9.2%; odds ratio, 3.13; 95% confidence interval (CI): 2.15-4.56; P < 0.0001]. In recent years, lenvatinib has become available as a single agent for the first-line treatment of patients with advanced or unresectable HCC[7]. 
There is a critical need for effective early methods for evaluating targeted therapies to enable individualized medicine in a clinical setting. Contrast-enhanced ultrasound (CEUS) is considered to be a useful technique for evaluating microvascularization, which is essential for tumorigenesis since angiogenesis is the basis for neoplastic growth. Lassau et al. have reported that the time-intensity curve (TIC) parameters obtained from CEUS of tumors correlated well with prognosis[8]. Furthermore, Frampas et al. showed that CEUS may be a potential surrogate marker of tumor response during targeted therapy, and the area under the curve (AUC), one of the TIC parameters, was useful for assessing blood flow[9]. However, there have been no reports designed to assess the usefulness of CEUS for early prediction of the efficacy of lenvatinib therapy.
This study investigated whether early changes in the TIC parameters of CEUS are useful indicators of the therapeutic effects of lenvatinib therapy.

MATERIALS AND METHODS
Patients
HCC was diagnosed on the basis of an increasing course of α-fetoprotein, dynamic computed tomography (CT), contrast-enhanced magnetic resonance imaging (MRI), and pathological ﬁndings. Between March and November 2018, 22 consecutive HCC patients with (1) an Eastern Cooperative Oncology Group (ECOG) performance status score of 2 or less, (2) Child-Pugh liver function class A, and (3) Barcelona Clinic Liver Cancer stage B or C were enrolled in this prospective study to assess the potential of CEUS findings as early imaging biomarkers of lenvatinib efficacy. Two patients were excluded from the analysis owing to data corruption, and so a total of 20 patients were finally included in this study. One target tumor per patient was studied. The baseline characteristics of the patients are summarized in Table 1.
The study was approved by the local Ethics Committee of the Iwate Medical University (MH2018-533). The patients provided written informed consent prior to the study, in accordance with the principles of the Declaration of Helsinki (revision of Fortaleza, 2013).

Lenvatinib treatment protocol and evaluation of therapeutic response
Lenvatinib (Eisai, Tokyo, Japan) was administered at an initial dose of 8 or 12 mg/d based on the patient's body weight. If grade 3 or 4 adverse events judged to be clinically significant were observed, either the dose was adjusted, or treatment was interrupted according to the guidelines for the administration of lenvatinib. Baseline dynamic CT or MRI was performed within a week before treatment initiation. The target tumor was evaluated using dynamic CT at 8 wk after administering lenvatinib, based on the modiﬁed Response Evaluation Criteria in Solid Tumors (mRECIST)[10]. Treatment responders were defined as patients who showed a complete response (CR) or partial response (PR). Non-responders were defined as patients who had stable disease (SD) or progressive disease (PD).

CEUS imaging
CEUS was performed at baseline before the initiation of treatment, and then on Day 7, for evaluation. We selected Day 7 for reference in previous studies on sorafenib therapy[11-15]. Ultrasonography was performed using a LOGIQ E9 XDclear 2.0 ultrasound scanner (GE Healthcare, Wauwatosa, WI, United States) and C1-6-D convex array probe (frequency, 4 MHz). Prior to CEUS, B-mode ultrasonography was performed to examine the slices of target images, and the slice with the largest diameter was selected. All ultrasound images were analyzed by one radiologist who was blinded from the treatment information. CEUS imaging was recorded for 2 min immediately after injection of a bolus (0.0075 mL/kg) of Sonazoid (Daiichi Sankyo, Tokyo, Japan) using the amplitude modulation mode. The acoustic power of the contrast harmonic sonography was set at the default setting with a mechanical index of 0.2-0.3, a rate of 17 frames per second, and a dynamic range of 66 dB. The gain, image depth and transmit focus were optimized for each patient at baseline examination, and the same settings were used at follow up. The cine sequences were saved in the DICOM file format for subsequent analyses.

