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Abstract

Background: Advanced Hepatocarcinoma (HCC) is an important health problem
worldwide. Recently, the REFLECT trial demonstrated the non-inferiority of Len-
vatinib compared to Sorafenib in | line setting, thus leading to the approval of new
first-line standard of care, along with Sorafenib.

Aims and methods: With aim to evaluate the optimal choice between Sorafenib and
Lenvatinib as primary treatment in clinical practice, we performed a multicentric
analysis with the propensity score matching on 184 HCC patients.

Results: The median overall survival (OS) were 15.2 and 10.5 months for Lenvatinib
and Sorafenib arm, respectively. The median progression-free survival (PFS) was 7.0
and 4.5 months for Lenvatinib and Sorafenib arm, respectively. Patients treated
with Lenvatinib showed a 36% reduction of death risk (p = 0.0156), a 29% reduction
of progression risk (p = 0.0446), a higher response rate (p < 0.00001) and a higher
disease control rate (p = 0.002). Sorafenib showed to be correlated with more hand-
foot skin reaction and Lenvatinib with more hypertension and fatigue. We high-
lighted the prognostic role of Barcelona Clinic Liver Cancer (BCLC) stage, Eastern

Cooperative Oncology Group Performance Status (ECOG-PS), bilirubin, alkaline

Abbreviations: AEs, Adverse Events; AFP, Alpha-fetus protein; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer stage; Cl, Confidence
Interval; DCR, Disease Control Rate; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EHD, Extra Hepatic Disease; FDA, U.S. Food and Drug Administration; FGF,
Fibroblast Growth Factor; HBV, Hepatitis B Virus; HCC, Hepatocellular Carcinoma; HCV, Hepatitis C Virus; HFSR, Hand-Foot Skin Reaction; HR, Hazard Ratio; NLR, Neutrophil-Lymphocyte
Ratio; NV, Normal Value; OS, Overall Survival; PDGF, Platelet-Derived Growth Factor; PFS, Progression-Free Survival; PS, Propensity Score; RR, Response Rate; TKI, Tyrosine Kinase

Inhibitor; VEFG, Vascular Endothelial Growth Factor.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2021 The Authors. Hepatology Research published by John Wiley & Sons Australia, Ltd on behalf of Japan Society of Hepatology.

Hepatology Research. 2021;51:1229-1241.

wileyonlinelibrary.com/journal/hepr 1229


https://doi.org/10.1111/hepr.13718
https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0002-0976-6761
https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0001-8111-3266
https://orcid.org/0000-0003-4117-339X
https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0002-0976-6761
https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0001-8111-3266
https://orcid.org/0000-0003-4117-339X
http://wileyonlinelibrary.com/journal/hepr
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhepr.13718&domain=pdf&date_stamp=2021-10-21

1230 RIMINI ET AL

HEPATOLOGY RESEARCH

19Department of Gastroenterology, Saiseikai
Niigata Hospital, Niigata, Japan

Department of Hepatology, Kagawa
Prefectural Central Hospital, Takamatsu,
Japan

12Djvision of Gastroenterology and
Hepatology, Otakanomori Hospital, Kashiwa,
Japan

3Department of Gastroenterology, Okayama
City Hospital, Okayama, Japan
14Hepato-biliary Center, Matsuyama Red

Cross Hospital, Matsuyama, Japan

15Department of Gastroenterology and
Metabology, Ehime University Graduate
School of Medicine, Matsuyama, Japan

KEYWORDS

Correspondence

Margherita Rimini, Division of Oncology,
Department of Oncology and Hematology,
University of Modena and Reggio Emilia, via
del Pozzo n.71, Modena, Italy.

Email: margherita.rimini@gmail.com

Key points

Funding information
Open Access Funding provided by Universita
degli Studi di Modena e Reggio Emilia within

phosphatase and eosinophils for Sorafenib. Conversely, albumin, aspartate amino-
transferase (AST), alkaline phosphatase and Neutrophil-Lymphocyte Ratio (NLR)
resulted prognostic in Lenvatinib arm. Finally, we highlighted the positive predictive
role of albumin > Normal Value (NV), ECOG > 0, NLR < 3, absence of Hepatitis C
Virus positivity, and presence of portal vein thrombosis in favor of Lenvatinib arm.
Eosinophil < 50 and ECOG > 0 negatively predicted the response to Sorafenib.

Conclusion: SLenvatinib showed to better perform in a real-word setting compared
to Sorafenib. More researches are needed to validate the predictor factors of

response to Lenvatinib rather than Sorafenib.

hepatocarcinoma, Lenvatinib, prognostic and predictor factors, Sorafenib

e Recently, the REFLECT trial demonstrated the non-inferiority of Lenvatinib compared to
Sorafenib in hepatocellular carcinoma (HCC) I line setting, thus leading to the approval of
new first-line standard of care

e With aim to evaluate the optimal choice between Sorafenib and Lenvatinib as primary
treatment in clinical practice, we performed a multicentric analysis with the propensity
score matching on 184 HCC patients

the CRUI-CARE Agreement. e |n our analysis, Lenvatinib showed to better perform in a real-word setting compared to

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary malig-
nancy of the liver and the second leading cause of cancer-related
mortality worldwide.*™3

Sorafenib is an oral multiple kinase inhibitor targeting the vascular
endothelial growth factor (VEGF) receptors, platelet-derived growth
factor (PDGF) receptors, fibroblast growth factor (FGF) receptors,
BRAF and KIT. It was the first systemic therapy to be approved for the
treatment of unresectable HCC after having demonstrated a survival
benefit in patients with advanced HCC in the first-line setting.*>

Despite the treatments options for advanced disease have
increased, thus achieving a relatively long-term survival even for
patients with Barcelona Clinic Liver Cancer (BCLC) stage C, the
prognosis of these patients remains unsatisfactory.®

Since the results with Sorafenib were published, multiple phase Il
trials have failed to demonstrate improved outcomes over Sorafenib
in this setting.””*' Recently, the REFLECT trial meets the aim to
demonstrate the no inferiority of Lenvatinib compared to Sorafenib as
first-line in advanced HCC patients.!? Additionally, Lenvatinib
demonstrated a significant improvement of progression-free survival
(PFS) time, and a better quality of life evaluated as time to clinically
meaningful deterioration of role functioning, pain, diarrhea, nutrition
and body image!?: the results obtained leaded to the approval of
Lenvatinib as new first-line standard of care, along with Sorafenib.*®

