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Abstract
Background: Lenvatinib is approved as the first-line treat-
ment for patients with advanced hepatocellular carcinoma 
(HCC). The efficacy of lenvatinib in Caucasian real-world pa-

tients is insufficiently defined. The purpose of this study was 
to evaluate the efficacy of lenvatinib in a multicenter cohort 
(ELEVATOR) from Germany and Austria. Methods: We con-
ducted a retrospective data analysis of 205 patients treated 
with first-line systemic lenvatinib at 14 different sites. Overall 
survival, progression-free survival, overall response rate, and 
adverse event rates were assessed and analyzed. Results: Pa-

Anna Saborowski and Arndt Vogel contributed equally.

This article is licensed under the Creative Commons Attribution 4.0 
International License (CC BY) (http://www.karger.com/Services/
OpenAccessLicense). Usage, derivative works and distribution are 
permitted provided that proper credit is given to the author and the 
original publisher.



Welland et al.Liver Cancer 2022;11:219–232220
DOI: 10.1159/000521746

tients receiving lenvatinib in the real-world setting reached a 
median overall survival (mOS) of 12.8 months, which was 
comparable to the results reported from the REFLECT study. 
mOS and median progression-free survival (mPFS) were su-
perior in those patients who met the inclusion criteria of the 
REFLECT study compared to patients who failed to meet the 
inclusion criteria (mOS 15.6 vs. 10.2 months, hazard ratio [HR] 
0.55, 95% confidence interval [95% CI]: 0.38–0.81, p = 0.002; 
mPFS 8.1 vs. 4.8 months, HR 0.65, 95% CI: 0.46–0.91, p = 
0.0015). For patients with an impaired liver function accord-
ing to the albumin-bilirubin (ALBI) grade or reduced ECOG 
performance status ≥2, survival was significantly shorter com-
pared to patients with sustained liver function (ALBI grade 1) 
and good performance status (ECOG performance status 0), 
respectively (HR 1.69, 95% CI: 1.07–2.66, p = 0.023; HR 2.25, 
95% CI: 1.19–4.23, p = 0.012). Additionally, macrovascular in-
vasion (HR 1.55, 95% CI: 1.02–2.37, p = 0.041) and an AFP ≥200 
ng/mL (HR 1.56, 95% CI: 1.03–2.34, p = 0.034) were confirmed 
as independent negative prognostic factors in our cohort of 
patients with advanced HCC. Conclusion: Overall, our data 
confirm the efficacy of lenvatinib and did not reveal new or 
unexpected side effects in a large retrospective Caucasian re-
al-world cohort, supporting the use of lenvatinib as a mean-
ingful alternative for patients that cannot be treated with IO-
based combinations in first-line HCC.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the third [1] most 
common cause of cancer death worldwide [2, 3], and its 
incidence is expected to rise. HCC often develops in the 
fibrotic or cirrhotic liver, and the frequently impaired liv-
er function not only contributes to high mortality but also 
severely limits treatment options across all stages of the 
disease.

For many years, the tyrosine kinase inhibitor sorafenib 
was the only effective systemic therapy available, but in re-
cent years, positive phase-III studies have been reported for 
the multityrosine kinase inhibitors lenvatinib, cabozan-
tinib, regorafenib, and the vascular endothelial growth fac-
tor (VEGF) receptor 2 antibody ramucirumab [4–7]. Len-
vatinib is an orally available multityrosine kinase inhibitor 
with multiple targets, including VEGFR 1–3, fibroblast 
growth factor receptor 1–4, platelet-derived growth factor 
receptor α, RET, and KIT. Based on the results of the ran-
domized, prospective phase-III REFLECT trial, lenvatinib 
was approved for the first-line treatment of advanced or 
unresectable HCC in Europe in August 2018. The RE-

FLECT trial demonstrated noninferiority of lenvatinib 
compared to sorafenib with a median overall survival 
(mOS) of 13.6 months for lenvatinib versus 12.3 months for 
sorafenib (HR 0.92, 95% CI: 0.79–1.06) [8]. In 2020, the 
combination of the programmed death ligand 1 antibody 
atezolizumab and bevacizumab, an antibody that targets 
VEGF A, was approved for the first-line treatment of unre-
sectable HCC based on the safety and efficacy findings from 
the phase-III IMbrave150 trial [9]. Two network meta-
analyses delineated the superior efficacy of the immune-
oncology (IO)-based combination over current tyrosine ki-
nase inhibitors and mono-immunotherapies, supporting 
the recently updated recommendations of national and in-
ternational guidelines that consider atezolizumab plus bev-
acizumab the standard of care for first-line therapy in un-
resectable HCC patients [10–12]. For lenvatinib, promising 
activity in several solid tumors including HCC has been 
demonstrated in combination with pembrolizumab, a con-
cept that is now further evaluated in ongoing trials in inter-
mediate-stage and advanced HCC [13].

Even as the treatment landscape for advanced HCC 
further evolves with IO-based combinations, TKIs such 
as lenvatinib will not only remain a relevant alternative 
for those patients that harbor contraindications to im-
munotherapies but are also an integral component of se-
quential treatment strategies. Currently, however, only 
sorafenib is approved independent of the line of therapy 
and is therefore the only drug that is reimbursed after 
lenvatinib or atezolizumab and bevacizumab by all health 
insurance companies. Reimbursement of regorafenib, 
cabozantinib, and ramucirumab officially warrants prior 
therapy with sorafenib, although several health insur-
ance companies in Germany and Austria have adopted 
the recommendations of current clinical practice guide-
lines and reimburse all approved HCC drugs also in sec-
ond line.

In clinical practice, systemic therapies are frequently ad-
ministered to patients, who do not exactly match the study 
population of the pivotal trials. The purpose of this study 
was to evaluate the efficacy and tolerability of lenvatinib as 
the first-line therapy in a real-world cohort of 205 patients 
(ELEVATOR cohort) with advanced HCC, many of whom 
did not meet the inclusion criteria of the REFLECT trial.