TIC analysis
A specific calibration file provided by the vendor for the GE Logiq E9 was used in the analysis software to convert ultrasound images to linearized data for TIC analysis. A circular region of interest was established within the demarcated margins of the target tumor as illustrated in Figure 1, which was automatically positioned by the software to adjust for respiratory motion on the following images of the sequence. We analyzed the CEUS images in the arterial phase for 20 s after the contrast agent arrived at the target tumor. Three perfusion parameters were extracted from the TICs: the slope of wash-in (Slope), time to peak (TTP) intensity, and the total area under the TIC (AUC) during wash-in. For each parameter, the rate of change was calculated as follows: {[values after administration of lenvatinib (Day 7) minus baseline values (Day 0)]/baseline values (Day 0) × 100(%)}[16]. The resultant values were compared between the responders and non-responders based on mRECIST.

Statistical analysis
Statistical analyses were performed using the SPSS software program (version 23, IBM, Armonk, NY, United States). The values are shown as the means ± standard deviation or as the medians (range) according to the distribution of the values. The Mann-Whitney U test was used to compare differences between responders and non-responders. Receiver operating characteristic (ROC) curves were constructed, and area under the ROC curve (AUROC) was calculated using the trapezoidal rule. Optimal cut-off values for prediction of responders were identified from the highest Youden index. The sensitivity, specificity, positive predictive value, and negative predictive value were calculated using cut-offs obtained from the ROC curves. P-values < 0.05 were considered to be statistically significant.

RESULTS
All 20 patients were evaluated based on the imaging ﬁndings obtained by enhanced CT at 8 wk after starting lenvatinib therapy. On the basis of mRECIST, 0, 9, 8, and 3 patients were found to have CR, PR, SD, and PD, respectively [ORR, 45.0%; disease control rate (DCR), 85.0%]. Thus, 9 and 11 patients were classified as responders and non-responders, respectively, after 8 wk of lenvatinib therapy. There were no statistically significant differences in the ORR and DCR from those in patients receiving the initial dose of lenvatinib.
In responders, the TIC parameters were as follows: median slope Day 0/Day 7: 1.51 dB/s/1.09 dB/s, P = 0.018; median TTP Day 0/Day 7: 10.56 s/12.43 s, P = 0.003; median AUC Day 0/Day 7: 266.51/156.44, P = 0.001. In contrast, the TIC parameters in non-responders were as follows: median slope Day 0/Day 7: 1.52 dB/s/1.33 dB/s, P = 0.511; median TTP Day 0/Day 7: 11.02 s/11.84 s, P = 0.247; median AUC Day 0/Day 7: 258.14/229.65, P = 0.322 (Table 2). There were no significant differences in any TIC parameters between patients with SD and PD.
The rate of change for all TIC parameters showed significant differences between the responders and non-responders (Slope, P = 0.022; TTP, P = 0.019; AUC, P = 0.003) (Figure 2). The AUROC values for the rate of change of slope, TTP, and AUC for prediction of responders were 0.818, 0.869, and 0.939, respectively (Table 3). 