Recently, a new class of drugs have been evaluated in the advanced

HCC setting, including the first-line setting: immunotherapy. From the

Sorafenib. More researches are needed to validate the predictor factors of response to

Lenvatinib rather than Sorafenib

global, open-label phase 3 study IMbrave150, atezolizumab plus bev-
acizumab achieved a 42% reduction in the risk of death versus Sor-
afenib (HR 0.58; 95% CI 0.42-0.79; p < 0.001), thus leading to the
approval by U.S. Food and Drug Administration (FDA) of the new
combination in the first-line setting advanced HCC patients.*

To date, no randomized prospective trials have demonstrated the
superiority of the new combination compared to Lenvatinib, and
further studies about biomarkers able to define patients likely to
respond to the combination regimen instead the Tyrosine Kinase In-
hibitor (TKI) are mandatory in order to optimize treatment in this
setting. For this reason, nowadays TKls remain a main stone in the
treatment of advanced HCC patients.

However, the real-word data in literature are insufficient>® and
the optimal choice between Sorafenib and Lenvatinib as primary
treatment in clinical practice is still controversial.

With the aim to fill this gap, we performed a multicentric analysis
with the propensity score matching to evaluate the real-word treat-
ment outcomes between Sorafenib and Lenvatinib in patients with
unresectable HCC.

METHODS AND MATERIALS

The study population derived from prospectively collected data of
patients treated with Sorafenib or Lenvatinib as first-line for
advanced-stage HCC (BCLC-C) of for intermediate HCC (BCLC-B)

deemed not eligible for first- or for re-treatment with surgical or loco-
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regional therapies. The overall cohort included Western and Eastern
populations from two countries (ltaly and Japan) between March
2018 and June 2020. For reduce bias derived from period selection
we selected patients treated with Sorafenib or Lenvatinib in the same
period. Eligible patients had HCC diagnoses confirmed histologically
or confirmed clinically in accordance with international guidelines
and none of them received previous systemic therapy. Common in-
clusion criteria for the use of Sorafenib or Lenvatinib were applied.

The present study was approved by ethics committee at each
center, complied with the provisions of the Good Clinical Practice
guidelines and the Declaration of Helsinki and local laws and fulfilled
the Regulation (EU) 2016/679 of the European Parliament and of the
Council of 27 April 2016 on the protection of natural persons with
regard to the processing of personal data.

The primary outcome of the study was overall survival time,
defined as the time from initiation of Sorafenib or Lenvatinib treat-
ment to the date of death or the patient's last follow-up. Follow-up
ended on August 2020.

All patients were treated with Sorafenib, until Lenvatinib
approval. After Lenvatinib approval, the choice between the two
therapies was left to physician in-charge discretion. Lenvatinib was
administered as described in the REFLECT trial thus,'? patients
received 12 mg if baseline bodyweight was >60 kg or 8 mg if baseline
bodyweight was <60 kg, given once daily orally. Sorafenib was
administered as in common clinical practice, and all patients in the
Sorafenib group received a starting dose of 400 mg orally twice
daily.*5

Treatment interruptions and dose reductions allowed to manage
adverse events (AEs). Hand-foot skin reaction (HFSR), diarrhea hy-
pertension, fatigue, decreased appetite, proteinuria and hypothy-
roidism were the main AEs recorded and were graded using the
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) version 4.03.

STATISTICALLY ANALYSIS

Frequency tables were performed for categorical variables. Contin-
uous variables were presented using median and range. Overall
survival (OS) was defined as the time from start date of Sorafenib or
Lenvatinib to date of death. PFS was defined as the time from start
date of Sorafenib or Lenvatinib to date of progression or death or last
follow-up whichever occurred first. OS and PFS were reported as
median values expressed in months, with 95% confidence interval
(CI). Survival curves were estimated using the product-limit method
of Kaplan-Meier. The role of stratification factor was analyzed with
log-rank tests. Propensity score (PS) is the conditional probability of
being treated given a set of observed potential confounders. In this
way all the information from a group of potential confounders is
summarized into a single balancing score variable, the so-called PS.
PS assures that the distribution of measured baseline covariates is

maintained unchanged in both arms. Standardized difference was

used as balance measure to compare the difference in means in units
of the pooled standard deviation.

A MedCalc package (MedCalc® version 16.8.4) was used for
statistical analysis.

RESULTS

One hundred eighty-four consecutive patients with HCC were
available for the analysis. Ninety-two patients were treated with
Lenvatinib from November 2017 in Italian institutions, and from
March 2018 in Japanese institutions to June 2020, and 92 pa-
tients were treated with Sorafenib from March 2016 to June
2018.

Patient characteristics for the two groups are shown in Table 1.

Median OS was 15.2 (95% Cl: 12.0-29.8) for patients receiving
Lenvatinib, and 10.5 (95% Cl: 8.6-45.0) for patients treated with
Sorafenib (Figure 1a). The result from univariate unweighted Cox
regression model showed 36% reduction of death risk for patients on
Lenvatinib (95%Cl: 0.45-0.91; p = 0.0156), compared with patients
on Sorafenib.

Following adjustment for prognostic clinical covariates normally
know in advanced hepatocellular carcinoma (BCLC stage, perfor-
mance status, portal vein thrombosis, macrovascular invasion, child
pugh, alpha-fetus protein [AFP], Neutrophil-Lymphocyte Ratio [NLR],
ALBI grade and aspartate aminotransferase [AST]) and unbalance
basal patients characteristic (Country of origin), after propensity
score matching analysis, multivariate analysis confirmed Lenvatinib's
treatment (HR 0.57; 95% Cl: 0.43-0.77; p = 0.0011) as independent
favorable prognostic factors for OS.

Median PFS was 7.0 (95% Cl: 5.6-29.8) for patients receiving
Lenvatinib, and 4.5 (95% Cl: 2.6-25.0) for patients treated with
Sorafenib (Figure 1b). The result from univariate unweighted Cox
regression model showed 29% reduction of progression risk for pa-
tients on Lenvatinib (95% Cl: 0.50-0.98; p = 0.0446), compared with
patients on Sorafenib.

Patients treated with Lenvatinib showed a higher percentage of
response rate (37.6 vs. 9.7; p < 0.00001) and disease control rate
(73.1 vs. 49.5; p = 0.002) compared to patients treated with
Sorafenib.

