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Abstract
Introduction: In the REFLECT trial, lenvatinib was found to 
be noninferior compared to sorafenib in terms of overall sur-
vival. Here, we analyze the effects of lenvatinib in the real-life 
experience of several centers across the world and identify 
clinical factors that could be significantly associated with 
survival outcomes. Methods: The study population was de-
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rived from retrospectively collected data of HCC patients 
treated with lenvatinib. The overall cohort included western 
and eastern populations from 23 center in five countries. Re-
sults: We included 1,325 patients with HCC and treated with 
lenvatinib in our analysis. Median OS was 16.1 months. Over-
all response rate was 38.5%. Multivariate analysis for OS 
highlighted that HBsAg positive, NLR >3, and AST >38 were 
independently associated with poor prognosis in all models. 
Conversely, NAFLD/NASH-related etiology was indepen-
dently associated with good prognosis. Median progression-
free survival was 6.3 months. Multivariate analysis for pro-
gression-free survival revealed that NAFLD/NASH, BCLC, 
NLR, and AST were independent prognostic factors for pro-
gression-free survival. A proportion of 75.2% of patients suf-
fered from at least one adverse effect during the study pe-
riod. Multivariate analysis exhibited the appearance of de-
creased appetite grade ≥2 versus grade 0–1 as an 
independent prognostic factor for worse progression-free 
survival. 924 patients of 1,325 progressed during lenvatinib 
(69.7%), and 827 of them had a follow-up over 2 months 
from the beginning of second-line treatment. From first-line 
therapy, the longest median OS was obtained with the se-
quence lenvatinib and immunotherapy (47.0 months), fol-
lowed by TACE (24.7 months), ramucirumab (21.2 months), 
sorafenib (15.7 months), regorafenib (12.7 months), and best 
supportive care (10.8 months). Conclusions: Our study con-
firms in a large and global population of patients with ad-
vanced HCC, not candidates for locoregional treatment the 
OS reported in the registration study and a high response 
rate with lenvatinib. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC), the most frequent 
primary liver malignancy, ranks as the sixth cancer world-
wide in terms of incidence [1, 2]. HCC commonly devel-
ops in the context of advanced liver disease, e.g., chronic 
viral infections (hepatitis B or C), alcohol abuse or non-
alcoholic fatty liver disease (NAFLD), and nonalcoholic 
steatohepatitis (NASH) [3, 4].

The efficacy of sorafenib in the treatment of advanced 
HCC has been demonstrated in two randomized phase 3 
trials, the SHARP study [5] and the Asia-Pacific study [6]. 
In both trials, sorafenib achieved a significant improve-
ment in overall survival (OS) and time to progression. In 
absolute terms, the median survival prolongation was ap-
proximately 3 months in the SHARP study, and 2 months 
in the Asian study, with a hazard ratio (HR) of 0.69 and 

0.68, respectively. Based on these results, sorafenib was 
approved by the EMA and FDA for the treatment of HCC 
in October 2007.

After sorafenib approval, several phase 3 trials have 
failed to demonstrate improved outcomes over sorafenib 
in the first-line setting [7–11]. Recently, REFLECT trial 
meets its primary endpoint [12]. Treatment with lenva-
tinib resulted in an OS of 13.6 months compared to 12.3 
months in the sorafenib arm. Lenvatinib showed a statis-
tically significant improvement compared to sorafenib 
for all secondary efficacy endpoints as determined by in-
vestigator tumor assessments based on modified Re-
sponse Evaluation Criteria in Solid Tumors. The median 
time to progression was 8.9 months with lenvatinib and 
3.7 months with sorafenib (HR: 0.63; p < 0.00001). In ad-
dition, lenvatinib demonstrated a significantly higher 
overall response rate compared with sorafenib (24% vs. 
9%; odds ratio: 3.13; p < 0.00001) [12].

Two phase 3 trials of programmed cell death 1 (PD-1) 
inhibitors nivolumab (KEYNOTE-240) and pembrolizu-
mab (CheckMate 459) did not reach their primary end-
points, in first line and in second line, respectively [12, 
13], although pembrolizumab has been demonstrated su-
perior to best supportive care as second-line therapy in 
Asian patients (KEYNOTE-394) [14]. IMbrave150 trial 
demonstrated a statistically significant improvement in 
OS and PFS with atezolizumab and bevacizumab com-
pared to sorafenib [15]. Recently, the phase III trial HI-
MALAYA trial demonstrated a statistically significant 
improvement in OS with the combination of the anticy-
totoxic T-lymphocyte antigen 4 (CTLA-4) tremelimum-
ab plus the anti-PD-L1 durvalumab (STRIDE regiment) 
compared to sorafenib [16].