DISCUSSION
In this study, we enrolled 20 patients with unresectable HCC and used CEUS to make an early prediction of the efficacy of lenvatinib therapy. The results of the study confirm that real-time observation of the perfusion within HCC is possible by CEUS, and responders to lenvatinib show a change in perfusion in the arterial phase on CEUS within a few days of starting the therapy. In our study, the rate of change in the slope, TTP, and AUC on Day 7 was significantly different in the responders and non-responders. The findings of CEUS performed at the earliest stage of therapy reflected the results of the CT evaluation performed 8 weeks after starting lenvatinib therapy, thereby suggesting that CEUS can predict the clinical outcomes at an early stage of therapy. To the best of our knowledge, this is the first prospective study to assess the potential of CEUS for making early predictions of clinical outcomes following lenvatinib therapy.
Besides its antitumor effects, lenvatinib is also known to be antiangiogenic based on its interaction with VEGFR2[5]. Since angiogenesis is necessary for tumor growth, the changes in tumor perfusion seem to reflect changes in tumor vitality. Therefore, CEUS is relevant as a modality for monitoring biologically essential changes in response to lenvatinib therapy. Several studies have reported that the changes in perfusion measured by CEUS may predict treatment responses in patients with HCC receiving sorafenib[11-15]. Sugimoto et al[14] showed that the AUC during wash-in on day 14 of sorafenib therapy was useful for the early prediction of tumor response. We observed a similar trend; the rate of change of the AUC during wash-in on day 7 of lenvatinib therapy was significantly different between the responders and non-responders. In the REFLECT trial, lenvatinib demonstrated a significantly higher ORR than sorafenib[6], which was potentially due to its stronger effect on tumor perfusion.
The evaluation of tumor perfusion by CEUS is a simple, non-invasive test that can be done in real time. Such a prediction tool is also cost-effective since it helps avoid adverse events and may enable individualized treatment for unresectable HCC in the future. 
This study has some limitations. First, the sample size was small. Larger-scale prospective clinical studies will be needed to confirm these findings. Second, unlike dynamic CT and MRI, which are commonly used to assess tumor angiogenesis, CEUS is an operator-dependent examination.
In conclusion, this study demonstrates that with contrast enhancement in the arterial phase, the differences in the TIC before and after lenvatinib therapy may serve as useful indicators of therapeutic outcomes for patients with unresectable HCC. In particular, the rate of change for AUC appear to precisely reflect the therapeutic effects. Therefore, TIC analysis could help in the early prediction of the clinical outcomes of lenvatinib therapy. 

ARTICLE HIGHLIGHTS 
Research background
Lenvatinib is one of the ﬁrst-line tyrosine kinase inhibitors used for unresectable hepatocellular carcinoma (HCC).

Research motivation
The overall prognosis for patients with HCC is poor, and more than half of the patients are diagnosed at a stage when the tumor is unresectable. The treatment options for unresectable HCC are limited, and oral administration of sorafenib, a receptor tyrosine kinase inhibitor, has been the only treatment that substantially prolongs survival.

Research objectives 
To evaluate the potential of the early changes in the time-intensity curve (TIC) of contrast-enhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy in patients with unresectable HCC.

Research methods
We analyzed 20 consecutive patients with unresectable HCC treated with lenvatinib from March to November 2018. Tumor response at 8 wk was assessed by computed tomography using the modiﬁed Response Evaluation Criteria in Solid Tumors (mRECIST). CEUS was performed at baseline before treatment (Day 0) and on day 7 (Day 7), and the images were analyzed in the arterial phase for 20 seconds after the contrast agent arrived at the target tumor. Three perfusion parameters were extracted from the TICs: the slope of wash-in (Slope), time to peak (TTP) intensity, and the total area under the curve (AUC) during wash-in. The rate of change in the TIC parameters between Day 0 and Day 7 was compared between treatment responders and non-responders based on mRECIST.

Research results
The rate of change for all TIC parameters showed significant differences between the responders (n = 9) and non-responders (n = 11) (Slope, P = 0.025; TTP, P = 0.004; and AUC, P = 0.0003). The area under the receiver operating curve values for slope, TTP, and AUC for the prediction of responders were 0.805, 0.869, and 0.939, respectively.

Research conclusions
To the best of our knowledge, this is the first prospective study to assess the potential of CEUS for making early predictions of outcomes following lenvatinib therapy, which makes it a significant contribution to the literature.

Research perspectives
Further, we believe that this paper will be of interest to the readership especially hepatologists and oncologists because we demonstrate that CEUS may be useful for the early prediction of tumor response in patients with unresectable HCC treated with lenvatinib.
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Table 1 The baseline characteristics of patients
	Variables
	All (n = 20)

	Age, yr
	68.6 ± 8.4

	Gender, male : female
	19:1

	BMI, kg/m2
	22.2 ± 4.2

	ECOG PS, 0:1:
	18:2

	Etiology, HBV:HCV:alcohol:others
	7:7:3:3

	AST, IU/L
	52.2 ± 38.1

	ALT, IU/L
	45.1 ± 26.3

	T.Bil, mg/dL
	0.7 ± 0.4

	Alb, g/dL
	3.4 ± 0.5

	PT, %
	82.2 ± 15.2

	Plt, × 104/μL
	19.7 ± 6.1

	Child–Pugh score, 5:6 points
	8:12

	Median AFP, ng/mL (range)
	268 (4.5-53000)