Table 2 reports the AEs observed. Overall, 96.4% and 94.6%
experienced at least one (any grade) AE in Lenvatinib and Sorafenib
arm, respectively. Main drug-related AEs in Lenvatinib arm were
fatigue (57.0%), decrease appetite (55.9%) and hypertension (54.8%).
Conversely, Main drug-related AEs in Sorafenib arm were HFSR
(48.3%) decrease appetite (47.3%), fatigue (35.5%), and hypertension
(33.4%). Data highlighted that Sorafenib was correlate with more
HFSR (p = 0.000001), while Lenvatinib was correlate with more hy-
pertension (p = 0.003) and fatigue (p = 0.005).

In patients with response rate (Lenvatinib arm 29.8 wvs.
24.2 months in Sorafenib arm; p = 0.57) and post-progression anti-

cancer medication (Lenvatinib arm 22.8 vs. 17.8 months in Sorafenib
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TABLE 1 Patients' characteristics before and after propensity score matching

Before propensity score matching After propensity score matching
Sorafenib Lenvatinib Sorafenib Lenvatinib
n n p n n p
Country of origin
Italy 62 32 40 25
Japan 82 123 0.000036 52 67 0.03
Age
<65 57 34 33 23
>65 93 121 0.002 59 69 0.15
Sex
Male 129 124 81 75
Female 21 31 0.17 11 17 0.30
BCLC stage
B 37 99 36 36
C 113 56 <0.000001 56 56 1.00
Etiology
HCV 73 70 41 38
HBV 21 28 15 18
Others 56 57 0.60 36 36 0.85
Performance status
0 106 125 65 70
1 44 30 0.04 27 22 0.40

Portal vein thrombosis
No 86 142 78 81
Yes 64 13 <0.000001 14 12 0.83

Macrovascular invasion

No 104 106 82 84

Yes 46 49 0.90 10 8 0.80
Child

A 139 150 85 87

B 11 5 0.12 7 5 0.56
AFP

<400 106 122 67 67

>400 44 33 0.11 25 25 1.00
NLR

<3 69 90 45 52

>3 81 65 0.007 47 40 0.30
Eosinophils

<50 26 34 15 22

>50 124 121 0.31 77 70 0.20

Extrahepatic spread
No 80 110 48 48
Yes 70 45 0.002 44 44 1.00
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TABLE 1 (Continued)
Before propensity score matching After propensity score matching
Sorafenib Lenvatinib Sorafenib Lenvatinib
n n p n n p
Bilirubin
<NV 97 127 68 74
>NV 53 23 0.0001 24 18 0.37
Albumin
<35 49 37 28 22
>35 101 113 0.15 64 70 0.40
ALBI grade
1 126 147 77 86
2 24 5 0.00002 13 6 0.09
AST
<NV 40 58 24 37
>NV 110 92 0.03 68 55 0.06
Alkaline phosphatase
<NV 20 5 9 5
>NV 130 145 0.001 83 87 0.40

Note: Numbers written in bold correspond to the statistically significance p.

Abbreviations: AFP, Alpha-fetus protein; BCLC, Barcelona Clinic Liver Cancer stage; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; HR, Hazard Ratio;
HFSR, Hand-Foot Skin Reaction; NLR, Neutrophil-Lymphocyte Ratio; NV, Normal Value; OS, Overall Survival.

— Lenvatinib
-==- Sorafenib

Survival probability (%)

Oh L 1 L L L
0 10 20 30 40 50

Time
Number at risk
Group: Lenvatinib
92 51 17 0 0 0
Group: Sorafenib
92 44 20 10 2 0

— Lenvatinib
=== Sorafenib

Survival probability (%)

Y = ! L L ! L !
0 5 10 15 20 25 30 35
Time
Number at risk

Group: Lenvatinib
60 21 8 4 3 1 0

Group: Sorafenib
92 32 16 2 1 0 0 0

FIGURE 1 Kaplan-Meier curves for OS in Sorafenib and Lenvatinib cohorts (a), and Kaplan-Meier curves for PFS in Sorafenib and
Lenvatinib cohorts (b). Abbreviations: OS, Overall Survival; PFS, Progression-Free Survival

arm; p = 0.33) no different were found in term of OS between two
arms.

OS with respect to patient baseline characteristics of both co-
horts are also shown in Table 3. Data highlighted the prognostic role
of BCLC stage, Performance status, bilirubin and alkaline phosphatase
as continue variable and eosinophils for the arm of patients treated

with Sorafenib. Conversely, data highlighted the prognostic role of
albumin, AST and alkaline phosphatase as continue variables and NLR
in patients treated with Lenvatinib.

Forest plot (Figure 2a) highlighted that Lenvatinib had better
overall survival respect Sorafenib in patients with BCLC-C stage
(Figure 3a), others etiology (Figure 3b), presence of portal vein
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TABLE 2 Adverse events in Sorafenib and Lenvatinib arms

All toxicity
No
Yes
GRADE
1-2
>2
HFSR

Yes
GRADE
1-2
>2
Diarrhea
No
Yes
GRADE
1-2
>2
Hypertension
No
Yes
GRADE
1-2
>2
Fatigue
No
Yes
GRADE
1-2

>2

Lenvatinib arm
%

3.6
96.4

484

51.6

76.4

23.6

19.3
4.3

914
8.6

4.3
4.3

45.2

54.8

43.0

11.8

43.0

57.0

39.8

17.2

Decrease appetite

No
Yes
GRADE
1-2
>2
Proteinuria
No

Yes

441
55.9

38.7

17.2

65.6
34.4

Sorafenib arm

%

5.4
94.6

442

50.4

517

48.3

215
26.8

89.2
10.8

3.2
7.6

66.6

334

18.3

15.1

64.5
35.5

22.6

12.9

52.7
47.3

38.7
8.6

NR
NR

0.72

1.00

<0.000001

0.004

0.80

0.63

0.003

0.029

0.005

0.63

0.30

0.79

TABLE 2 (Continued)

Lenvatinib arm Sorafenib arm
% % ‘P
GRADE
1-2 204 NR
>2 14.0 NR

Hypothyroidism

No 54.8 NR
Yes 45.2 NR

GRADE GRADE NR
1-2 45.2 NR
>2 0

Other toxicity

No 18.3 16.1
Yes 81.7 83.9
GRADE
1-2 753 73.1 0.70
>2 6.4 10.8 0.42

Note: Numbers written in bold correspond to the statistically
significance p.