Recently, Pfister et al. [17] demonstrated that the in-
crease of hepatic CD8+PD1+ T cells induced by immu-
notherapy impairs immune surveillance and could trig-
ger hepatocarcinogenesis in mouse model of NASH. Fur-
thermore, Pfister and collaborators performed a meta-
analysis of three large immunotherapy studies using 
aggregate data and not on individual patient data (Check-
Mate 459, IMbrave150, and KEYNOTE-240) and ana-
lyzed the survival results based on etiology (viral vs. non-
viral). Notably, in the subset of patients with nonviral 
HCC, they did not show an improved survival with im-
munotherapy. Conversely, survival was improved in 
HBV- and HCV-related HCC patients treated with im-
munotherapy. However, it should be mentioned that this 
meta-analysis was performed on published data and in-
cluded nonhomogeneous trials, run in first- and second-
line setting, with single agents and a combination, the 
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nonviral etiology included both alcohol and NASH, and 
not only NASH; therefore, the results can be considered 
only hypothesis generating. Recently, data from HIMA-
LAYA trial highlighted the superiority of immunothera-
py in nonviral patients [16]. Based on the different results 
achieved in different trials, no conclusion regarding etiol-
ogy and treatment outcome can be drawn.

Moving from the scenario of randomized clinical trials 
to a real-life setting, this study aims to analyze the effi-
cacy of lenvatinib in the real-life experience of several 
centers across the world. Beyond that, we identified clin-
ical factors that could be significantly associated with sur-
vival outcomes.

Patients and Methods

Patients and Treatment
The study population derived from retrospectively collected 

data of patients treated with lenvatinib as first line for advanced-
stage HCC (Barcelona Clinic Liver Cancer [BCLC]-C) or for inter-
mediate HCC (BCLC-B) was deemed not eligible for surgical or 
locoregional therapies. The overall cohort included western and 
eastern populations from 23 centers in 5 countries (Italy, Japan, 
China, Germany, and Republic of Korea) treated between August 
2010 and February 2021.

The primary outcome of the study was OS, defined as the time 
from initiation of lenvatinib treatment to the date of death or the 
patient’s last follow-up. Follow-up ended in June 2021.

Lenvatinib was administered once daily orally as described in 
the REFLECT trial [18]. Patients received 12 mg if baseline body-
weight was ≥60 kg or 8 mg if baseline bodyweight was <60 kg.

Treatment interruptions and dose reductions were allowed to 
manage adverse events (AEs). AEs were recorded and graded using 
the National Cancer Institute Common Terminology Criteria for 
Adverse Events (NCI-CTCAE) version 4.03 [19]. All hematologic 
blood tests and patients’ characteristics were carried out at baseline 
the day before the start of the treatment.

The study was approved by the Ethics Committee (number 
DSAN854-A-OS/5 of Ethical committee of San Raffaele Hospital), 
complied with the provisions of the Good Clinical Practice guide-
lines 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 processing of personal data.

Statistical Analysis
The aim of this analysis was to examine the association between 

baseline characteristics and OS in patients with HCC treated with 
lenvatinib. Association between categorical variables was assessed 
using Fisher’s exact test, when appropriate. In case of unknown 
cut-off in literature, X-tile 3.6.1 software (Yale University, New 
Haven, CT, USA) was used to determine the cut-off value for base-
line levels.

OS was defined as the time interval between the time from the 
start date of treatment to the date of death or last follow-up visit. 
OS was estimated by the Kaplan-Meier method, and curves were 

compared by the log-rank test. The multivariate analyses were 
conducted using three models. Model 1 included all basal positive 
analysis that we found in univariate analysis plus BCLC and Child-
Pugh (CP) stage. In the other two models, we split the BCLC and 
CP in their components.

The significance level of 5% was used to determine statistical 
significance. MedCalc package (MedCalc® version 16.8.4) was 
used for all statistical analysis.