	Intrahepatic tumor size, cm
	6.6 ± 6.3

	Number of intrahepatic tumors, single : multiple
	3:17

	Portal vein invasion, n (%)
	9 (45.0)

	Extrahepatic metastasis, n (%)
	15 (75.0)

	Previous treatment, n (%)
	19 (95.0)

	Initial dose of lenvatinib, 8:12 mg/d
	16:4


The values represent the mean ± standard deviation or the median (range). BMI: Body mass index; ECOG: Eastern Cooperative Oncology Group; PS: Performance Status; T.Bil: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; Alb: Albumin; PT: Prothrombin time; Plt: Platelet count; AFP: Alpha-fetoprotein.


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Table 2 Distribution of changes in time-intensity curve parameters in tumors from day 0 to day 7 for 20 hepatocellular carcinoma patients according to modiﬁed Response Evaluation Criteria in Solid Tumors response at 2 mo
	　
	Responders (n = 9)
	Non-responders (n = 11)

	
	Day 0
	Day 7
	Day 0
	Day 7

	Slope　
	1.51 [1.31, 1.68]
	1.09 [0.84, 1.23]
	1.52 [1.22, 1.62]
	1.33 [0.86, 1.71]

	P value
	0.018
	0.511

	TTP　
	10.56 [9.33, 12.13]
	12.43 [11.94, 13.94]
	11.02 [8.53, 12.51]
	11.84 [10.15, 13.82]

	P value
	0.003
	0.247

	AUC　
	266.51 [225.38, 296.67]
	156.44 [123.05, 178.91]
	258.14 [191.61, 299.51]
	229.65 [176.10, 269.50]

	P value
	0.001
	0.322


The values represent the median [25th-75th percentile]. HCC: Hepatocellular carcinoma; TTP: Time to peak; AUC: Area under the curve.


Table 3 The performance characteristics of the rate of change of time-intensity curve parameters for the prediction of responders
	
	Slope (95%CI)
	TTP (95%CI)
	AUC (95%CI)

	AUROC
	0.818 (0.602-0.944)
	0.869 (0.728-0.975)
	0.939 (0.812-0995)

	Cut-off value (%)
	-11.765
	+9.495
	-25.714

	Sensitivity
	0.889 (0.540-0.978)
	0.889 (0.540-0.978)
	0.896 (0.616-0.989)

	Specificity
	0.545 (0.304-0.786)
	0.818 (0.510-0.917)
	0.909 (0.648-0.995)

	PPV
	0.615 (0.583-0.793)
	0.800 (0.611-0.907)
	0.833 (0.727-0.918)

	NPV
	0.857 (0.731-0.922)
	0.878 (0.741-0.962)
	0.900 (0.747-0.992)


TIC: Time-intensity curve; CI: Confidence interval; TTP: Time to peak; AUC: Area under the curve; AUROC: Area under receiver operating curve; PPV: Positive predictive value; NPV: Negative predictive value.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Figure 1 Representative case of a 69-year-old man with unresectable hepatocellular carcinoma treated with lenvatinib (12 mg/d). A: Contrast-enhanced ultrasound (CEUS) imaging in the arterial phase at Day 0 and time-intensity curve (TIC) analysis. The region of interest was established within the demarcation margins of the target tumor. B: CEUS imaging at Day 7 and TIC analysis. The slope became gentle, and indicated a delay in TTP and a decrease in the area under the curve. C: Computed tomography (CT) image at Day 0. D: CT image at 8 wk. Therapeutic response was evaluated as partial response using the modiﬁed Response Evaluation Criteria in Solid Tumors. TTP: Time to peak; AUC: Area under the curve.
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Figure 2 The rates of change of time-intensity curve parameters in responders and non-responders. A: Slope, B: time to peak, C: area under the curve. The rates of change of all time-intensity curve parameters were significantly different in responders and non-responders. TTP: Time to peak; AUC: Area under the curve.
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