Abbreviations: AFP, Alpha-fetus protein; BCLC, Barcelona Clinic Liver
Cancer stage; HR, Hazard Ratio; HFSR, Hand-Foot Skin Reaction; NLR,
Neutrophil-Lymphocyte Ratio; NV, Normal Value; OS, Overall Survival.

thrombosis (Figure 3c), albumin > NV (Figure 3d), AFP < 400
(Figure 3e), NLR < 3 (Figure 3f), absence of extrahepatic spread
(Figure 3g), ECOG 1 (Figure 3h) and eosinophil < 50 (Figure 3i)
(Table 4).

Forest plot (Figure 2a) highlighted that Lenvatinib had better
progression-free survival respect Sorafenib in patients with
AFP < 400, absence of extra hepatic spread, gender male, absence of
portal vein thrombosis and normal value of albumin (Figure 2b).

Interaction test highlighted the positive predictive role of albu-
min > NV, ECOG > 0, NLR < 3, patients without Hepatitis C Virus
(HCV) positivity, patients hepatitis negative and presence of portal
vein thrombosis in favor of Lenvatinib arm; Conversely, eosino-
phil < 50 and ECOG > 0 were negative predictive for Sorafenib arm
(Table 4 and Figure 4).

DISCUSSION

This analysis based on real-word data demonstrated significant
advantage in terms of OS of Lenvatinib compared to Sorafenib. For
improve the quality of the result of this study and for reduce the bias
of this retrospective study we used a propensity score for balance
the effect of uncontrollable factors that can impact the results of an
experiment. Moreover, the Response Rate (RR) and the Disease
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TABLE 3 Overall Survival (OS) with respect to patient baseline characteristics of Sorafenib and Lenvatinib arms

Age

<65

>65
Sex

Male

Female
BCLC stage

B

C
Etiology

HCV

HBV

Others
Performance status

0

1
Portal vein thrombosis

No

Yes
Albumin

>NV

<NV
Bilirubin (C.V.)
ALBI grade

1

2
ALT (C.V.)
AST (C.V.)
Alkaline phosphatase (C.V.)
AFP

<400

>400
NLR

<3

>3
Eosinophils

>50

<50

Sorafenib arm
HR (IC 95%)

1
1.07 (0.68-1.68)

1
1.24 (0.60-2.55)

1
1.67 (1.07-2.60)

1
0.99 (0.53-1.85)
1.10 (0.67-1.79)

1
1.83 (1.03-3.23)

1
1.37 (0.72-2.65)

1
0.83 (0.53-1.32)
1.54 (1.05-2.25)

1

1.73 (0.47-6.33)
1.00 (0.99-1.00)
1.00 (0.99-1.00)
1.00 (1.00-1.00)

1
1.27 (0.75-2.15)

1
1.20 (0.77-1.88)

1
2.16 (1.23-4.81)

p value

0,7527

0,5200

0,0257

0,9179

0,0132

0,2749

0,4596
0,0250

0.2899
0,6629
0,4432
0,0012

0,3269

0,3993

0,0090

Lenvatinib arm
HR (IC 95%)

1
1.26 (0.65-2.43)

1
1.02 (0.49-2.12)

1
1.24 (0.69-2.22)

1
0.62 (0.29-1.33)
0.52 (0.27-0.99)

1
0.70 (0.36-1.35)

1
0.56 (0.26-1.20)

1
2.02 (1.01-4.02)
2.03 (1.15-3.58)

1

1.30 (0.67-2.50)
1.00 (0.98-1.01)
1.02 (1.00-1.03)
1.00 (1.00-1.00)

1
1.80 (0.88-3.65)

1
2.75 (1.52-4.98)

1
1.09 (0.56-2.14)

p value

0,5079

0,9512

0,4697

0,1197

0,3409

0,2237

0,0182
0,0145

0.3788
0,5745
0,0035
0,0351

0,0559

0,0004

0,7830

(Continues)
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TABLE 3 (Continued)

Extrahepatic spread
No
Yes

Creatinine (C.V.)

Note: Numbers written in bold correspond to the statistically significance p.

Sorafenib arm
HR (IC 95%)

1
0.94 (0.60-1.46)
0.85 (0.39-1.84)

p value

0,7844
0,6797

Lenvatinib arm
HR (IC 95%)

1
1.34 (0.75-2.38)
1.60 (0.59-4.32)

p value

0,3124
0,3542

Abbreviations: AFP, alpha-fetus protein; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer stage; HBV, Hepatitis B Virus; HCV,
Hepatitis C Virus; HR, Hazard Ratio; NLR, Neutrophil-Lymphocyte Ratio; NV, Normal Value; OS, Overall Survival.

(a)

age<65

age>65

Sex male

Sex Female
BCLC-B
BCLC-C

HCV pos patients
HBV pos patients
Others aetiology
Absence PVT
Presence PVT
Albumin <NV
Albumin>NV
AFP<400
AFP>400
NLR<3

NLR>3
Absence EES
Presence EES
ECOG 0

ECOG >0
Eosinophils >50
Eosinophils <50

| L

I —
—
—

-
R —
—
—
I
-

[ ——
[
—
e

—
—
—
—a—
—
—_—
— .
—_——

L L L

(b)

0,01

FIGURE 2

0,1

Better Lenvatinib

1 10

Better Sorafenib

age <65

age >65

Sex male

Sex female
BCLC-B
BCLC-C

HCV pos patients
HBV pos patients
Others aetiology
Absence PVT
Presence PVT
Albumin <NV
Albumin >NV
AFP<400
AFP>400
NLR<3

NLR>3
Absence EES
Presence EES
ECOG 0

ECOG >0
Eosinophils >50
Eosinophils <50

Forest plots for overall survival (a) and progression-free survival (b)

Better Lenvatinib

Better Sorafenib

FIGURE 3 Kaplan-Meier curves for OS in Sorafenib and Lenvatinib cohorts respect to BCLC-C stage (a), others etiology (b), presence of
portal vein thrombosis (c), albumin > NV (d), AFP < 400 (e), NLR < 3 (f), absence of extrahepatic spread (g), ECOG 1 (h) and eosinophil < 50 (i).
Abbreviations: BCLC, Barcelona Clinic Liver Cancer stage; ECOG, Eastern Cooperative Oncology Group Performance Status; NLR, Neutrophil-

Lymphocyte Ratio; OS, Overall Survival; NV, Normal Value; PFS, Progression-Free Survival

Control Rate (DCR) resulted in the two study cohorts confirmed the

superiority of Lenvatinib compared to Sorafenib (p < 0.00001 and

p = 0.002, respectively).