Results

Patients
Between August 2010 and February 2021, we included 

1,325 patients with HCC treated with lenvatinib in our 
analysis. The study sample included 1,040 males (78.5%) 
and 285 females (21.5%) with a median age at diagnosis 
of 72 years (range 25–97). 1,173 patients (88.5%) had CP 
class-A. 749 patients (56.5%) had BCLC-C disease stage. 
31.1% of patients had an α-fetoprotein (AFP) level >400 
ng/mL. The most common underlying etiology was hep-
atitis infection from C virus (37.2%) followed by other 
etiology (23.1%), hepatitis B (20.9), and NAFLD/NASH 
(18.8%). NAFLD/NASH population was defined as fol-
lows: we used European Association for the Study of the 
Liver, European Association for the Study of Diabetes, 
and European Association for the Study of Obesity Clin-
ical Practice Guidelines to define NAFLD-related HCC. 
NASH-related HCC was defined based on the presence of 
these parameters: Presence of steatosis in >5% of hepato-
cytes according to histological analysis; patients without 
a history of alcohol abuse (30 g for men and 20 g for wom-
en) per day; HBV and HCV negative. Other characteris-
tics were reported in Table 1.

At the time of analysis (August 2021), 781 (59%) pa-
tients were still alive (415 on treatment) and 544 (41%) 
had died. Median follow-up was 13.8 months (95% CI: 
13.2–14.9).

Efficacy and Prognostic Factor
The median OS was 16.1 months (95% CI: 15.2–51.6) 

(Fig. 1), and 70.1% of the patients were alive after 1 year. 
Considering basal characteristics, the univariate analysis 
identified ECOG > 0 (vs. 0; HR 1.47; p = 0.0019), HBsAg 
positive (vs. negative; HR 1.26; p = 0.0275), AFP > 400 (vs. 
≤400; HR 1.74; p < 0.0001), ALBI grade 2 (vs. 1; HR 2.81; 
p < 0.0001), BCLC-C (vs. B; HR 1.65; p < 0.0001), portal 
vein invasion positive (vs. negative; HR 1.68; p < 0.0001), 
CP B (vs. A; HR 2.33; p < 0.0001), neutrophils to lympho-
cyte ratio (NLR) > 3 (vs. <3; HR 1.80; p < 0.0001), alanine 
aminotransferase (ALT) >32 (vs. <32; HR 1.54; p < 
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Table 1. Basal characteristics of patients; univariate and multivariate analysis for OS

Patients, % Univariate analysis Multivariate, 
model 1

p value Multivariate, 
model 2

p value Multivariate, 
model 3

p value

Age
<70 41.4 1

0.2601>70 58.6 0.90 (0.76–1.08)
Gender

Male 78.5 1
0.7129Female 21.5 1.04 (0.84–1.28)

ECOG PS
0 82.7 1

0.0019
1

0.3189
1

0.2083>0 17.3 1.47 (1.15–1.88) 1.25 (0.80–1.94) 1.32 (0.85–2.04)
HCV

No 62.8 1
0.7984Yes 37.2 0.98 (0.82–1.16)

HBV
No 79.1 1

0.0275
1

0.0071
1

0.0008
1

0.0049Yes 20.9 1.26 (1.03–1.56) 1.56 (1.13–2.17) 1.77 (1.27–2.48) 1.61 (1.15–2.25)
NAFLD/NASH

No 81.2 1
0.0012

1
0.0438

1
0.0137

1
0.0489Yes 18.8 0.71 (0.58–0.87) 0.58 (0.33–0.98) 0.55 (0.34–0.88) 0.61 (0.38–0.99)

Other etiology
No 76.9 1

0.1759Yes 23.1 1.15 (0.93–1.41)
AFP

<400 68.9 1
<0.0001

1 1
0.1388

1
0.0545>400 31.1 1.74 (1.43–2.11) 1.29 (0.95–1.78) 0.1025 1.26 (0.93–1.73) 1.35 (0.95–1.91)

ALBI grade
1 89.4 1

<0.0001
1

0.86152 10.6 2.81 (2.04–3.86) 1.05 (0.61–1.79)
BCLC

B 43.5 1
<0.0001

1
0.0027C 56.5 1.65 (1.39–1.95) 1.64 (1.19–2.27)

Macrovascular invasion
No 79.8 1

<0.0001
1

0.9199
1

0.8668Yes 20.2 1.68 (1.34–2.11) 1.02 (0.72–1.43) 1.03 (0.73–1.46)
CP

A 88.5 1
<0.0001

1
0.9302B 11.5 2.33 (1.72–3.15) 0.97 (0.57–1.68)

NLR
<3 63.4 1

<0.0001
1

<0.0001
1

<0.0001
1

<0.0001>3 36.6 1.80 (1.46–2.22) 1.95 (1.46–2.60) 1.93 (1.44–2.59) 2.01 (1.50–2.69)
ALT

<32 51.5 1
<0.0001

0.9263 1 0.9162 1 0.8630
>32 48.5 1.54 (1.30–1.82) 1.01 (0.73–1.40) 1.02 (0.74–1.41) 1.03 (0.74–1.42)