Methods

Population and Data Collection
Data from 205 patients with with histologic or image-based di-

agnosis of HCC that were started on first-line systemic therapy 
with lenvatinib between October 2017 and September 2020 were 
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Table 1. Baseline characteristics

Overall 
(n = 205)

REFLECT-in 
(n = 110)

REFLECT-out 
(n = 95)

Age, years
Mean 67.7 (SD 10.5) 68.9 (SD 10.6) 66.3 (SD 10.2)
Median 69 71 67

Sex
Male 167 (81.5) 87 (79.1) 80 (84.2)
Female 38 (18.5) 23 (20.9) 15 (15.8)

Weight
<60 kg 20 (9.7) 14 (12.7) 6 (6.4)
>60 kg 177 (86.3) 91 (82.7) 86 (90.5)
No data available 8 (4) 5 (4.6) 3 (3.1)

Vital status at last follow-up
Dead 110 (53.7) 53 (48.2) 57 (60.0)
Alive 76 (37.1) 46 (41.8) 30 (31.6)
Lost to follow-up 19 (9.2) 11 (10.0) 8 (8.4)

Follow-up time, months
Mean 10.7 12.2 8.4
Median 8.8 9.9 6.9

ECOG performance status at baseline
0 85 (41.5) 52 (47.3) 33 (34.7)
1 91 (44.4) 55 (50.0) 36 (37.9)
2 23 (11.2) 0 23 (24.3)
>2 0 0 0
No data available 6 (2.9) 3 (2.7) 3 (3.1)

BCLC status at baseline
BCLC A (early) 6 (2.9) 4 (3.6) 2 (2.1)
BCLC B (intermediate) 58 (28.3) 41 (37.3) 17 (17.9)
BCLC C (advanced) 141 (68.8) 65 (59.1) 76 (80.0)

Child-Pugh score at baseline
Child-Pugh A 160 (78.4) 110 (100) 50 (52.6)
Child-Pugh B 45 (21.6) 0 45 (47.4)
Child-Pugh C 0 0 0

ALBI grade at baseline
ALBI 1 70 (34.1) 51 (46.4) 19 (20.0)
ALBI 2 116 (56.6) 55 (50.0) 61 (64.2)
ALBI 3 19 (9.3) 4 (3.6) 15 (15.8)

Etiology
Alcohol related 52 (25.3) 26 (23.6) 26 (27.4)
Hepatitis B 26 (12.7) 12 (10.9) 14 (14.7)
Hepatitis C 32 (15.6) 18 (16.4) 14 (14.7)
Nonalcoholic steatohepatitis 42 (20.5) 23 (20.9) 19 (20.0)
Others 12 (5.9) 4 (3.6) 8 (8.5)
Unknown 41 (20.0) 27 (24.6) 14 (14.7)

Presence of portal vein thrombosis/extrahepatic spread
Main portal vein invasion 47 (22.9) 0 47 (49.5)
Extrahepatic spread 80 (39.0) 46 (41.8) 34 (35.8)
PVI, EHS, or both 112 (54.6)

AFP at baseline
AFP ≥200 ng/mL 87 (42.4) 38 (34.5) 49 (51.6)
AFP ≥400 ng/mL 75 (36.6) 31 (28.2) 44 (46.3)
Median AFP, ng/mL 58.8 16.6 349
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collected retrospectively from 14 centers in Germany and Austria. 
In agreement with a real-world dataset, no particular inclusion and 
exclusion criteria were defined except for absence of prior system-
ic HCC therapy. Specifically, in contrast to the REFLECT trial, 
patients with a Child-Pugh (CP) score >A and Eastern Cooperative 
Oncology Group (ECOG) performance status >1 by definition of 
Oken et al. [14], bile duct invasion, main portal vein invasion, and 
a tumor burden >50% were not excluded from the analysis.

Baseline characteristics, including age, gender, weight, underly-
ing liver disease, and tumor-specific characteristics such as date of 
diagnosis, tumor stage at diagnosis according to the Barcelona clin-
ical liver cancer (BCLC) classification, macrovascular and portal 
vein invasion, extrahepatic spread, and previous treatments, were 
assessed retrospectively. The starting dose of lenvatinib and dose 
interruptions during the course of treatment were documented. 
Adverse events (AEs) were graded according to the common ter-
minology criteria for adverse events version 5.0. Liver function was 
classified according to the CP score and graded according to the 
albumin-bilirubin (ALBI) score at start and end of treatment. 
Treatment response was evaluated by the best radiological response 
under treatment by computed tomography or magnetic resonance 
imaging. Response was categorized as complete and partial re-
sponse (CR and PR), stable disease (SD), and progressive disease 
(PD) by local review according to Response Evaluation Criteria in 
Solid Tumors (RECIST) 1.1. Disease control rate (DCR) was de-
fined as the proportion of patients achieving a CR/PR or SD as the 
best radiological response. In addition to radiological response, al-
pha-fetoprotein (AFP) values at baseline and the AFP nadir during 
the course of treatment were documented. Apart from tumor pro-
gression, other reasons for treatment discontinuation such as liver 
function deterioration and other AEs were analyzed.

Patients were followed until death or data cutoff (February 28, 
2021). Patients that were alive but with the last documented visit 
more than 6 months before data cutoff were considered lost to 
follow-up.

Statistical Analysis
Statistical analysis was performed with IBM SPSS statistics ver-

sion 25 (SPSS Inc., Chicago, IL, USA). Baseline characteristics were 
described as numbers, percentages, and median with ranges. Over-
all survival (OS) was defined by the date of treatment start until the 
day of death or the follow-up deadline mentioned above, respec-
tively. The time between lenvatinib start and date of first radio-
logic proven PD was used for progression-free survival (PFS). Me-
dian OS and PFS was calculated by the Kaplan-Meier method. χ2 
and log-rank tests were used to analyze differences in OS and PFS. 
Relative risks were expressed as hazard ratio (HR) with a 95% con-
fidence interval (95% CI). For identification of independent risk 
factors, a multivariate analysis using the Cox proportional hazard 
model with stepwise backwards elimination was used. For all anal-
yses, a significance level of p < 0.05 was considered significant. The 
degree of correlation between categorical and not normal-distrib-
uted steady variants was calculated by the Spearman-Rho test for 
categorical and steady variables while the Phi coefficient was used 
for the correlation test of nominal variables.