Another important aspect was that both the median OS and RR

obtained in the Lenvatinib arm of our study resulted to be longer
than the ones of the Lenvatinib group in the REFLECT trial (15.2 vs.
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TABLE 4 Interaction test for Sorafenib and Lenvatinib arms

Median OS
Sorafenib arm Lenvatinib arm HR (Cl 95%) p value Interaction test

Age

<65 10.1 (6.7-17.8) 22.8 (7.5-29.8) 0.58 (0.30-1.14) 0.1186

>65 10.8 (6.8-44.9) 14.9 (11.2-18.6) 0.66 (0.43-1.01) 0.0580 0,7588
Sex

Male 10.5 (7.9-44.9) 14.9 (11.4-29.8) 0.67 (0.46-0.98) 0.0505

Female 10.8 (2.7-22.8) 15.2 (7.0-15.2) 0.42 (0.16-1.12) 0.0857 0,4773
BCLC stage

B 15.8 (10.0-44.9) 16.8 (11.4-18.6) 0.85 (0.47-1.54) 0.6111

C 7.9 (4.9-10.9) 14.9 (10.0-29.8) 0.52 (0.33-0.82) 0.0049 0,3380
Etiology

HCV 10.8 (8.3-38.5) 12.4 (8.3-29.8) 1.00 (0.60-1.68) 0.9794 0,0512

HBV 10.9 (7.9-44.9) 18.6 (7.0-22.8) 0.57 (0.24-1.33) 0.1959 0,9013

Others 9.3 (4.1-14.6) 17.5 (11.4-17.5) 0.39 (0.21-0.72) 0.0029 0,0691
Portal vein thrombosis

No 10.5 (7.9-44.9) 14.9 (11.4-29.8) 0.74 (0.50-1.08) 0.1327

Yes 8.7 (2.3-34.2) NR 0.33 (0.13-0.82) 0.0279 0,0959
Albumin

<NV 9.5 (4.7-44.9) 11.2 (7.0-13.2) 1.04 (0.56-1.93) 0.8788

>NV 10.8 (7.9-14.9) 18.6 (14.9-29.8) 0.48 (0.31-0.76) 0.0016 0,0357
AFP

<400 10.5 (7.0-44.9) 17.5 (12.7-29.8) 0.60 (0.39-0.91) 0.0210

>400 10.1 (4.3-34.2) 12.4 (5.4-18.6) 0.80 (0.41-1.54) 0.5173 0,5386
NLR

<3 13.4 (8.7-44.9) 24.0 (14.9-24.0) 0.45 (0.27-0.75) 0.0041

>3 9.5 (5.2-35.7) 11.2 (7.0-29.8) 0.93 (0.57-1.51) 0.7723 0,0562
Extrahepatic spread

No 10.9 (5.6-17.8) 16.8 (11.2-18.6) 0.53 (0.31-0.90) 0.0205

Yes 10.5 (8.0-44.9) 14.9 (11.2-29.8) 0.76 (0.47-1.25) 0.2997 0,3888
Performance status

0 12.7 (9.5-44.9) 14.0 (11.2-29.8) 0.80 (0.53-1.20) 0.2889

1 6.4 (2.7-34.2) 15.5 (13.2-24.0) 0.34 (0.17-0.69) 0.0047 0,0283
Eosinophils

>50 12.7 (8.7-44.9) 15.2 (12.4-29.8) 0.72 (0.48-1.07) 0.1187

<50 8.3 (2.1-11.0) 12.0 (8.7-16.8) 0.25 (0.10-0.62) 0.0030 0,0524

Note: Numbers written in bold correspond to the statistically significance p.
Abbreviations: AFP, Alpha-fetus protein; BCLC, Barcelona Clinic Liver Cancer stage; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; HR, Hazard Ratio;
NLR, Neutrophil-Lymphocyte Ratio; NV, Normal Value; OS, Overall Survival.

13.6 months; 37.6% vs. 29.6%, respectively).'? This occurred even constitutes a subset of patients excluded in the REFLECT trial. On
though the present study population included patients with >50% of the other hand, the present study population included patients with

hepatic involvement and with main portal vein invasion, which less BCLC-C stage (36% vs. 78%), ECOG 1 (19% vs. 36%), Extra
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FIGURE 4 Kaplan-Meier curves for OS in Sorafenib and Lenvatinib cohorts respect to albumin > NV (a), ECOG > 0 (b), NLR < 3 (c),
patients without HCV positivity (d), patients hepatitis negative (e), presence of portal vein thrombosis (f), and eosinophil < 50 (g).
Abbreviations: ECOG, Eastern Cooperative Oncology Group Performance Status; HCV, Hepatitis C Virus; NLR, Neutrophil-Lymphocyte Ratio;
NV, Normal Value [Colour figure can be viewed at wileyonlinelibrary.com]

Hepatic Disease (EHD; 29% vs. 61%) diseases. Even though a direct
comparison between the two survival values is inappropriate for the
overmentioned reasons, this study demonstrated that patients
treated with Lenvatinib in real life can reach a very high mQOS, similar
to thus obtained in a phase Il trial. In a previous work conducted by
our research on 385 patients receiving Lenvatinib and 555 patients
receiving Sorafenib, Lenvatinib did not show a survival benefit over
Sorafenib (HR: 0.85, 95% Cl 0.70-1.02), even after an inverse
probability of treatment weight adjustment (HR: 0.82, 95% ClI:
0.62-1.07).Y” On the other hand, the survival curves we reported in
the previous work showed an overlap since start until about 1 year of
follow-up, thus suggesting the presence of a “harvesting effect,”
meaning that it is likely that Lenvatinib could provide a benefit with
respect to Sorafenib in those patients with less advanced tumor
spread, and whose baseline conditions are not so compromised. What
we concluded in this previous work, was that Lenvatinib was likely to
be superior to Sorafenib, but with a magnitude of effect which is not
immediately detectable.’” It is probably that the differences in terms
of results reported in the present work and our previous work could
be related to two different samples of patients, which show different
magnitudes and different baseline characteristics, and to the choice
of statistical methodology. Nevertheless, we can recognize that both
the works are consistent in showing a trend toward a better survival
outcome obtained by treating patients with Lenvatinib in first-line
therapy. Nowadays, the optimal choice between Sorafenib and Len-
vatinib as primary treatment in clinical practice is still controversial.
Moreover, the recent approval of the combination atezolizumab plus
bevacizumab make further complex the choice of the best treatment
in this clinical setting. The IMbrave150 trial demonstrated a benefit

in terms of OS and PFS of the new combination compared to

Sorafenib, by showing an OS at 12 months and a PFS of 67.2% (95%
Cl 61.3-73.1) and 6.8 months (95% Cl 5.7-8.3) with atezolizumab
plus bevacizumab and 54% (95% Cl 45.2-64.0) and 4.3 months (95%
Cl 4.0-5.6) with Sorafenib, respectively.*