AST
<38 45.2 1

<0.0001
1

0.0167
1

0.0339
1

0.0147>38 54.8 1.70 (1.44–2.02) 1.52 (1.08–2.13) 1.41 (1.03–1.95) 1.55 (1.09–2.20)
Bilirubin

<NV 78.7 1
<0.0001

1
0.0319>NV 21.3 1.81 (1.44–2.28) 1.43 (1.03–1.97)

Albumin
<35 29.6 1

<0.0001
1

0.0007>35 70.4 0.44 (0.36–0.53) 0.54 (0.38–0.77)
Creatinine

<0.67 22.3 1
0.7955>0.67 77.7 1.03 (0.84–1.26)

Alkaline phosphatase
>200 37.7 1

0.01
1

0.9364
1 1

0.4001<200 62.3 0.67 (0.50–0.91) 0.98 (0.70–1.39) 0.77 (0.54–1.09) 0.1450 0.86 (0.61–1.21)

TACE, transarterial chemoembolization; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncologic Group Performance Status; AFP, alpha-
fetoprotein; CV, continuous variables; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NLR, neutrophils to lymphocyte ratio.
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0.0001), aspartate aminotransferase (AST) > 38 (vs. <38; 
HR 1.70; p < 0.0001), bilirubin > NV (vs. <NV; HR 1.81; 
p < 0.0001) as potential prognostic factors for poorer OS. 
Conversely, the univariate analysis identified NAFLD/
NASH-related etiology yes (vs. no; HR 0.71; p = 0.0012) 
and phosphatases alkaline <200 (vs. >200; HR 0.67; p = 
0.01) as potential prognostic factors for better OS (Ta-
ble 1).

To test all these variables in a multivariate model with-
out incurring in the bias of multicollinearity, we con-
structed three models: model 1 consisted of HBV, NAFLD/
NASH, AFP, BCLC, CP class, NLR, ALT, and AST; mod-
el 2 consisted of ECOG, HBV, NAFLD/NASH, AFP, ALBI 
grade, portal vein invasion, NLR, ALT, and AST; model 3 
consisted of ECOG, HBV, NAFLD/NASH, AFP, portal 
vein invasion, NLR, ALT, AST, bilirubin, and albumin.

These models showed that HBsAg positive (Fig. 2a), 
NLR > 3 (Fig. 2b), and AST > 38 (Fig. 2c) were indepen-
dently associated with poorer prognosis in all models. 
Conversely, NAFLD/NASH-related etiology (Fig.  2d) 
was independently associated with a good prognosis. 
BCLC-C was associated with poorer prognosis (Fig. 2e). 
The ALBI grade was not associated with prognostic im-
pact, but when we analyzed bilirubin (Fig. 2f) and albu-
min (Fig. 2g) separately, both presented a prognostic im-
pact (Table 1).

Best response data were available in 1,298 patients. 
Sixty-eight patients (5.2%) showed a complete response, 
433 patients (33.3%) a partial response, 542 patients 
(41.7%) a stable disease, and 255 patients (19.8%) a pro-
gressive disease. So, the disease control rate was 80.2%.

Progression-Free Survival and Clinical Outcome
Our date showed a median progression-free survival 

of 6.3 months (95% CI: 6.0–46.5) (Fig. 1). For basal char-
acteristics, the univariate analysis identified ECOG > 0 
(vs. 0; HR 1.25; p = 0.0209), HBsAg positive (vs. negative; 
HR 1.25; p = 0.0061), AFP > 400 (vs. 400; HR 1.28; p = 
0.001), ALBI grade 2 (vs. 1; HR 1.67; p = 0.0001), BCLC-C 
(vs. B; HR 1.36; p < 0.0001), portal vein invasion yes (vs. 
no; HR 1.30; p = 0.0029), CP B (vs. A; HR 1.37; p = 0.0075), 
NLR > 3 (vs. <3; HR 1.24; p = 0.0077), ALT > 32 (vs. <32; 
HR 1.19; p = 0.0107), AST > 38 (vs. <38; HR 1.27; p = 
0.0004), bilirubin > NV (vs. <NV; HR 1.26; p = 0.0083) as 
potential prognostic factors for poorer progression-free 
survival.

Conversely, the univariate analysis identified NAFLD/
NASH-related etiology yes (vs. no; HR 0.83; p = 0.0237) 
and albumin > NV (vs. <NV; HR 0.78; p = 0.0013) as po-
tential prognostic factors for good progression-free sur-
vival (Table 2). After adjusting for positive clinical covari-
ates used in model 1, the multivariate analysis highlighted 
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NAFLD/NASH yes (vs. no; HR 0.87, 95% CI: 0.75–0.93, 
p = 0.0090) (online suppl. Fig. 1A; for all online suppl. 
material, see www.karger.com/doi/10.1159/000525145), 
BCLC-C (vs. BCLC-B; HR 1.33, 95% CI: 1.14–1.55, p = 
0.0002) (online suppl. Fig. 1B), NLR > 3 (vs. <3 HR 1.16, 

95% CI: 1.01–1.36, p = 0.0482) (online suppl. Fig. 1C), 
and AST > 38 (vs. <38; HR 1.21, 95% CI: 1.01–1.45, p = 
0.0365) (online suppl. Fig. 1D) as independent prognostic 
factors for progression-free survival (Table 2).
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Table 2. Univariate and multivariate analysis for progression-free survival

Univariate Multivariate

Age
<70 1

0.2867>70 0.93 (0.81–1.06)
Gender

Male 1
0.4646Female 0.94 (0.80–1.10)

ECOG PS
0 1

0.0209>0 1.25 (1.03–1.51)
HCV

No 1
0.9465Yes 0.99 (0.87–1.14)

HBV
No 1

0.0061
1

0.2940Yes 1.25 (1.07–1.47) 1.05 (0.87–1.15)
NAFLD/NASH

No 1
0.0237

1
0.0090Yes 0.83 (0.71–0.97) 0.87 (0.75–0.93)

Other etiology
No 1

0.7188Yes 0.97 (0.83–1.13)
AFP

<400 1
0.001

1
0.1968>400 1.28 (1.10–1.48) 1.11 (0.95–1.31)

ALBI grade
1 1

0.00012 1.67 (1.29–2.15)
BCLC

B 1
<0.0001

1
0.0002C 1.36 (1.20–1.55) 1.33 (1.14–1.55)

Portal vein invasion
No 1

0.0029Yes 1.30 (1.09–1.55)
CP

A 1
0.0075

1
0.2052B 1.37 (1.09–1.72) 1.17 (0.91–1.50)

NLR
<3 1

0.0077
1

0.0482>3 1.24 (1.06–1.44) 1.16 (1.01–1.36)
ALT

<32 1
0.0107

1
0.8008>32 1.19 (1.04–1.35) 0.98 (0.82–1.17)

AST
<38 1

0.0004
1

0.0365>38 1.27 (1.11–1.45) 1.21 (1.01–1.45)
Bilirubin

<NV 1
0.0083>NV 1.26 (1.06–1.49)

Albumin
<35 1

0.0013>35 0.78 (0.67–0.90)
Creatinine

<0.67 1
0.2549>0.67 1.10 (0.93–1.28)

Alkaline phosphatase
>200 1

0.4329<200 0.92 (0.76–1.12)

BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncologic Group Performance Status; AFP, alpha 
fetoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NLR, neutrophils to lymphocyte ratio.
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Safety and Clinical Outcome
A proportion of 75.2% of patients presented at least 

one adverse effect during the study period. The most 
common events were other toxicity (46.0%), fatigue 
(32.5%), and decreased appetite (31.9%). 29.2% of the 
events were grade (G) 3 (Table 3). No drug-related death 
was reported.

We explored possible AEs associated with differences 
in OS. At univariate analysis, a difference in OS was de-
tected for decreased appetite yes versus no (HR 1.24; p = 
0.0193); decreased appetite G ≥ 2 versus G 0–1 (HR 1.49; 
p = 0.0004); diarrhea yes versus no (HR 0.78; p = 0.0196); 
diarrhea G ≥ 2 versus G 0–1 (HR 0.72; p = 0.0152); hand-
foot skin reaction (HFSR) yes versus no (HR 0.72; p = 
0.0007); HFSR G ≥ 2 versus G 0–1 (HR 0.74; p = 0.0141); 
arterial hypertension yes versus no (HR 0.75; p = 0.0014); 
arterial hypertension G ≥ 2 versus G 0–1 (HR 0.69; p = 
0.0001); hypothyroidism yes versus no (HR 0.68; p < 
0.0001); hypothyroidism G ≥ 2 versus G 0–1 (HR 0.77;  
p = 0.0135); proteinuria yes versus no (HR 0.68; p = 
0.0001); proteinuria G ≥ 2 versus G 0–1 (HR 0.72; p = 
0.0044) (Table 4).

After adjusting for positive clinical covariates used in 
model 1, the multivariate analysis highlighted the appear-
ance of decreased appetite G ≥ 2 versus G 0–1 as an inde-
pendent prognostic factor for OS (HR 1.74, 95% CI: 1.55–
2.14, p = 0.0072) (Table 4; online suppl. Fig. 2).

Post-Lenvatinib Treatment
924 patients of 1,325 progressed during lenvatinib 

(69.7%) and 827 of them had a follow-up over 2 months 
from the beginning of second-line treatment. The analy-
ses were performed on this population. Three hundred 
ninety-one (47.3%) patients received best supportive 
care, 174 received sorafenib (21.0%), 160 received trans-
arterial chemoembolization (TACE) (19.3%), 60 patients 
received immunotherapy (7.2%), 28 patients ramucirum-

ab (3.4%), and 14 patients regorafenib (1.7%). We per-
formed analysis in term of OS from the first line with 
lenvatinib.

From first-line therapy, the longest median OS was ob-
tained with the sequence lenvatinib and immunotherapy 
(47.0 months), followed by TACE (24.7 months), ramu-
cirumab (21.2 months), sorafenib (15.7 months), rego-
rafenib (12.7 months), and best supportive care (10.8 
months). From second-line therapy, the longest median 
OS was obtained by the sequence lenvatinib and immu-
notherapy (17.2 months), followed by ramucirumab (10.3 
months), TACE (8.7 months), sorafenib (8.6 months), 
regorafenib (5.0 months), and no treatment (4.5 months). 
Patients treated with immunotherapy had a higher re-
sponse rate compared to other treatments (p < 0.0001).

Following adjustment, the choice of treatment in sec-
ond line with known prognostic variables in second line 
(AFP, BCLC, CP, and median PFS in first line), multi-
variate analysis highlighted that immunotherapy was an 
independent prognostic factor for better OS (HR = 0.65; 
95% CI: 0.45–0.97; p = 0.0394). Regorafenib and placebo 
were independent prognostic factors for worse OS (HR = 
3.62; 95% CI: 1.40–9.36; p = 0.008; HR = 2.58; 95% CI: 
1.23–3.14; p = 0.0014; respectively).

Discussion

Moving from the scenario of randomized clinical trial 
to a real-life setting, we confirmed the efficacy of lenva-
tinib showing high median OS in patients like in the reg-
istration study [12]. Overall, 70% of patients were still 
alive at 1 year. Several studies in real life have previously 
confirmed the results of the REFLECT trial [20, 21], but 
the strength of our data is in the very high number and 
geography heterogeneity of the patients enrolled. Fur-
thermore, lenvatinib confirmed the impressively high re-

Grade 0, n (%) Grade 1, n (%) Grade 2, n (%) Grade 3–4, n (%)

HFSR 1,023 (79.4) 146 (9.6) 127 (8.4) 29 (2.6)
Diarrhea 1,056 (75.2) 142 (12.0) 99 (10.7) 28 (2.0)
Hypertension 905 (63.0) 108 (8.3) 232 (21.0) 80 (7.8)
Fatigue 895 (61.6) 185 (15.2) 180 (15.8) 65 (7.4)
Decreased appetite 903 (65.5) 174 (13.9) 179 (15.5) 69 (5.1)
Proteinuria 1,001 (75.2) 126 (9.6) 101 (6.9) 97 (8.3)
Hypothyroidism 946 (67.0) 124 (11.2) 243 (20.8) 12 (1.0)
Other 715 (52.3) 400 (29.7) 110 (10.2) 100 (7.8)

HFSR, hand-foot skin reaction.

Table 3. Treatment-emergent AEs
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sponse and disease control rates (about 40% and 80%, 
respectively). This high response rate has a dramatic im-
pact on our daily clinical choices. The consequential 
movement from “old” tyrosine kinase inhibitors with low 
response to “new” tyrosine kinase inhibitors with high 

response opened a new scenario in which physicians are 
probably more inclined to switch very early from locore-
gional therapy to systemic therapy. In fact, in a previous 
study from our research group, performing an inverse 
probability of treating weighting analysis, the most im-

Univariate analysis Multivariate analysis

Decreased appetite
No 1

0.0193
Yes 1.24 (1.03–1.49)

Decreased appetite
Grade <2 1

0.0004 0.0072
Grade ≥2 1.49 (1.19–1.87) 1.74 (1.55–2.14)

Diarrhea
No 1

0.0196
1

0.9597
Yes 0.78 (0.64–0.96) 0.99 (0.63–1.55)

Diarrhea
Grade <2 1

0.0152
Grade ≥2 0.72 (0.55–0.94)

Fatigue
No 1

0.1749
Yes 0.88 (0.74–1.06)

Fatigue
Grade <2 1

0.8554
Grade ≥2 0.98 (0.79–1.21)

HFSR
No 1

0.0007 0.6612
Yes 0.72 (0.60–0.87) 0.93 (0.67–1.28)

HFSR
Grade <2 1

0.0141
Grade ≥2 0.74 (0.58–0.94)

Hypertension
No 1

0.0014
Yes 0.75 (0.62–0.89)

Hypertension
Grade <2 1

0.0001 0.2159
Grade ≥2 0.69 (0.56–0.83) 0.89 (0.77–1.35)

Hypothyroidism
No 1

<0.0001
Yes 0.68 (0.57–0.81)

Hypothyroidism
Grade <2 1

0.0135 0.2159
Grade ≥2 0.77 (0.63–0.95) 0.89 (0.77–1.35)

Proteinuria
No 1

0.0001 0.7897
Yes 0.68 (0.57–0.83) 0.95 (0.67–1.34)

Proteinuria
Grade <2 1

0.0044
Grade ≥2 0.72 (0.57–0.90)

Other toxicity
No 1

0.1266
Yes 1.14 (0.96–1.35)

Other toxicity
Grade <2 1

0.8938
Grade ≥2 0.98 (0.79–1.23)

Table 4. Univariate and multivariate 
analysis for treatment-emergent AEs
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portant survival benefit from lenvatinib compared to 
sorafenib was shown in the same subgroup of patients 
[20], which is consistent with the results from the analysis 
of Shigeo and collaborators [21] and Kudo et al. [22].

Concerning the prognostic factors, our study con-
firmed our previously paper that highlighted the better 
OS of patients with NAFLD/NASH-related HCC. It 
seems worth highlighting that these patients had an OS of 
21.2 months, which is an impressive result in this setting. 
While these data do not derive from a randomized clini-
cal trial with appropriate stratification, they could have a 
crucial value considering the lack of biomarkers to strat-
ify patients more likely to respond to treatment in ad-
vanced HCC. The better response of patients with no vi-
ral-related HCC to lenvatinib should also be put in the 
context of recent evidence underscoring the efficacy of 
immunotherapy in patients with NASH [17]. As previ-
ously mentioned, this meta-analysis was performed on 
published data and included nonhomogeneous trials, run 
in first- and second-line settings, with single agents and a 
combination, the nonviral etiology included both alcohol 
and NASH, and not only NASH; therefore, the results can 
be considered only hypothesis generating.

We also found that AST, NLR, and hepatitis B infection 
have a strong correlation with the disease outcome. Corre-
lation between AST and prognosis could be explained as a 
higher aggressive tumor caused by high tumor cell turnover 
and tissue damage [23]. Moreover, the correlation between 
hepatitis B and worsening prognosis is well known. While 
in this study, we have not compared lenvatinib with 
sorafenib, our previous experience highlighted the greater 
efficacy of lenvatinib in this subcategory of patients. In par-
ticular, our network meta-analysis showed that lenvatinib 
could be preferable for HBV-positive patients in 59% of cas-
es compared to only 1% of patients treated with sorafenib 
[24]. Is it important to underline that patients with hepatitis 
B demonstrated an OS of 13.7 months in our analysis, 
which is higher than the OS obtained by sorafenib in previ-
ous real-life studies [25, 26]. Finally, several previous stud-
ies proved the NLR in advanced settings has been shown in 
several previous studies [27–29].

Concerning the safety profile, our study confirmed the 
good tolerability of lenvatinib, and our results were in line 
with other papers of real life. We confirmed that hyper-
tension, fatigue, and proteinuria were the main toxicities 
when we treated the patients with lenvatinib.

We confirmed our previous study on the negative im-
pact in terms of OS of patients experiencing a decrease in 
appetite during treatment [30]. Thus, early recognition of 
nutritional alteration and muscle wasting is crucial, given 

the possible negative impact of toxicity management on 
survival in HCC patients [30]. This is also confirmed by 
the fact that the occurrence of appetite loss is often asso-
ciated with lenvatinib discontinuation [31, 32]. Con-
versely, we did not confirm the positive impact of arterial 
hypertension in multivariate analysis [33].

The current literature hardly provides data about post-
progression treatment, and clinical outcomes are avail-
able. Our large cohort of patients has allowed us to ana-
lyze this aspect, allowing us to highlight three important 
points. First, the impressive results of the lenvatinib-im-
munotherapy sequence. Second, the high median OS 
with ramucirumab and third, the lack of efficacy of rego-
rafenib after lenvatinib.

The demonstration of a median OS of 47 months from 
the sequence lenvatinib and immunotherapy in advanced 
stage could open a new prospective for future studies. 
These results have several limitations, therefore, the re-
sults can be considered only hypothesis generating.

Emerging preclinical and clinical evidence supports 
the concept that lenvatinib can engage the immune sys-
tem to act beyond tumor cells, possibly providing lasting 
benefits to cancer patients via enhanced and long-term 
immunosurveillance [34]. In addition, immune inhibi-
tory molecules were downregulated in tumors after treat-
ment with lenvatinib [35]. In mouse tumor models, len-
vatinib decreased tumor-associated macrophages, in-
creased activated cytotoxic T cells, and demonstrated 
greater antitumor activity in combination with an anti-
PD-1 monoclonal antibody compared to either treatment 
alone [36]. Waiting for the data of the ongoing phase 3 
LEAP-002 trial, which compares the association of pem-
brolizumab plus lenvatinib versus lenvatinib in first line, 
our data suggest that lenvatinib may contribute in gener-
ating a microenvironment more susceptible to immuno-
therapy. In the future, studies should be focused on the 
best strategy of the combination agents (concomitant vs. 
sequentially). The results of the sequence lenvatinib and 
ramucirumab were unexpected. In the literature, small 
case series of patients were published without encourag-
ing data [37–39]. All patients treated with ramucirumab 
had AFP > 400, nevertheless in second line have had a 
higher OS over TACE and sorafenib. Data derived from 
our study suggested a moderate benefit from TACE after 
lenvatinib; from the beginning of lenvatinib, the OS was 
high (24.7 months), but from the data of TACE, it was 
very low (only 8.7 months). Two reasons might contrib-
ute to this finding: first, patients harbored a TACE-insen-
sitive tumor and second, the high possibility of liver fail-
ure after locoregional therapy is highly pretreated in pa-
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tients. These two points are linked, since several studies 
demonstrated no efficacy from continuing TACE after 
TACE refractoriness. Our data suggest that the sequence 
of lenvatinib-TACE at the progression is not an effective 
strategy even if patients remain in stage BCLC-B after len-
vatinib treatment [15, 21, 40]. In clinical practice, 
sorafenib is the drug more frequently prescribed after len-
vatinib. This is derived mostly from rules posed by regu-
latory agency and not from clinical studies. Our study 
suggests a moderate activity from the sequence lenvatinib 
and sorafenib, which is consistent with previous research 
[41–43]. Finally, regorafenib use after lenvatinib treat-
ment showed no efficacy.

Our work presents some limitations, mainly due to its 
retrospective nature, which implicates collection of stud-
ies with different basal designs and endpoints, as well as 
the lack of data due to the retrospective collection in a 
clinical-practice setting. In the attempt to reduce such as-
pects, cases from our sample were consecutively selected 
thus reducing potential bias, and three statistical models 
were constructed to test all the variables in a multivariate 
model without incurring in the bias of multicollinearity. 
Furthermore, we must take into account the limitation of 
the definition of NAFLD and/or NASH, as the allocation 
of a patient to the NAFLD or NASH group could be com-
plicated by the existence of different definitions in the 
literature. However, to reduce this bias, we have consid-
ered the definition from the European Association for the 
Study of Liver guidelines. Due to the multicenter and 
multinational nature of the analysis, a centralized imag-
ing review was not possible, and the criteria for tumor 
assessments were based on each center’s internal proto-
col. On the other hand, our analysis presents important 
points of power, mainly recognized in the large sample 
size and in the multicenter eastern and western enroll-
ment of patients in a field-practice setting.

In conclusion, our study confirms in a large and glob-
al population of patients with advanced HCC, not candi-
dates for locoregional treatment the OS reported in the 
registration study and a high response rate with lenva-
tinib. Furthermore, the analysis of the prognostic factors 
highlighted the higher efficacy of lenvatinib in patients 
with NAFLD/NASH and lower efficacy in patients with 
high NLR, AST, and hepatitis B. In particular, the NAFLD/
NASH etiology which from recent data seems to correlate 
to scarce response to immunotherapy, also the data are in 
contrast in the different studies (e.g., STRIDE amr in HI-
MALAYA trial), should constitute a field of particular in-
terest for future studies. Finally, our results highlighted 
an impressive result of sequential use of lenvatinib and 

immunotherapy, and further studies should investigate 
sequence and combination treatment strategies, while fo-
cusing on the HCC cause.
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