Results

Patient Characteristics
A total of 205 patients, 198 Caucasian and 7 non-Cau-

casian, from 14 sites who received lenvatinib as systemic 
first-line treatment were included in the analysis of the 
ELEVATOR real-world cohort. During the median fol-
low-up time of 8.8 months (mean 10.4 months, 0.63–36.4 
months), 110 patients died (53.7%). Seventy-six patients 
were alive at the time of the last survey, of whom 24 con-
tinued to receive lenvatinib. Nineteen cases were lost to 
follow-up. The median age at treatment initiation was 69 

Overall 
(n = 205)

REFLECT-in 
(n = 110)

REFLECT-out 
(n = 95)

Previous treatment
Any previous anticancer procedure 148 (72.2) 88 (80.0) 60 (63.2)

Resection 53 (25.8) 37 (33.6) 16 (16.8)
Transplantation 4 (1.9) 4 (3.6) 0
Radiation 6 (2.9) 3 (2.7) 3 (3.1)
Ablation 46 (22.4) 29 (26.4) 17 (17.9)
SIRT 31 (15) 21 (19.1) 10 (10.5)
TACE 87 (42.4) 46 (41.8) 41 (43.2)

No previous treatment 57 (27.8) 22 (20) 35 (36.8)
Lenvatinib dose at baseline

Standard dose at baseline 89 (43.4) 52 (47.3) 37 (38.9)
Reduced dose at baseline 114 (55.6) 56 (50.9) 58 (61.1)
No data available 2 (1.0) 2 (1.8) 0

Baseline characteristics of patients that meet (REFLECT-in) or do not meet the inclusion criteria of the REFLECT 
trial (REFLECT-out).

Table 1 (continued)
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years, and 81.5% of the patients were male. The majority 
of the patients had ECOG performance status of 0 or 1. 
Most patients had a preserved hepatic function as as-
sessed by CP score and ALBI grade: 78.4% of patients 
were classified as CP A and the remaining 21.6% as CP B. 
In respect to the ALBI score, ALBI grade 2 (56.6%) was 
most prominent, followed by ALBI grade 1 (34.1%) and 
3 (9.3%) (Table 1). In the CP A cohort, 43.75% fell into 
the ALBI grade 1 category and 56.25% were classified as 
ALBI grade 2.

In 68.8% of cases, treatment was initiated at advanced 
stage. Portal vein invasion was present in 22.9%, and ex-
trahepatic spread was evident in 39% of cases. The me-
dian AFP value was 58.80 ng/mL (mean 13,333.53 ng/
mL), while 42.4% of patients presented with an AFP value 
≥200 ng/mL at baseline and in 36.6% ≥ 400 ng/mL (Ta-
ble 1).

According to the inclusion criteria, none of the pa-
tients had received prior systemic HCC treatment, but 
148 patients had undergone various anticancer proce-
dures. Overall, only 27.8% of patients were treatment na-
ïve, and systemic therapy was initiated as first tumor 
treatment (Table 1).

In order to assess the impact of the REFLECT inclu-
sion and exclusion criteria on safety and efficacy of len-

vatinib, the cohort was split into the REFLECT-in (n = 
110) and the REFLECT-out (n = 95) subgroups. Accord-
ing to the REFLECT inclusion criteria, patients with CP 
A and an ECOG performance status of 1 or better were 
considered “REFLECT-in,” whereas all patients who did 
not meet the criteria of the pivotal trial, for instance pa-
tients with invasion of the main portal vein, were regard-
ed as REFLECT-out.

Baseline characteristics of patients in the REFLECT-in 
and -out subgroup were similar with respect to age, gen-
der distribution, and weight. According to the exclusion 
criteria of the REFLECT trial, liver function at baseline 
was worse in the REFLECT-out compared to the RE-
FLECT-in subgroup. In addition to the impaired liver 
function, patients in the REFLECT-out subgroup suf-
fered from more advanced disease at the time of lenva-
tinib initiation and had higher AFP levels. Of note, a low-
er proportion of the REFLECT-out group had received 
prior local treatments compared to the REFLECT-in pop-
ulation (Table 1).

A total of 114 patients (55.6%) in the ELEVATOR co-
hort received lenvatinib at a starting dose that was lower 
than the body weight-adapted recommendation, and 
only 89 patients (43.3%) received the recommended dose 
at the time of treatment initiation (Table 1). Discontinu-

Table 2. Treatment characteristics of patients allocated to the REFLECT-in and REFLECT-out subgroups at baseline

Overall (n = 205) REFLECT-in (n = 110) REFLECT-out (n = 95)

Best response under lenvatinib treatment
Complete response 1 (0.4) 0 1 (1.1)
Partial response 47 (22.9) 28 (25.5) 19 (20.0)
Stable disease 69 (33.7) 44 (40.0) 25 (26.3)
Progressive disease 43 (20.9) 18 (16.4) 25 (26.3)

End of treatment before first imaging 38 (18.6) 16 (14.5) 22 (23.2)
No data available 7 (3.5) 4 (3.6) 3 (3.1)
Median overall survival, months 12.8 15.6 10.2
Median progression-free survival, months 6.4 8.1 4.8
Disease control 117 (57.1) 71 (64.5) 46 (48.4)
Overall response 48 (23.4) 28 (25.5) 20 (21.1)
AFP reduction >20% under treatment 57 (27.8) 24 (21.8) 33 (34.7)
Reason for end of treatment

Progression 93 (45.5) 51 (46.4) 42 (44.1)
Adverse events 75 (36.5) 36 (32.7) 39 (41.0)

Liver function deterioration 30 (14.6) 10 (9.1) 20 (21.0)
Other adverse events 45 (21.9) 26 (23.6) 19 (20.0)

Patient choice 3 (1.4) 2 (1.8) 1 (1.1)
Others 4 (2) 2 (1.8) 2 (2.2)
No data available 6 (2.9) 4 (3.6) 2 (2.2)
Treatment ongoing 24 (11.7) 15 (13.6) 9 (9.3)

Lenvatinib treatment characteristics, patients stratified according to REFLECT-in and REFLECT-out.
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ation of lenvatinib treatment was due to progression on 
therapy in 45.5%, whereas medication was discontinued 
in 36.5% of cases due to AEs, with deterioration of liver 
function in 14.6% of patients and other AEs causing dis-
continuation in 21.9% (Table 2). Average time on treat-
ment was 6.0 months (median 4.1 months).