Nowadays, no prospective trials have been conducted to direct
compare the combination strategy (atezolizumab plus bevacizumab)
with Lenvatinib. A network meta-analysis has been recently pre-
sented at ASCO annual meeting, with the purpose to indirectly
compare multiple studies looking at atezolizumab plus bevacizumab
versus Lenvatinib. Data from the exploratory analysis suggested that
the benefit of the combination regimen is not statistically significant
for patients with advanced HCC. More specifically, researchers re-
ported an estimated median hazard ratio (HR) for the combination of
atezolizumab and bevacizumab compared to Lenvatinib of 0.81 (95%
Crl: 0.61, 1.08; posterior P = 0.078) for overall survival (OS). When
looking at PFS, the median HR was 0.99 (95% Crl: 0.76, 1.28; pos-
terior P = 0.454) between atezolizumab and bevacizumab compared
to Lenvatinib.'® Since data are already insufficient and no validated
biomarkers exist in clinical practice able to select patients which are
likely to respond to a regimen instead to another, treatment with the
approved TKls remain a main stone in this setting of patients, and
real-word data are mandatory in order to optimize the knowledge.

The aim of our study was to fill this gap by evaluating the effi-
cacies and safeties in a real-word setting and identifying prognostic
and predictive factors of response to Lenvatinib and Sorafenib, thus
helping clinicians in the decision-making process.

Basically, the liver function and stage disease are the most
important prognostic parameters for both drugs.

BCLC stage has been evaluated as clinical predictive criterion of
response to Sorafenib in both the SHARP trial* and in the real-life
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SOFIA trial, where it was reported a significant survival advantage in
BCLC-B patients treated with Sorafenib compared to BCLC-C patients
(mOS 20.6 vs. 8.4 months, p < 0.0001, respectively).' More recently, a
pooled analysis of SHARP and Asia-Pacific trials confirmed the prog-
nostic and predictive role of BCLC-B stage compared to BCLC-C in
advanced HCC patients treated with Sorafenib (HR = 1.59, p = 0.02).%°
This study highlighted that serum bilirubin and serum albumin values
turned out to be prognostic factors for Lenvatinib and Sorafenib
treatments, respectively. Moreover, albumin > NV was highlighted to
be a predictive factor in favor of Lenvatinib treatment. Of note, both
the bilirubin and albumin values are included in the Child-Pugh score,
which is the hepatic function's parameter used in the BCLC staging
system.?2?2 Similarly, as parameter of the BCLC stage, the ECOG PS
was expected to result a prognostic factor.2>?# Actually, in the present
study, ECOG PS was highlighted to be not only prognostic, but pre-
dictive factor both in patients treated with Sorafenib and Lenvatinib.
Considering a treatment burdened with important AEs as TKI treat-
ment, a good ECOG PS could be related to a better treatment tolera-
bility, thus reducing the treatment suspension and, consequently,
improving the outcomes.

Other parameter that was found having a good correlation with
the prognosis in Lenvatinib arm, was increased AST value, which is
inconsistent with a previous analyses of SHARP and AP trials.2®
Pathological process related to high proliferative status, high tumor
cell turnover and tissue damage lead to an increase of AST but not
ALT,?® thus probably explaining the negative prognostic impact of
AST but not ALT.

The HCV related etiology was revealed to be a negative predictor
of response to Lenvatinib in our analysis. This interesting result is
consistent with data reported in a previous network metanalysis that
demonstrated a greater efficacy of Lenvatinib compared to Sorafenib
in HBV-positive patients.?” In the optic to find new tools to guide
treatment decision, the identification of biomarkers, including ones
related to the HCC's etiology,?® able to predict response or resistance
to treatments is of meaningful importance.

This study highlighted other prognostic and predictive factors
besides the liver function. In the last years a growing interest in the
interplay between HCC, inflammatory microenvironment and
circulating immune cells has emerged.?’3! The present study
revealed a positive predictor role of NLR value < 3 in favor to
Lenvatinib. Data highlighted that in the subgroup of patients
treated with Lenvatinib it was reached a mOS of 24 months
compared to only 13.4 months in patients treated with Sorafenib.
No significant differences were found in patients with NLR > 3 in
the two cohorts of patients. In the sub-analysis of SHARP and Asia-
Pacific trials conducted by Bruix et al.?° NLR has already demon-
strated to be a discrimination tool for patients which reached
benefit or not from Sorafenib. In our knowledge, this is the first
study which demonstrated the predictive role of NLR in patients
treated with Lenvatinib.

Another important point revealed in our analysis was the nega-
tive predict role of eosinophil count in patients treated with Sor-

afenib. In a previous work, Orsi et al. demonstrated a negative

prognostic impact of eosinophil count <50 in a training cohort and in
two validation cohorts.®2 Our study demonstrates for the first time
the predictive role of this peripheral cells.

A further point of discussion is the safety profile. In our analysis,
the incidence of AEs of any grade in the two treatment arms is
similar, but the quality of toxicity profile is different. In the Sorafenib
arm the incidence of HFRS in significantly higher, while in the Len-
vatinib arm the principal AEs reported were hypertension and fa-
tigue. Generally, dermatological AEs are not related to risk of death,
but they often compromise the patient's quality of life,%3~3> which is
in line with the sub-analysis of the REFLECT trial.*!* Of interest, no
differences in the incidence of diarrhea were reported in our study.

Our study has a number of limitations. The principal ones rely on
its retrospective nature and on the lack of a standardized follow-up
protocol in regard to clinical monitoring of HCC, which depended
on each institution's clinical practice. Nevertheless, the present work
captures real-word observational data which could help to clarify the
efficacy and tolerability of Lenvatinib compared to Sorafenib in
advanced HCC setting. Moreover, the use of a propensity score
matching reduces the selection bias inherent in the nature of a
retrospective trial which compare two heterogenous cohort of pa-
tients, thus helping the understanding of the real impact of Lenvati-
nib rather than Sorafenib. Since data from randomized designed to
capture data of superiority of Lenvatinib over Sorafenib are not
available, our results could be of clinical interest in helping physician

in the daily clinical practice's choice.

CONCLUSION

In our knowledge, this is the first study that demonstrated a supe-
riority in terms of overall survival of Lenvatinib over Sorafenib in a
real-word setting. This study confirmed higher response rate of
Lenvatinib compared Sorafenib. For the first time, NLR < 3 has
turned out to represent a good tool for preferring the use of Len-
vatinib rather than Sorafenib in advanced HCC setting. The safety
profile is consistent with what observed in the REFLECT trial, thus
legitimating the use Lenvatinib as a first choice in the advanced HCC
setting. Biomarkers able to identify responders to Lenvatinib rather
than Sorafenib lack in clinical setting, and further trials of validation

are needed.

ACKNOWLEDGMENT
Open Access Funding provided by Universita degli Studi di Modena e
Reggio Emilia within the CRUI-CARE Agreement.

CONFLICT OF INTEREST

The authors have no relevant affiliations or financial involvement
with any organization or entity with a financial interest in or financial
conflict with the subject matter or materials discussed in the manu-
script. This includes employment, consultancies, honoraria, stock
ownership or options, expert testimony, grants or patents received or

pending, or royalties.



1240 |

RIMINI ET AL

HEPATOLOGY RESEARCH

ORCID

Shigeo Shimose
Toshifumi Tada
Atsushi Hiraoka
Kouiji Joko

Yoichi Hiasa

https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0002-0976-6761
https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0001-8111-3266
https://orcid.org/0000-0003-4117-339X

REFERENCES

1

10.

11.

12.

13.

14.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018 Nov;68(6):394-424.

Cronin KA, Lake AJ, Scott S, Sherman RL, Noone AM, Howlader
N, et al. Annual report to the nation on the status of cancer,
part I: national cancer statistics. Cancer. 2018 Jul;124(13):
2785-800.

Ghouri YA, Mian |, Rowe JH. Review of hepatocellular carcinoma:
epidemiology, etiology, and carcinogenesis. J Carcinog. 2017;16:1.
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al.
Sorafenib in advanced hepatocellular carcinoma. N Engl J Med.
2008;359:378-90.

Cheng A, Kang Y, Chen Z, Tsao C, Qin S, Kim J, et al. Efficacy and
safety of Sorafenib in patients in the Asia-Pacific region with
advanced hepatocellular carcinoma: a phase Il randomised,
double-blind, placebo-controlled trial. Lancet Oncol. 2009;10:
25-34.

European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu. European Association for the study of the
liver: EASL clinical practice guidelines: management of hepatocel-
lular carcinoma. J Hepatol. 2018;69:182-236.

Cheng AL, Kang YK, Lin DY, Park JW, Kudo M, Qin S, et al. Sunitinib
versus Sorafenib in advanced hepatocellular cancer: results of a
randomized phase Il trial. J Clin Oncol. 2013;31:4067-75.
JohnsonPJ,Qin S, Park JW, Poon RT, Raoul JL, Philip PA, et al. Brivanib
versus Sorafenib as first-line therapy in patients with unresectable,
advanced hepatocellular carcinoma: results from the randomized
phase Il BRISK-FL study. J Clin Oncol. 2013;31:3517-24.

Cainap C, Qin S, Huang WT, Chung IJ, Pan H, Cheng Y, et al. Linifanib
versus Sorafenib in patients with advanced hepatocellular carci-
noma: results of a randomized phase IIl trial. J Clin Oncol.
2015;33:172-9.

Zhu AX, Rosmorduc O, Evans TR, Ross PJ, Santoro A, Carrilho FJ,
et al. SEARCH: a phase lll, randomized, double-blind, placebo-
controlled trial of Sorafenib plus erlotinib in patients with
advanced hepatocellular carcinoma. J Clin Oncol. 2015;33:559-66.
Abou-Alfa GK, Niedzwieski D, Knox JJ, Kaubisch A, Posey J, Tan BR,
et al. Phase Ill randomized study of Sorafenib plus doxorubicin
versus Sorafenib in patients with advanced hepatocellular carcinoma
(HCC): CALGB 80802. J Clin Oncol. 2016;34:4003.

Kudo M, Finn RS, Qin S, Han KH, lkeda K, Piscaglia F, et al.
Lenvatinib versus Sorafenib in first-line treatment of patients with
unresectable hepatocellular carcinoma: a randomised phase 3 non-
inferiority trial. Lancet. 2018;391:1163-73.

Vogel A, Cervantes A, Chau |, Daniele B, Llovet JM, Meyer T, et al.
Hepatocellular carcinoma: ESMO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2018;29(Suppl 4):
iv238-iv255.

Finn RS, Qin S, lkeda M, Galle PR, Ducreux M, Kim TY, et al.
IMbrave150 Investigators. Atezolizumab plus bevacizumab in
unresectable hepatocellular carcinoma. N Engl J Med. 2020 May
14;382(20):1894-905. doi:10.1056/NEJM0al1915745. PMID: 324
02160.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

Cheon J, Chon HJ, Bang Y, Park NH, Shin JW, Kim KM, et al. Real-
world efficacy and safety of Lenvatinib in Korean patients with
advanced hepatocellular carcinoma: a multicenter retrospective
analysis. Liver Cancer. 2020 Sep;9(5):613-24.

Wang DX, Yang X, Lin JZ, Bai Y, Long JY, Yang XB, et al. Efficacy and
safety of Lenvatinib for patients with advanced hepatocellular car-
cinoma: a retrospective, real-world study conducted in China. World
J Gastroenterol. 2020 Aug 14;26(30):4465-78.

Casadei-Gardini A, Scartozzi M, Tada T, Yoo C, Shimose S, Masi
G, et al. Lenvatinib versus Sorafenib in first-line treatment of
unresectable hepatocellular carcinoma: an inverse probability of
treatment weighting analysis. Liver Int. 2021 Jun;41(6):1389-97.
doi:10.1111/1iv.14817. Epub 2021 Feb 20. PMID: 335
47848.