Efficacy
mOS was 12.8 months (95% CI: 10.9–14.7, mean 17.1 

months) with a mPFS of 6.4 months (95% CI: 5.1–7.7, 
mean 9.5 months). The overall response rate was 23.4% 
and the DCR 57.1% (Table  2). Forty-three patients 
(20.9%) had PD as the best response in the first CT-scan. 
Lenvatinib treatment was discontinued due to AEs before 
the first staging in 38 cases (18.6%) with no information 
on tumor response (Table 2).

In the REFLECT-in subgroup, mOS was 15.6 months 
(95% CI: 10.7–20.5, mean 19.4 months) and thereby sig-
nificantly exceeded the mOS in the REFLECT-out sub-
group (mOS 10.2 months, 95% CI: 7.9–12.5, p = 0.002, 
mean 11.9 months) (Table  3; Fig.  1b). The mPFS with 
lenvatinib in the REFLECT-in cohort was 8.1 months, 
while the mPFS was 4.8 months in the REFLECT-out sub-
group (p = 0.011) (Table 2; Fig. 1a). ORR (25.5% vs. 21.1%, 
p = 0.729) and DCR (64.5% vs. 48.4%, p = 0.063) also 
tended to be higher in the REFLECT-in compared to the 
RELFECT-out patients, respectively. In respect to under-
lying liver disease, mOS was 12.8 months in patients with 
HBV, 13.2 months with HCV, 12.6 months with alcohol-
ic steatohepatitis, and 10.2 months with nonalcoholic ste-
atohepatitis.

Since a relevant number of patients in our cohort re-
ceived a lower lenvatinib dose at treatment start com-
pared to patients in the REFLECT study, we investigated 
to which extent the dose reduction affected treatment 
outcome. The mPFS of patients with upfront dose reduc-
tion was not significantly lower compared to standard 
dose lenvatinib patients (5.9 months [95% CI: 4.5–7.3 
months], mean 9.2 months vs. 6.7 months [95% CI: 4.8–
8.6], mean 9.1 months, p = 0.79). Furthermore, DCR and 
ORR were also similar (DCR: 59.6% vs. 53.9%, p = 0.207; 
ORR: 21.9% vs. 25.8%, p = 0.258) (online suppl. Table 1; 
for all online suppl. material, see www.karger.com/
doi/10.1159/000521746).

Next, treatment efficacy was evaluated according to 
baseline liver function. Patients with good liver function 
(ALBI grade 1) had a significantly longer mOS than pa-
tients with ALBI grade 2 or ALBI grade 3 liver function 
(ALBI grade 1: 19.9 months, ALBI grade 2: 11.2 months, 
and ALBI grade 3: 7.1 months, p = 0.001) (Table 4; Fig. 2b). 

ALBI grade 1 patients also outperformed ALBI grade 3 
patients in terms of PFS (8.6 months vs. 4.9 months, p = 
0.0015), but the PFS difference did not reach statistical 
significance when comparing ALBI grade 1 to ALBI grade 
2 (8.6 months vs. 5.9 months; p = 0.277) (Table 4; Fig. 2a). 
A higher response rate was observed in patients with bet-
ter liver function (ORR ALBI grade 1: 31.4% vs. ORR 
ALBI grade 2 and 3: 19.26%, p = 0.05) (Table 4).

In our cohort, OS was independent of age (HR 0.99, 
95% CI: 0.68–1.48, p = 0.979), gender (HR 0.99, 95% CI: 
0.59–1.65, p = 0.976), BCLC stage (HR 1.36, 95% CI: 0.88–
2.08, p = 0.161), extrahepatic spread (HR 1.06, 95% CI: 
0.72–1.55, p = 0.77), and underlying liver disease (viral 
hepatitis vs. other nonviral hepatitis; HR 0.8, 95% CI: 
0.51–1.24, p = 0.313) (Table 3). Patients with macrovas-
cular invasion had a significantly shorter mOS, whereas 
there was only a trend for a shorter survival of patients 
with invasion of the main portal vein (HR 1.52; 95% CI: 
0.97–2.38, p = 0.063) (Table 3).

Of 160 patients with radiologic staging, 48 (30%) pa-
tients were classified as responders and 112 (70%) were 
classified as nonresponders. Of the responders, 1 patient 
(2%) had a CR and 47 (98%) had a PR, while in nonre-
sponders, 69 (61.6%) patients experienced disease stabi-
lization and 43 (38.4%) PD. mOS of responders was sig-
nificantly longer compared to the nonresponders (23.9 
months vs. 10.2 months, HR 0.4, 95% CI: 0.23–0.68, p = 
<0.001) (Fig. 3; Tables 3, 4).

In addition to radiological evaluation, AFP levels of 
192 patients were monitored at baseline and during the 
treatment. A 20% reduction in AFP was considered as re-
sponse, resulting in an overall AFP response in 27.8% of 
the patients. In contrast to patients with a radiological 
response, there was only a trend for a better survival of 
AFP responders compared to nonresponders (14.5 
months vs. 12.7 months, HR 0.83, 95% CI: 0.54–1.28, p = 
0.391) (online suppl. Fig. 1a; Table 3). Additionally, AFP 
response correlated only weakly with radiologic response 
(r = 0.273, p = 0.003) (online suppl. Fig. 1b).

Impact of Local Therapy before and Systemic Therapy 
after Treatment with Lenvatinib
A total of 148 patients (72.2%) received local treatment 

before start of systemic therapy with lenvatinib (Table 1). 
The most frequent local therapy was TACE, and 87 pa-
tients (42.2%) had received at least 1 and up to 10 TACE 
treatments prior to lenvatinib (Table 1). The number of 
TACE treatments before start of lenvatinib had no effect 
on mPFS and mOS under systemic therapy (mPFS: 6.1 
months <3 TACE treatments vs. 6.9 months ≥3 TACE 
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treatments, p = 0.96; mOS: 11.4 months <3 TACE treat-
ments vs. 13.2 months ≥3 TACE treatment; p = 0.42) (on-
line suppl. Fig. 2a, b).

Of all 205 patients, 88 patients (42.93%) received sub-
sequent second-line systemic anticancer medication, 
with sorafenib being the most commonly administered 
second-line treatment (n = 56, 63.3%) followed by cabo-
zantinib (n = 11, 12.5%), ramucirumab (n = 9, 10.2%), 
and regorafenib (n = 2, 2.3%). Immunotherapy was given 

in 11 cases (12.5%) (pembrolizumab n = 4 [4.5%], 
nivolumab n = 2 [2.3%], atezolizumab/bevacizumab n = 
3 [3.4%], and nivolumab/ipilimumab n = 2 [2.3%]). Of 
note, the majority of patients included in ELEVATOR 
were treated prior to EMA approval of atezolizumab and 
bevacizumab as first-line systemic treatment for ad-
vanced HCC. Subsequent surgical or local-ablative pro-
cedures were performed in 9 patients (transplantation [n 
= 1], SIRT [n = 3], radiation [n = 3], and ablation [n = 2]) 

Table 3. Univariate analysis (p log-rank) of overall survival

N mOS Lower limit Upper limit HR 95% CI p value

Reflect-in 110 15.6 10.7 20.5 0.55 0.38–0.81 0.002
Reflect-out 95 10.2 7.9 12.5
Child-Pugh A 160 13.8 11.3 16.4 0.42 0.27–0.63 <0.001
Child-Pugh B 45 6.1 4.6 7.6
ALBI 1 70 19.9 10.2 29.7 0.001
ALBI 2 116 11.2 7.2 15.1 2.07 1.34–3.19 0.001 (1 vs. 2)
ALBI 3 19 7.1 6.1 8.0 2.80 1.43–5.52 0.003 (1 vs. 3)
Age <69 years 98 13.1 11.2 15.2 0.99 0.68–1.48 0.979
Age ≥69 years 107 10.7 7.6 13.8
Male 167 12.6 9.6 15.9 0.99 0.59–1.65 0.976
Female 38 12.3 10.2 14.4
ECOG 0 85 13.3 10.5 15.9
ECOG 1 91 12.5 8.9 16.1 1.13 0.75–1.70 0.563 (0 vs. 1)
ECOG 2 23 6.4 2.9 9.9 2.17 1.22–3.85 0.005 (0 vs. 2)
Etiology viral hepatitis 54 13.2 9.0 17.3 0.80 0.51–1.24 0.313
Etiology other than viral hepatitis 151 12.6 10.3 14.9
Previous treatment 148 12.7 7.1 18.4 0.73 0.48–1.10 0.126
No previous treatment (no medication and 
procedure)

57 12.7 10.2 15.2

Posttreatment anticancer medication 88 15.9 10.5 21.3 0.45 0.30–0.66 <0.001
No posttreatment anticancer medication 112 8.6 5.9 11.2
Macrovascular invasion 86 8.8 7.0 10.6 1.78 1.22–2.60 0.003
No macrovascular invasion 118 15.6 12.9 18.2
Invasion of main branch of portal vein 47 10.2 7.3 13.0 1.52 0.97–2.38 0.063
No invasion of main branch of portal vein 154 13.8 11.0 16.6
Extrahepatic spread 80 12.5 8.9 16.1 1.06 0.72–1.55 0.77
No extrahepatic spread 123 12.7 10.5 14.9
AFP ≥200 ng/mL 87 10.7 7.4 13.9 1.74 1.19–2.54 0.004
AFP <200 ng/mL 115 15.6 12.6 18.7
BCLC B 58 13.8 9.7 18.0 1.36 0.88–2.08 0.161
BCLC C 141 11.3 8.6 14.1
Reduced lenvatinib dose 114 10.4 7.8 13.1 1.36 0.93–1.99 0.111
Standard lenvatinib dose 89 13.8 11.1 16.5
Radiologic response 48 23.9 15.4 32.4 0.40 0.23–0.68 <0.001
No radiologic response 112 10.2 7.6 12.7
Radiologic disease control 117 17.8 4.7 9.2 0.24 0.15–0.38 <0.001
No radiologic disease control 43 7.0 13.7 21.9
AFP response 57 14.5 10.1 18.8 0.83 0.54–1.28 0.391
No AFP response 137 12.6 10.2 15.1

Univariate analysis (p log-rank) of overall survival in months. N, number of patients with available data; median overall survival with 
lower and upper 95% CI level and p value.
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(online suppl. Table 2). The mOS for patients receiving 
or not receiving subsequent anticancer medication was 
15.9 months versus 8.6 months (HR 0.45, 95% CI: 0.30–
0.66; p = <0.001) (Table 3; Fig. 4).

Safety and Liver Function
AEs were documented in 78.1% (n = 160) of patients 

treated with lenvatinib. No AEs were reported or docu-
mented in 21.9% (n = 45). Severe AEs (grade 3 or higher) 
were reported in 47.3% of cases. Dose reductions due to 
poor tolerability were required in 73 cases (35.6%) and 

Fig. 1. Kaplan-Meier analysis of progression-free survival (a) and overall survival (b) of REFLECT-in versus 
REFLECT-out patients.

Table 4. Treatment characteristics according to ALBI score at baseline

Overall (n = 205) ALBI 1 (n = 70) ALBI 2 (n = 116) ALBI 3 (n = 19)

Best response under lenvatinib treatment
Complete response 1 (0.4) 0 1 (0.9) 0
Partial response 47 (22.9) 22 (31.4) 21 (18.2) 4 (21.1)
Stable disease 69 (33.7) 27 (38.6) 36 (31.0) 6 (31.6)
Progressive disease 43 (20.9) 14 (20.0) 23 (19.8) 6 (31.6)

End of treatment before first imaging 38 (18.6) 3 (4.3) 33 (28.4) 2 (10.5)
No data available 7 (3.5) 4 (5.7) 2 (1.7) 1 (5.2)
Median overall survival, months 12.8 19.9 11.2 7.1
Median progression-free survival, months 6.4 8.6 5.9 4.9
Disease control 117 (57.1) 49 (70) 58 (50.0) 10 (52.5)
Overall response 48 (23.4) 22 (31.4) 22 (19.0) 4 (21.1)
AFP reduction >20% under treatment 57 (27.8) 22 (31.4) 31 (26.7) 4 (21.1)
Reason for end of treatment

Progression 93 (45.5) 39 (55.8) 43 (37.2) 11 (57.9)
Adverse events 75 (36.5) 16 (22.8) 52 (44.8) 7 (36.8)

Liver function deterioration 30 (14.6) 5 (7.1) 21 (18.1) 4 (21.0)
Other adverse events 45 (21.9) 11 (15.7) 31 (26.7) 3 (15.8)

Patient choice 3 (1.4) 1 (1.4) 2 (1.7) 0
Others 4 (2.0) 1 (1.4) 3 (2.6) 0
No data available 6 (2.9) 3 (4.2) 3 (2.6) 0
Treatment ongoing 24 (11.7) 11 (15.7) 12 (10.3) 1 (5.2)

Lenvatinib treatment characteristics according to ALBI score at baseline.
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treatment interruptions in 63 cases (30.7%). The most com-
mon documented AE was fatigue (n = 72, 35.1%), loss of 
appetite (n = 42, 20.5%), diarrhea (n = 38, 18.5%), and 
weight loss (n = 32, 15.6%). Hypertension was reported in 
18 cases (8.8%). With respect to liver-related side effects, 34 
patients (19.6%) developed ascites during treatment. Ad-
ditionally, de novo hepatic encephalopathy was document-
ed in 18 patients (8.8%) and classified as grade 3 or 4 in 8 

patients (3.9%). In 7 out of these 18 patients, ascites was 
evident at the start of therapy as a surrogate marker of por-
tal hypertension. An impaired liver function corresponding 
to an ALBI score of 2 or worse was evident in 80% of these 
cases (ALBI grade 2: 70%, ALBI grade 3: 10%). Frequency 
of total and severe AEs was comparable in patients with 
standard and reduced lenvatinib with a trend toward less 
events under standard dosing (online suppl. Table 3).

Fig. 2. Kaplan-Meier analysis of progression-free survival (a) and overall survival (b) according to liver function 
at baseline measured by the ALBI score.

Fig. 3. Kaplan-Meier analysis of progression-free survival (a) and overall survival (b) according to radiologic re-
sponse under lenvatinib treatment.
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To evaluate liver function during treatment with len-
vatinib, the ALBI score was calculated at start and end of 
treatment. In 160 patients with available data, liver func-
tion deteriorated in 87 patients (defined as an at least 
0.2-point increase in the score), while in 73 patients, liver 
function improved (n = 27, cutoff 0.2 points) or remained 
stable (n = 46) (online suppl. Fig. 3b). Overall, there was 
a trend toward a decline of liver function (ALBI grade 1: 
54 patients before start of lenvatinib vs. 34 patients at end 
of therapy, ALBI grade 2: 88 patients before start of len-
vatinib vs. 89 patients at end of therapy, ALBI grade 3: 18 
patients before start of lenvatinib vs. 37 patients at end of 
therapy) (online suppl. Fig. 3c). The same trend was ob-
served for the CP score from start to end of treatment (CP 
A 123 vs. 75 patients, CP B 37 vs. 73 patients, and CP C 0 
vs. 12 patients) (online suppl. Fig. 3a, 3d). Overall, the CP 

score increased by a median of 1 point (mean 1.006 
points), while the ALBI score worsened by a median of 
0.25 points (mean 0.23). However, patients with ALBI 
grade 2 or 3 at baseline more often discontinued therapy 
due to deterioration of liver function (ALBI grade 1: 7.1%; 
ALBI grade 2: 18.1%; ALBI grade 3: 21.0%) (Table  4). 
Similarly, the proportion of patients in whom therapy 
had to be discontinued due to impaired liver function was 
significantly higher in the REFLECT-out subgroup (9.1% 
REFLECT-in vs. 20.1% REFLECT-out) (Table 2). To de-
termine whether the decline of liver function could rath-
er be attributed to drug-related toxicity or an increase of 
tumor burden, the 30 patients with therapy discontinua-
tion due to deterioration of liver function were analyzed 
in further detail. Only two of these patients had a high 
tumor burden at therapy initiation (>50% intrahepatic 
tumor invasion), but they remained stable under lenva-
tinib therapy. In most patients (17/30), liver function de-
terioration occurred comparatively early (within the first 
60 days of treatment), and in patients in whom therapy 
was terminated due to functional deterioration at a later 
time point, only a single patient showed PD. Consequent-
ly, in the majority of patients, liver dysfunction was more 
likely caused by lenvatinib and not by a high tumor bur-
den or tumor progression.

Prognostic Markers for Overall Survival
Finally, we aimed to identify prognostic factors for pa-

tients undergoing first-line treatment with lenvatinib in 
the ELEVATOR cohort. We observed a significant cor-
relation of OS with the classification according to RE-
FLECT-in and -out (HR 0.55, 95% CI: 0.38–0.81, p = 
0.002), liver function according to ALBI score (ALBI 
grade 1 vs. ALBI grade 2 HR 2.07, 95% CI: 1.34–3.19, p = 
0.001; ALBI grade 1 vs. ALBI grade 3 HR 2.80, 95% CI: 
1.43–5.52, p = 0.003) and Child-Pugh score (HR 0.42, 

Table 5. Uni- and multivariate analysis of overall survival

N Univariate analysis Multivariate analysis

HR 95% CI Sig HR 95% CI Sig

ALBI1 versus ALBI2 186 2.07 1.34–3.19 <0.001 1.69 1.07–2.66 0.023
ALBI1 versus ALBI3 89 2.80 1.43–5.52 0.003 1.68 0.79–3.61 0.18
ECOG 0 versus ECOG 1 176 1.13 0.75–1.70 0.563 1.23 0.80–1.89 0.345
ECOG 0 versus ECOG 2 108 2.17 1.22–3.85 0.005 2.25 1.19–4.23 0.012
Macrovascular invasion 204 1.78 1.22–2.60 0.003 1.55 1.02–2.37 0.041
AFP ≥200 ng/mL 203 1.74 1.19–2.54 0.004 1.56 1.03–2.34 0.034

Uni- and multivariate analysis of overall survival with hazard ratio, corresponding 95% confidence interval and 
p value.

Fig. 4. Overall survival according to subsequent treatment.
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95% CI: 0.27–0.63, p = <0.001), ECOG performance sta-
tus ≥2 (ECOG 0 vs. ECOG 2 HR 2.17, 95% CI: 1.22–3.85, 
p = 0.005, ECOG 0 vs. ECOG 1 HR 1.13, 95% CI: 0.75–1.7, 
p = 0.563), presence of macrovascular invasion (absence 
vs. presence of macrovascular invasion, HR 1.78, 95% CI: 
1.22–2.60, p = 0.003), and AFP levels at start of therapy 
(AFP <200 ng/mL vs. AFP ≥200 ng/mL, HR 1.74, 95% CI: 
1.19–2.54, p = 0.004) (Table 3). In the multivariate Cox 
regression analysis, the presence of macrovascular inva-
sion (HR 1.55, 95% CI: 1.02–2.37, p = 0.041), ECOG per-
formance status 2 (HR 2.25, 95% CI: 1.19–4.23, p = 0.012), 
AFP ≥200 ng/mL (HR 1.56, 95% CI: 1.03–2.34, p = 0.034), 
and liver function according to ALBI (HR 1.69; 95% CI: 
1.07–2.66, p = 0.023) were identified as negative indepen-
dent prognostic biomarkers in our cohort (Table  5; 
Fig. 5).

Discussion

The ELEVATOR study evaluated the safety and effi-
cacy of lenvatinib as first-line systemic treatment in a re-
al-world multicenter cohort comprising 205 patients with 
advanced HCC. To the best of our knowledge, this is the 
largest real-world cohort in the first-line setting that in-
cludes mainly Caucasian HCC patients [15–18].

Our cohort differed in several baseline criteria charac-
teristics from the pivotal REFLECT trial population, and 
specifically included more patients with an impaired liver 
function and reduced ECOG performance status. While 
portal vein invasion served as an exclusion criterion in the 
REFLECT trial, these patients made up 22.9% of our real-
world cohort. Moreover, in the REFLECT study, the ma-
jority (67%) of the patients was recruited in Asia, and 73% 
of cases were related to viral hepatitis. In contrast, in our 
predominantly Caucasian cohort, the spectrum of under-
lying liver disease was more equally distributed between 

viral hepatitis (28.3%), alcoholic hepatitis (25.3%) and 
nonalcoholic steatohepatitis (20.5%). Other baseline pa-
tient characteristics such as patient age, gender, and body 
weight in our cohort were similar to the REFLECT trial 
population. Further, the proportion of advanced stage 
HCC patients, according to BCLC classification, previous 
local therapies, and the proportion of patients with extra-
hepatic spread and an AFP ≥200 ng/mL were comparable 
between the two cohorts.

Notably, OS in the ELEVATOR cohort was only slight-
ly shorter than in the REFLECT cohort (REFLECT 13.6 
months vs. ELEVATOR 12.8 months), and, similarly, the 
mPFS of 6.4 months ranged slightly behind the PFS data 
of the REFLECT trial lenvatinib cohort (7.4 months). 
Considering that 46.3% of our population would have 
been excluded from the REFLECT trial, we specifically 
assessed the survival of patients who would have fulfilled 
the inclusion criteria. As expected, mPFS and mOS in the 
REFLECT-in subgroup were significantly longer com-
pared to patients that did not meet the inclusion criteria 
of the prospective clinical trial. In line with this finding, 
multivariate Cox regression identified liver function, 
ECOG-PS, and macrovascular invasion as the strongest 
prognostic marker in our cohort. With respect to etiolo-
gy, we did not observe a significant difference in efficacy 
in patients with viral hepatitis compared to any other un-
derlying disease.

The post hoc analysis of the REFLECT trial provided 
compelling evidence that radiologic response is a surro-
gate marker for an improved OS. We also observed a 
strong correlation between radiological response and 
survival in our real-life cohort, and similar to the 
REFELCT trial, mOS was twice as long for responders 
compared to nonresponders [19]. Thus, our analysis fur-
ther supports the concept that radiologic response serves 
as an early indicator of a longer mOS [20, 21]. Notably, in 
our cohort, there was only a weak correlation between 

Fig. 5. Cox multivariate analysis of overall 
survival.
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radiologic and AFP response, but considering the retro-
spective nature of our study, we cannot exclude that this 
discrepancy might, in part, be attributed to the lack of a 
coordinated assessment of AFP levels and imaging.

We believe that our study especially provides added 
value in terms of the efficacy and outcome of lenvatinib 
treatment in patients with a more impaired liver function, 
which were excluded from the REFLECT study. A recent 
post hoc analysis of the phase-III data revealed that, in 
both the lenvatinib and the sorafenib arm, mOS was lon-
ger in patients with a baseline ALBI grade of 1, compared 
to those with ALBI grade 2 [22]. Additionally, there was 
a slight trend in the efficacy data, favoring lenvatinib over 
sorafenib in patients with an ALBI score of 1. Similarly, 
in our cohort, efficacy of lenvatinib as assessed by OS, 
PFS, and ORR was superior in ALBI grade 1 patients 
compared to patients with a more compromised liver 
function: mOS of patients with ALBI grade 1 liver func-
tion was 19.9 months, which was in a similar range as in 
the REFLECT population (17.4 months), and also the 
mOS for the ALBI grade 2 subgroup was comparable be-
tween both cohorts. Although the ELEVATOR cohort 
showed a slightly lower ORR for patients with ALBI 1 
liver function, there was a clear difference between ALBI 
grade 1 and ALBI grade 2 patients in both studies. These 
data are in line with the strong prognostic impact of liver 
function in HCC, which has been well documented in 
retrospective studies, as well as in recent post hoc analyses 
of the phase-III trials for sorafenib, cabozantinib, ramu-
cirumab, or regorafenib conducted in the first- and sec-
ond-line setting in advanced HCC [5, 6, 15, 23–26]. Over-
all, our data support the use of the ALBI grade, which is 
calculated exclusively on the basis of objectively deter-
mined laboratory parameters, as a preferred tool to evalu-
ate liver function and more precisely identify patients 
with only moderate impairment of liver function espe-
cially within the Child-Pugh A cohort [27].

The rate of documented AEs in our analysis was 78.1%, 
which is significantly lower compared to the REFLECT 
cohort with 98.7% [28]. However, due to the retrospective 
data collection, underreporting in the real-life setting has 
to be considered as a potential confounder of these re-
sults. In our cohort, the proportion of AEs and severe AEs 
in patients receiving the standard dosing regimen was 
similar to what was reported in patients who were started 
on lenvatinib at a reduced dose. Therefore, we currently 
do not have evidence that the lower rate of AEs can be at-
tributed to the reduced dose. Serious treatment-associat-
ed side effects, defined as grade 3 or higher, occurred in 
47.3%, which is comparable to the REFLECT trial (56.7%) 

[22]. Of note, in about one-third of cases in our cohort, 
AEs, including deterioration of liver function, accounted 
for therapy discontinuation. In the REFLECT-out sub-
group, this proportion was even higher with 45%. Similar 
to the REFLECT data, severe AEs grade >3 occurred more 
frequently in patients with more compromised liver func-
tion [22]. Overall, our data are in support of the post hoc 
analysis of the REFLECT trial and indicate that patients 
with a preserved liver function and an ECOG-PS ≤1 toler-
ate lenvatinib treatment better and are at lower risk of 
premature treatment discontinuation. However, in clini-
cal practice, a considerable proportion of patients with 
advanced HCC does not fulfill the inclusion criteria of a 
clinical trial, and in the real-world setting, it is not un-
common that lenvatinib treatment is initiated at a lower 
than recommended dose. Similar to the observations 
published for sorafenib, our data suggest that a reduced 
lenvatinib dosage may be a safe and a reasonable strategy 
for some patients with HCC [29].

Deterioration of liver function is a clinically relevant 
problem for HCC patients during the course of local and 
systemic treatments. In our cohort, several patients 
stopped treatment due to hepatic decompensation with 
either encephalopathy or ascites. Overall, liver function 
deteriorated in 54.4% (87/160) of evaluable patients. It 
should be noted that a decline of liver function can be 
multifactorial and may be related to the underlying liver 
disease, tumor progression, and/or side effects of therapy. 
Of note, baseline liver function did not correlate with the 
frequency or the severity of further deterioration (accord-
ing to the numeric increase of the ALBI score) during the 
course of therapy. However, within the CP A population, 
21.5% of the ALBI grade 1 patients and 39% of the ALBI 
grade 2 patients had transitioned to CP B at the time of 
treatment discontinuation. Similarly, patients with an 
ALBI grade 2/CP A at baseline were at higher risk to de-
teriorate to CP B cirrhosis in the REFLECT study. Al-
though CP B liver function may improve in a small frac-
tion of patients after termination of therapy, entering CP 
B stage decreases the likelihood to receive subsequent an-
ticancer treatment.

Recent analysis from the global phase-III studies in the 
first-line setting indicated that up to 50% of patients in 
clinical trials are amenable to second-line therapy in ad-
vanced HCC [28, 30]. Accordingly, in our real-world co-
hort, 43% of patients received subsequent systemic ther-
apy after lenvatinib, as recommended by international 
guidelines [31]. In line with the data from the REFLECT 
study, sorafenib was the drug that was most frequently 
used after lenvatinib in our analysis, and mOS was sig-
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nificantly longer for patients that were able to receive se-
quential therapy [32]. In addition, small real-world co-
horts suggest that the efficacy of lenvatinib is comparable 
in first and later lines of systemic therapy [33]. Currently, 
there is no standard second-line therapy established for 
patients that did not receive sorafenib in the first-line set-
ting, and especially after the recent EMA approval of at-
ezolizumab and bevacizumab, additional studies are re-
quired to delineate the optimal systemic treatment se-
quences in HCC. Real-world analyses will likely 
complement the evidence from phase-III studies in favor 
of second- and higher-line treatment in HCC [4–6] and 
will contribute to a better understanding of sequential 
treatments in HCC.

ELEVATOR was designed as a multicenter study, re-
cruiting patients from 14 sites in Germany and Austria. 
However, limitations include its retrospective nature and 
the lack of independent review of treatment responses by 
RECIST 1.1 and mRECIST. Additionally, radiological as-
sessment of treatment response according to the defined 
RECIST 1.1 criteria was not documented for all patients 
and was not performed at predefined time points. Addi-
tionally, we were not able to provide the exact dose inten-
sity for lenvatinib. Further, the subgroup analyses con-
tained a limited number of patients, and additional stud-
ies are needed to validate our findings.

In aggregate, our data confirm the efficacy of lenva-
tinib as first-line treatment and did not reveal new or un-
expected side effects in a large retrospective Caucasian 
real-world cohort. The analyses indicate that patients 
who do not meet the inclusion criteria of the REFLECT 
trial may benefit from lenvatinib therapy but could be at 
higher risk for side effects and deterioration to Child-
Pugh B cirrhosis. Therefore, close clinical and laboratory 
monitoring is advised. Our data support the use of lenva-
tinib as first line systemic therapy for HCC patients that 
cannot be treated with IO-based combinations.
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