Trueman D, Liu'Y, Lucero M. The comparative efficacy of atezolizumab
and bevacizumab versus Lenvatinib in patients with unresectable
hepatocellular carcinoma (uHCC). Abstract presented at: 2021
American Society of Clinical Oncology Annual Meeting; June 8-11,
2021; virtual. e16151. doi:10.1200/JC0.2021.39.15_suppl.e16151
lavarone M, Cabibbo G, Piscaglia F, Zavaglia C, Grieco A, Villa E,
et al. SOFIA (SOraFenib Italian Assessment) study group. Field-
practice study of Sorafenib therapy for hepatocellular carci-
noma: a prospective multicenter study in Italy. Hepatology.
2011;54:2055-63.

Bruix J, Cheng AL, Meinhardt G, Nakajima K, De Sanctis VY, Llovet J.
Prognostic factors and predictors of Sorafenib benefit in patients
with hepatocellular carcinoma: analysis of two phase Il studies. J
Hepatol. 2017;67:999-1008.

Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the
BCLC staging classification. Semin Liver Dis. 1999;19(3):329-38.
doi:10.1055/s-2007-1007122. PMID: 10518312.

Bruix J, Reig M, Sherman M. Evidence-based diagnosis, staging, and
treatment of patients with hepatocellular carcinoma. Gastroenter-
ology. 2016 Apr;150(4):835-53. doi:10.1053/j.gastro.2015.12.041.
Epub 2016 Jan 12. PMID: 26795574.

Marisi G, Cucchetti A, Ulivi P, Canale M, Cabibbo G, Solaini L, et al.
Ten years of Sorafenib in hepatocellular carcinoma: are there any
predictive and/or prognostic markers? World J Gastroenterol. 2018
Sep;24(36):4152-63.

Casadei Gardini A, Scarpi E, Foschi FG, Marisi G, Maltoni M,
Frassineti GL. Impact of physician experience and multidisciplinary
team on clinical outcome in patients receiving Sorafenib. Clin Res
Hepatol Gastroenterol. 2018 Dec;52210-7401(18):30262-6.
Cheng AL, Guan Z, Chen Z, Tsao CJ, Qin S, Kim JS, et al. Efficacy
and safety of Sorafenib in patients with advanced hepatocellular
carcinoma according to baseline status: subset analyses of the
phase Il Sorafenib Asia-Pacific trial. Eur J Canc. 2012 Jul;48(10):
1452-65.

Bezan A, Mrsic E, Krieger D, Stojakovic T, Pummer K, Zigeuner R,
et al. The preoperative AST/ALT (De ritis) ratio represents a poor
prognostic factor in a cohort of patients with Nonmetastatic renal
cell carcinoma. J Urol. 2015 Jul;194(1):30-5.

Casadei Gardini A, Puzzoni M, Montagnani F, Marisi G, Tamburini E,
Cucchetti A, et al. Profile of Lenvatinib in the treatment of hepa-
tocellular carcinoma: design, development, potential place in therapy
and network meta-analysis of hepatitis B and hepatitis C in all Phase
11l trials. OncoTargets Ther. 2019 Apr 24;12:2981-8. doi:10.2147/
OTT.5192572. PMID: 31118665; PMCID: PMC6499482.
Doycheva |, Thuluvath PJ. Systemic therapy for advanced hepato-
cellular carcinoma: an update of a rapidly evolving field. J Clin Exp
Hepatol. 2019 Sep-Oct;9(5):588-96.d0i:10.1016/j.jceh.2019.07.012.
Epub 2019 Aug 2. PMID: 31695249; PMCID: PMC6823698.

Zhang Q, He Y, Luo N, Patel SJ, Han Y, Gao R, et al. Landscape and
dynamics of single immune cells in hepatocellular carcinoma. Cell.


https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0002-0976-6761
https://orcid.org/0000-0002-0976-6761
https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0001-8111-3266
https://orcid.org/0000-0001-8111-3266
https://orcid.org/0000-0003-4117-339X
https://orcid.org/0000-0003-4117-339X
https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0002-0976-6761
https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0001-8111-3266
https://orcid.org/0000-0003-4117-339X

HEPATOLOGY RESEARCH

RIMINI ET AL. 1241

30.

31.

32.

33.

2019 Oct 31;179(4):829-45. doi:10.1016/j.cell.2019.10.003. PMID:
31675496.

Jin K, Li T, Sanchez-Duffhues G, Zhou F, Zhang L. Involvement
of inflammation and its related microRNAs in hepatocellular carci-
noma. Oncotarget. 2017 Mar 28;8(13):22145-65. doi:10.18632/
oncotarget.13530. PMID: 27888618; PMCID: PMC5400654.
Casadei Gardini A, Scarpi E, Faloppi L, Scartozzi M, Silvestris N,
Santini D, et al. Immune inflammation indicators and implication for
immune modulation strategies in advanced hepatocellular carci-
noma patients receiving Sorafenib. Oncotarget. 2016 Oct;7(41):
67142-9.

Orsi G, Tovoli F, Dadduzio V, Vivaldi C, Brunetti O, lelasi L, et al.
Prognostic role of blood eosinophil count in patients with Sorafenib-
treated hepatocellular carcinoma. Target Oncol. 2020 Dec;15(6):
773-785. https://doi.org/10.1007/s11523-020-00757-3.
Villanueva A. Hepatocellular carcinoma. N Engl J Med. 2019
Apr;380(15):1450-62.

34.

35.

Rimassa L, Danesi R, Pressiani T, Merle P. Management of adverse
events associated with tyrosine kinase inhibitors: improving out-
comes for patients with hepatocellular carcinoma. Canc Treat Rev.
2019 Jul;77:20-8.

lkeda M, Kobayashi M, Tahara M, Kaneko S. Optimal management of
patients with hepatocellular carcinoma treated with Lenvatinib.
Expet Opin Drug Saf. 2018 Nov;17(11):1095-105.

How to cite this article: Rimini M, Shimose S, Lonardi S, Tada
T, Masi G, lwamoto H, et al. Lenvatinib versus Sorafenib as
first-line treatment in hepatocellular carcinoma: a multi-
institutional matched case-control study. Hepatol Res.
2021;51(12):1229-41. https://doi.org/10.1111/hepr.13718


https://doi.org/10.1007/s11523-020-00757-3
https://doi.org/10.1111/hepr.13718

	Lenvatinib versus Sorafenib as first‐line treatment in hepatocellular carcinoma: A multi‐institutional matched case‐control ...
	INTRODUCTION
	METHODS AND MATERIALS
	STATISTICALLY ANALYSIS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST


