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Background: Given the significant advancements in the management of hepatocellular carcinoma (HCC)
and the emergence of novel treatment approaches, establishing reliable predictors has become crucial for
optimizing patient selection and therapeutic sequencing in HCC. In this study, we aimed to investigate the
prognostic factors and treatment efficacy associated with lenvatinib-based therapy.

Methods: We retrospectively enrolled 53 patients receiving lenvatinib monotherapy, and 19 patients
receiving lenvatinib plus immune checkpoint inhibitor combination therapy as their first-line systemic
treatment for unresectable HCC at a single medical center. We employed univariate and multivariate Cox
regression analyses to ascertain the factors influencing survival in these cohorts.

Results: For lenvatinib monotherapy and the combination therapy, the objective response rates were
30.2% and 63.2%, respectively (P=0.03); the median progression-free survival (PFS) durations were
7 months [95% confidence interval (CI): 4.5-9.5] and 12 months (95% CI: 6.4-17.6), respectively (P=0.74);
and the median overall survival (OS) was not reached in either group (P=0.93). Although patients receiving
the combination therapy had a greater treatment response, no significant survival differences were observed
between the lenvatinib monotherapy and combination therapy subgroups, even after inverse probability of
treatment weighting (IPTW). Patients who received lenvatinib monotherapy could be stratified based on
a combination of albumin-bilirubin (ALBI) grade (either grade 1 or 2a) and a neutrophil-lymphocyte ratio
(NLR) of <5.8. Compared to the other subgroups combined, those who met both of these criteria exhibited
PFS with a hazard ratio (HR) of 0.382 (95% CI: 0.168-0.871; P=0.02), corresponding to 11 and 5 months,
respectively; and an OS (HR: 0.198, 95% CI: 0.043-0.920; P=0.04) of not reached versus 12 months,
respectively, according to multivariate Cox regression analysis.

Conclusions: In our study cohort, there were no statistically significant differences observed in the
survival rates between patients treated with lenvatinib monotherapy and those treated with a combination of
lenvatinib and immunotherapy. The incorporation of ALBI grade and NLR facilitates the stratification of

survival outcomes in patients with unresectable HCC undergoing lenvatinib monotherapy.
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Introduction

Hepatocellular carcinoma (HCC) ranks prominently
among the primary causes of cancer-associated mortality
(1,2). Lenvatinib is a multikinase inhibitor that has received
approval for use as a first-line treatment for advanced
HCC. The efficacy of lenvatinib has been demonstrated in
the phase 3 REFLECT trial (3). The mechanism of action
of the drug involves blocking the activity of enzymes and
growth factor receptors involved in cancer growth and
progression (4). Recent guidelines suggest using lenvatinib
as alternative first-line treatment of advanced HCC
(5,6). Certain patients, such as those who cannot receive
combination therapy with atezolizumab and bevacizumab,
may benefit from first-line treatment with lenvatinib.
However, the effectiveness of lenvatinib has not been
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Key findings

¢ The combination of albumin-bilirubin (ALBI) grade and
neutrophil-lymphocyte ratio (NLR) predicts outcomes of first-
line lenvatinib monotherapy in patients with unresectable
hepatocellular carcinoma (HCC).

What is known and what is new?

* The correlation between ALBI grade and survival outcomes
in patients with HCC treated with tyrosine kinase inhibitors
(TKIs) has been well-studied, demonstrating a significant
inverse relationship. Similarly, multiple studies have explored the
connection between NLR and survival outcomes in patients with
HCC treated with lenvatinib.

* This study represents the initial application of empirical data to
evaluate the prognostic efficacy of combining the ALBI grade and
NLR in the primary systemic treatment of unresectable HCC
using lenvatinib monotherapy.

What are the implications, and what should change now?

® The research highlights the significant potential of lenvatinib
in clinical settings, based on the identified prognostic factors of
combining the ALBI grade and NLR. Further studies are needed
to fully understand the relationship between lenvatinib and these

factors, thereby enhancing its use in patient care.
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directly compared with that of combination of atezolizumab
and bevacizumab.

Reliable prognostic markers are essential for effectively
administering novel therapeutic agents. Biomarkers are
crucial for enhancing patient categorization and optimizing
the sequence of therapeutic interventions. One of the most
important prognostic markers in HCC is the albumin-
bilirubin (ALBI) grade (7,8). The ALBI grade is used to
assess liver function in patients with HCC. The ALBI grade
is determined on the basis of serum albumin and bilirubin
concentrations. The relationship between the ALBI grade
and survival outcomes in patients with HCC who have been
treated with tyrosine kinase inhibitors (TKIs) has been
extensively examined in multiple studies (9-13). The ALBI
grade demonstrated a significant inverse correlation with
both overall survival (OS) and progression-free survival
(PFS). The neutrophil-lymphocyte ratio (NLR) serves
as an indicator of systemic inflammation. Studies have
demonstrated its efficacy in predicting outcomes among
HCC patients undergoing treatment with TKIs (14-17).
Numerous studies have explored the correlation between
NLR and survival outcomes in patients with HCC who
underwent treatment with lenvatinib. A retrospective
analysis involving 237 HCC patients treated with lenvatinib
demonstrated a significant association between elevated
pretreatment NLR levels and decreased OS and PFS
outcomes (15). The results of a retrospective analysis
involving 1,325 patients with HCC who were treated with
lenvatinib indicated a correlation between a reduction in
the NLR during the course of treatment and an extended
OS (17). The results indicate that NLR serves as a potential
prognostic indicator for patients with HCC undergoing
lenvatinib treatment. Whether the ALBI grade and NLR
can be combined to effectively predict the outcomes of
lenvatinib therapy is unclear (18). Lenvatinib may be an
effective therapeutic agent in HCC. Prognostic markers
are essential for effectively administering lenvatinib and
for optimizing patient selection and risk stratification.
Therefore, our primary aim was to investigate these
prognostic factors associated with lenvatinib monotherapy.
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In the phase 3 LEAP-002 trial, patients with unresectable
HCC received lenvatinib combined with immune
checkpoint inhibitor (ICI) as first-line treatment; however,
the co-primary endpoints were not met (19-22). The
present retrospective study also compared the efficacy of
lenvatinib monotherapy with that of lenvatinib plus ICI
combination therapy in patients with unresectable HCC in
a real-world setting. We present this article in accordance
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-24-351/rc).

Methods
Patient recruitment and definitions

Patients were retrospectively recruited from a tertiary
medical care center in Taiwan. Between June 2019 and
September 2022, a total of 72 patients with unresectable
HCC received lenvatinib-based therapy as their first-
line systemic treatment and were subsequently included
in this study. Lenvatinib-based therapy was lenvatinib
monotherapy (n=53) or lenvatinib plus ICI combination
therapy (n=19). Patients weighing 60 kg or more were
administered 12 mg/day, while those weighing less
than 60 kg were given 8 mg/day, in accordance with the
recommendations of the REFLECT trial. Most of
the patients in this cohort were eligible for Taiwan
National Health Insurance, which covered lenvatinib,
but not ICIs, which were nivolumab (standard dose:
1-3 mg/kg Q2W) and pembrolizumab (standard dose:
200 mg Q3W). Patients who opted to receive ICIs had to
pay out of pocket. Therefore, the prescribed dosages of
ICIs varied based on each patient’s financial ability. Both
baseline and during-treatment clinical characteristics were
evaluated and recorded. These characteristics included age,
sex, Child-Pugh classification, the Barcelona Clinic Liver
Cancer (BCLC) staging and Eastern Cooperative Oncology
Group (ECOG) performance status. Additionally, pertinent
laboratory data were collected, which encompassed aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
total bilirubin, albumin and alpha-fetoprotein. The platelet
count and international normalized ratio INR) were also
assessed. To evaluate the response to treatment, patients
were subjected to contrast-enhanced dynamic computed
tomography (CT) scans or magnetic resonance imaging
(MRI) at intervals of every 2 to 3 months. The response
of the tumor to therapy based on lenvatinib was assessed
utilizing the modified Response Evaluation Criteria in Solid
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Tumors (mRECIST) (23). Fibrosis-4, ALBI scores, and
NLR were calculated according to the following formulas:
fibrosis-4 = [age (years) x AST concentration (U/L)]/[platelet
count (10’/L) x VALT concentration (U/L)] (24) and ALBI
score = [Log,, bilirubin concentration (pumol/L) x 0.66] +
[albumin concentration (g/L) x -0.085] (7). The ALBI
grades can be delineated as follows: Grade 1 corresponds
to an ALBI score of <-2.60; Grade 2 falls within the
range of >-2.60 to <-1.39; and Grade 3 is characterized
by scores >-1.39 (7). NLR = neutrophil count (/pL)/
lymphocyte count (/pL) (25). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). In this study, the need for patient informed consent
was exempted due to the encryption of patient identification
numbers, ensuring the safeguarding of their privacy. The
Research Ethics Committee of China Medical University
Hospital granted approval for this investigation (Reference:
CMUHI110-REC3-027).

Statistical analysis

In the analysis, categorical data were examined using
Fisher’s exact test where appropriate. Continuous data,
presented as medians with interquartile ranges, underwent
a normality assessment using the Kolmogorov-Smirnov
test. The Mann-Whitney U test was employed for those
datasets that deviated from normality. To ascertain the
optimal cutoff values for continuous variables, receiver
operating characteristic curves were analyzed, focusing on
both the area under the curve and the Youden index. OS
and PFS were gauged using Kaplan-Meier curves. The log-
rank test facilitated the comparison of groups in univariate
analysis. For the identification of survival predictors,
hazard ratios (HRs) were derived from both univariate and
multivariate Cox regression models. Similarly, odds ratios
(ORs) were determined for treatment response predictors
using both univariate and multivariate logistic regression
analyses. A multivariate analysis was conducted stepwise,
incorporating variables that demonstrated P values of 0.20
or less in the univariate analysis (26). Treatment response
and survival outcomes (PFS and OS) in the two patient
cohorts (lenvatinib monotherapy and lenvatinib plus ICI
combination therapy) were analyzed before and after inverse
probability of treatment weighting (IPTW). The statistical
analyses for this study were conducted utilizing SPSS
version 26.0 (IBM, Armonk, NY, USA) and R software
version 4.2.2, sourced from the Comprehensive R Archive
Network (http://cran.us.r-project.org). Additionally, the
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EZR graphical user interface, developed by Y. Kanda
at Saitama Medical Center, Jichi Medical University,
Saitama, Japan, was employed. A P value of less than 0.05
was deemed statistically significant. Furthermore, 95%
confidence intervals (CIs) were derived for the results.

Results
Baseline characteristics

A total of 72 patients with unresectable HCC received
lenvatinib monotherapy (n=53) or lenvatinib plus ICI
combination therapy (n=19) as their first-line regimen of
systemic therapy. In the studied cohort, the median age
was 64 years with an interquartile range of 16 years. Out of
the total, 57 participants (79.2%) were male. A significant
majority, 69 participants (95.8%), were classified under the
Child-Pugh class A. Additionally, 47 of the participants
(65.3%) fell under the BCLC stage C classification, and
56 participants (77.8%) met the REFLECT criteria
(Table 1). The ICIs were pembrolizumab (n=18) or
nivolumab (n=1). In total, 17 patients (23.6%) died
during follow-up. The median follow-up period was
15 months. Patients receiving lenvatinib monotherapy were
less likely to have extrahepatic metastasis and had lower
alpha-fetoprotein and higher NLRs than those receiving
lenvatinib plus ICI combination therapy (7able 1).

PFS and overall survival after lenvatinib-based therapy

In the study, the median PFS was observed to be 8 months
with a 95% CI ranging from 5.4 to 10.6 months. The
median OS was not reached as depicted in Figure 1. A
comparison of treatment modalities revealed that patients
undergoing the combination therapy demonstrated an
extended PFS with a median of 12 months (95% CI:
6.4-17.6 months). This is in contrast to the patients who
were administered lenvatinib as a monotherapy, where the
median PFS was 7 months (95% CI: 4.5-9.5 months) as
shown in Figure 24. The log-rank test, however, indicated
no statistical significance (P=0.74). Furthermore, the
median OS was not reached in both treatment groups, and
there was no notable variance in OS between the cohorts as
illustrated in Figure 2B (log-rank test, P=0.93).

Best of treatment response to lenvatinib-based therapy

The response to the treatment was assessed based on the
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mRECIST guidelines (Table S1). In a comparative analysis
of patients treated with lenvatinib as a monotherapy versus
those treated with a combination of lenvatinib and ICI,
notable differences were observed in objective response
rates (ORRs) and disease control rates. Specifically, the
ORR was 30.2% for the lenvatinib monotherapy group and
63.2% for the combination therapy group. Similarly, disease
control rates stood at 90.6% for lenvatinib monotherapy
and 94.8% for the combination therapy. Statistically, the
ORR for the lenvatinib plus ICI combination therapy
was significantly elevated compared to the lenvatinib
monotherapy (P=0.03). The treatment efficacy assessed
by RECIST criteria is shown in Table S1. It indicates an
ORR of 24.5% for lenvatinib monotherapy and 31.6%
for lenvatinib plus ICI. The treatment response rate by
RECIST criteria shows numerically lower values than those
assessed by mRECIST criteria.

Efficacy of lenvatinib therapy with or without
immunotherapy

To evaluate the effectiveness of the lenvatinib-based
treatments, the characteristics of the two subgroups were
analyzed pre- and post-IPTW, as presented in Table S2.
Patients receiving lenvatinib plus ICI combination therapy
exhibited significantly higher ORRs than those receiving
lenvatinib monotherapy before IPTW (OR: 3.857,
P=0.02; Tiable 2). Nevertheless, after IPTW, there were no
statistically significant differences in ORR between the
subgroups (P=0.13). The assessment of survival outcomes
revealed no statistically significant disparities in PFS and
OS between the two subgroups, both before and after
implementing IPTW (refer to Table 2).

Prognostic factors for PFS after lenvatinib monotherapy

The study aimed to identify factors predictive of PFS
prior to the commencement of lenvatinib monotherapy.
Univariate Cox regression analysis indicated that NLR (>5.8
vs. <5.8), and the combination of ALBI grade 1 or 2a with
NLR <5.8 (present vs. absent) were significantly correlated
with PFS, as outlined in 7able 3. Subsequent multivariate
Cox regression analysis determined that the combination
of ALBI grade 1 or 2a and NLR <5.8 was a standalone
predictor of PFS, specifically when both the ALBI grade
and NLR were included in the model (refer to Table 3; HR:
0.382, 95% CI: 0.168-0.871, P=0.02). Incorporating both
the ALBI grade and NLR allowed for effective patient
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Table 1 Baseline characteristics of patients with HCC receiving first-line lenvatinib therapy

Lenvatinib monotherapy Lenvatinib plus

Variables Entire cohort (n=72) (n=53) immunotherapy (n=19) P value
Age, years 64 [16] 64 [14.5] 63 [22] 0.11
Male 57 (79.2) 41 (77.4) 16 (84.2) 0.74
Etiologies 0.76
HBV 42 (58.3) 30 (56.6) 12 (63.2)
HCV 17 (23.6) 14 (26.4) 3(15.8)
Others 13 (18.1) 9(17.0) 4(21.1)
Child-Pugh class >0.99
A 69 (95.8) 51 (96.2) 18 (94.7)
B 3(4.2) 2(3.8) 1(5.3)
ECOG 0.47
0-1 61 (84.7) 46 (86.8) 15 (78.9)
2-3 11 (15.3) 7 (13.2) 4(21.1)
FIB-4 2.44[2.92] 2.74 [3.39] 1.60 [1.60] 0.29
FIB-4 >3.25 22 (30.6) 19 (35.8) 3(15.8) 0.15
ALBI —-2.63[0.71] -2.63 [0.66] -2.58 [1.07] 0.01
ALBI 0.17
Grade 1 38 (52.8) 29 (54.7) 9 (47.4)
Grade 2a 16 (22.2) 13 (24.5) 3(15.8)
Grade 2b 16 (22.2) 11 (20.8) 5(26.3)
Grade 3 2(2.8) 0 (0) 2(10.5)
BCLC stage 0.17
B 25 (34.7) 21 (39.6) 421.1)
C 47 (65.3) 32 (60.4) 15 (78.9)
Previous LRT 54 (75.0) 41 (77.4) 13 (68.4) 0.54
PVT 16 (22.2) 14 (26.4) 2(10.5) 0.21
Vp4 5(6.9) 3(5.7) 2(10.5) 0.60
EHM 38 (52.8) 22 (41.5) 16 (84.2) 0.01
Bile duct invasion 2(2.8) 0 (0) 2(10.5) 0.07
Tumor volume >50% of liver volume 0(0) 0(0) 0 (0) -

Table 1 (continued)
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Lenvatinib monotherapy

Lenvatinib plus

Variables Entire cohort (n=72) (n=53) immunotherapy (n=19) P value
REFLECT criteria 0.34
Without 16 (22.2) 10 (18.9) 6 (31.6)
Within 56 (77.8) 43 (81.1) 13 (68.4)
Adverse event 53 (73.6) 39 (73.6) 14 (73.7) >0.99
AFP, ng/mL 19.3 [380.1] 16.8 [491.0] 27.6[98.2] 0.03
NLR 2.99 [3.19] 3.19 [4.04] 2.62 [1.70] 0.03
AST, U/L 31.5[29.8] 32 [29.5] 28 [36] 0.20
ALT, U/L 32 [33.3] 31[31.5] 36 [35] 0.80
INR 1.03[0.13] 1.03[0.13] 1.02 [0.16] 0.99
Platelet count, 10%/L 157 [124] 147 [119] 171 [161] 0.10
LRT' 30 (41.7) 25 (47.2) 5 (26.3) 0.11

Data are presented as n (%) or median [IQR]. ', locoregional therapy was radiofrequency ablation, transarterial chemoembolization, or
radiotherapy. HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group
performance status; FIB-4, fibrosis index based on four factors; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; LRT,
locoregional therapy; PVT, portal vein thrombosis; EHM, extrahepatic metastasis; AFP, alpha-fetoprotein; NLR, neutrophil-lymphocyte
ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized ratio; IQR, interquartile range.
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Figure 1 Progression-free survival and overall survival after
initiation of lenvatinib therapy. mo, month; mOS, median overall

survival; mPFS, median progression-free survival.

stratification by PFS, as depicted in Figure 34 (log-rank
test, P=0.006). At the 6-month mark, PFS rates for patients
categorized within ALBI grade 1 or 2a and NLR <5.8 stood
at 71.0%, compared to 32.5% for the other subgroups

© AME Publishing Company.

combined. Additionally, the median PFS durations were
11 months (95% CI: 6.0-16.0) for the former group, and
5 months (95% CI: 4.2-5.8) for the latter composite group.

Prognostic factors for OS after lenvatinib monotherapy

In our study, we sought to identify factors that could predict
OS prior to the initiation of lenvatinib monotherapy.
Univariate Cox regression analysis demonstrated that the
ECOG performance status (2 or 3 wvs. 0,1), ALBI grade (2b
or 3 vs. 1 or 2a), REFLECT criteria (without vs. within),
NLR (>5.8 vs. <5.8), and the combination of ALBI grade
1 or 2a with NLR <5.8 were all significantly associated
with OS (refer to Table 4). Upon further analysis using
multivariate Cox regression, only the combination of ALBI
grade 1 or 2a and NLR <5.8 emerged as an independent
predictor of OS. This was evident in the model that
specifically considered the interaction between ALBI grade
and NLR (as illustrated in Tuble 4; HR: 0.198, 95% CI:
0.043-0.920, P=0.04). The integrated measure of ALBI
grade and NLR could potentially serve as a tool to stratify
OS outcomes in patients, as depicted in Figure 3B (log-rank
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Figure 2 Progression-free survival (A) and overall survival (B) after initiation of lenvatinib monotherapy and lenvatinib plus immune

checkpoint inhibitor combination therapy. CI, confidence interval; IO, immune-oncologic therapy (immunotherapy); LEN, lenvatinib; mo,

month; mOS, median overall survival; mPFS, median progression-free survival.

Table 2 Treatment responses and survival outcomes in lenvatinib monotherapy and lenvatinib plus immune checkpoint inhibitor combination

therapy treatment groups

Treatment outcomes Lenvatinib monotherapy  Lenvatinib plus immunotherapy P value

Treatment responses (MRECIST), OR (95% ClI)
Entire cohort, unadjusted
Objective response rate
Disease control rate
Cohort, inverse probability of treatment weighting
Objective response rate
Disease control rate
Survival outcomes, HR (95% Cl)
Entire cohort, unadjusted
Progression-free survival
Overall survival
Cohort, inverse probability of treatment weighting
Progression-free survival

Overall survival

1 3.857 (1.281-11.62) 0.02
1 1.500 (0.157-14.34) 0.73
1 2.809 (0.748-10.55) 0.13
1 2.021 (0.205-19.97) 0.55
1 0.900 (0.465-1.741) 0.76
1 0.949 (0.309-2.916) 0.93
1 0.799 (0.609-1.047) 0.10
1 1.241 (0.416-3.703) 0.70

mRECIST, modified Response Evaluation Criteria in Solid Tumours; OR, odds ratio; Cl, confidence interval; HR, hazard ratio.

test, P<0.001). Specifically, at the 6-month mark, OS rates
for patients with ALBI grade 1 or 2a and NLR <5.8 were
96.9%, in contrast to 86.2% for other subgroups combined.
Remarkably, the median OS for patients in the ALBI grade
1 or 2a and NLR <5.8 subgroup had not yet been reached,
as showcased in Figure 3B.

Prognostic factors for best of treatment response to

lenvatinib monotherapy

The results of the linear regression analysis indicated that
none of the factors significantly predicted objective response
or disease control (refer to Tables S3,S4). The median OS
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Table 3 Univariate and multivariate Cox regression analyses of predictors of progression-free survival for patients with HCC receiving first-line

lenvatinib monotherapy (n=53)

Variables

Univariate

Multivariate

Hazard ratio (95% Cl) P value

Model 1 Model 2

Hazard ratio (95% Cl)

P value Hazard ratio (95% Cl) P value

Age (=65 vs. <65 years) 0.773 (0.394-1.516)  0.45

Gender (male vs. female) 1.213 (0.548-2.682) 0.63

Etiologies (viral vs. non-viral hepatitis) 0.634 (0.277-1.451)  0.28

ECOG (2,3 vs. 0,1) 1.656 (0.684-4.008) 0.26

FIB-4 (>3.25 vs. <3.25) 0.980 (0.492-1.952)  0.96

ALBI grade (2b,3 vs. 1,2a) 2.131(0.959-4.739) 0.06 1.135(0.269-4.796)  0.86 * *
BCLC stage (C vs. B) 0.686 (0.353-1.335)  0.27

Previous LRT (yes vs. no) 0.651 (0.282-1.503)  0.31

Portal vein thrombosis (yes vs. no) 0.646 (0.301-1.387) 0.26

Extrahepatic metastasis (yes vs. no) 0.988 (0.487-2.004) 0.97

REFLECT criteria (without vs. within) 0.641 (0.289-1.423) 0.27

Adverse event (yes vs. no) 1.464 (0.562-3.815) 0.44

AFP (>9 vs. <9 ng/mL) 1.580 (0.784-3.186)  0.20 1.127 (0.518-2.455)  0.76 1.097 (0.514-2.341)  0.81
NLR (>5.8 vs. <5.8) 2.272 (1.031-5.007) 0.042  1.948 (0.473-8.013)  0.36 * *
ALBI grade 1,2a and NLR <5.8 vs. others ~ 0.369 (0.170-0.800)  0.01 * * 0.382 (0.168-0.871)  0.02

*, indicate that the variable had a confounding effect on other factors and was therefore not included in the multivariate analysis. Model 1:
no combination of ALBI and NLR model; Model 2: combination of ALBI and NLR model. HCC, hepatocellular carcinoma; Cl, confidence
interval; ECOG, Eastern Cooperative Oncology Group; FIB-4, fibrosis index based on four factors; ALBI, albumin-bilirubin; BCLC,
Barcelona Clinic Liver Cancer staging; LRT, locoregional therapy; AFP, alpha-fetoprotein; NLR, neutrophil-lymphocyte ratio.
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Figure 3 Progression-free survival (A) and overall survival (B) after initiation of lenvatinib monotherapy, stratified by combination of
ALBI grade and NLR. ALBI, albumin-bilirubin; mo, month; mOS, median overall survival; mPFS, median progression-free survival; CI,

confidence interval; NLR, neutrophil-lymphocyte ratio.
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Table 4 Univariate and multivariate Cox regression analyses of predictors of overall survival for HCC patients receiving first-line monotherapy

with lenvatinib (n=53)

Variables

Univariate

Multivariate

Hazard ratio (95% CI) P value

Model 1

Model 2

Hazard ratio (95% CI) P value Hazard ratio (95% Cl) P value

Age (=65 vs. <65 years) 1.094 (0.363-3.298)  0.87

Gender (male vs. female) 0.726 (0.223-2.362) 0.60

Etiologies (viral vs. non-viral hepatitis) 0.494 (0.150-1.623) 0.25

ECOG (2,3 vs. 0,1) 3.899 (1.021-14.89) 0.047 1.682(0.168-16.85) 0.66  1.391(0.134-14.43)  0.78
FIB-4 (>3.25 vs. <3.25) 1.160 (0.379-3.551)  0.80

ALBI grade (2b,3 vs. 1,2a) 11.38 (2.997-43.21) <0.001 8.437 (0.709-100.4)  0.09 * *
BCLC stage (C vs. B) 1.897 (0.581-6.202) 0.29

Previous LRT (yes vs. no) 0.423 (0.109-1.635)  0.21

Portal vein thrombosis (yes vs. no) 2.447 (0.817-7.328)  0.11 1.656 (0.496-5.531)  0.41 1.621 (0.494-5.320) 0.43
Extrahepatic metastasis (yes vs. no) 0.817 (0.250-2.672) 0.74

REFLECT criteria (without vs. within) 0.251 (0.072-0.873) 0.03  0.779(0.071-8.512) 0.84 0.585 (0.057-5.997) 0.65
AFP (>9 vs. <9 ng/mL) 2.966 (0.808-10.89) 0.10  0.548 (0.119-2.514) 0.44 2.189 (0.493-9.724) 0.30
Adverse event (yes vs. no) 2.175(0.278-17.01)  0.46

NLR (>5.8 vs. <5.8) 5.681 (1.583-20.39) 0.008 0.759 (0.068-8.458)  0.82 * *
ALBI grade 1,2a and NLR <5.8 vs. others  0.119 (0.030-0.468) 0.002 * * 0.198 (0.043-0.920) 0.04

*, indicated that the variable has a confounding effect on other factors, and thus was not included in the multivariate analysis. Model 1:
no combination of ALBI and NLR model; Model 2: combination of ALBI and NLR model. HCC, hepatocellular carcinoma; Cl, confidence
interval; ECOG, Eastern Cooperative Oncology Group; FIB-4, fibrosis index based on four factors; ALBI, albumin-bilirubin; BCLC,
Barcelona Clinic Liver Cancer; LRT, locoregional therapy; AFP, alpha-fetoprotein; NLR, neutrophil-lymphocyte ratio.

of the subgroup with objective responses was significantly
higher than that of the subgroup that achieved stable and
progressive disease (median OS: not reached vs. 20 months,
log-rank test, P=0.03).

Prognostic factors for survival outcome to lenvatinib-based
therapy

We also performed a prognostic analysis of PFS and OS
for all 72 patients, including the prognostic factor of
“lenvatinib monotherapy or combination therapy with
an ICI”. We found that there was no additional survival
benefit from the ICI when used with lenvatinib therapy
in our cohort. For both PFS and OS, the combination
of ALBI grade 1/2a and NLR <5.8 was a significant
prognostic factor (Tables S5,56), which is similar to the
finding for lenvatinib monotherapy.

© AME Publishing Company.

Association of adverse event profile with lenvatinib-based
therapy

The incidence and severity of adverse events in patients
undergoing lenvatinib therapy were examined, as
presented in Tuble 5. Among patients receiving lenvatinib
monotherapy, the four most common adverse events of
any grade were hypertension, diarrhea, palmar-plantar
erythrodysesthesia, and proteinuria, with 37.7%, 28.3%,
26.4%, and 22.6%, respectively, of patients in this cohort
experiencing these adverse events. By contrast, among
patients receiving lenvatinib plus ICI combination therapy,
hypertension, pruritus, diarrhea, and palmar-plantar
erythrodysesthesia were the four most common adverse
events of any grade, with 31.6%, 31.6%, 26.3%, and 26.3%,
respectively, of the patients in this cohort experiencing these

adverse events. None of the patients receiving lenvatinib
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Table 5 Adverse events of lenvatinib therapy with or without immunotherapy

Lenvatinib monotherapy (n=53)

Lenvatinib plus immunotherapy (n=19)

Adverse events
Any grade, n (%)

Grade 3 or 4, n (%)

Any grade, n (%) Grade 3 or 4, n (%)

Hypertension 20 (37.7)
Diarrhea 15 (28.3)
Fatigue 6 (11.3)
Palmar-plantar erythrodysesthesia 14 (26.4)
Proteinuria 12 (22.6)
Nausea 1(1.9
Vomiting 1(1.9
Blood bilirubin increased 0
AST, ALT elevation 0
Dysphonia 2(3.8)
Hypothyroidism 2(3.8)
Adrenal insufficiency 1(1.9
Abdominal pain 2 (3.8)
Pruritus 6(11.3)

0 6 (31.6) 0
0 5 (26.3)
0 0

o

5 (26.3)

-
—_
=
©
=

3 (15.8)

0

0

0
1(5.3)
2 (10.5)
2 (10.5)

2 (10.5)

o O O O O o o o o o o o o

o O o o o o o o o

6 (31.6)

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

plus ICI combination therapy experienced grade 3 or
4 adverse events; however, one patient receiving lenvatinib
monotherapy experienced grade 3 or 4 proteinuria, leading
to renal impairment.

Discussion

The present research assessed the efficacy, safety, and
prognostic determinants of lenvatinib when administered
as an initial systemic therapy for advanced HCC in a
sample of 72 patients. In recent years, researchers have
focused on exploring the potential benefits of combining
lenvatinib with ICIs to improve treatment outcomes.
Lenvatinib has been found to activate the immune response
in the tumor microenvironment by inhibiting the vascular
endothelial growth factor and fibroblast growth factor
receptors pathway, which makes it a promising candidate
in combination with ICIs (27). The combination therapy
of lenvatinib and ICIs has shown encouraging results in
patients with advanced HCC in various empirical studies
(20,22,28,29). The LEAP 002 study examined the efficacy
of combining lenvatinib and pembrolizumab for first-
line treatment in patients with unresectable HCC (22).
While the combination therapy achieved one of the longest

© AME Publishing Company.

median OS (mOS) recorded in a phase III trial at 21.2
months, it did not meet the dual primary endpoints of
OS and PFS. The lenvatinib-alone group had a mOS of
19.0 months. The ORR was higher in the combination
therapy group (26.1%) compared to the lenvatinib-alone
group (17.5%). Additionally, a phase II trial of nivolumab
and lenvatinib in advanced HCC showed promising
results with an ORR of 28%, a CR rate of 6%, and a PR
rate of 22%. The median PFS was 9.0 months, and the
median OS was 27.1 months (28). In a retrospective study
involving 40 HCC patients, the combined regimen of
lenvatinib and nivolumab demonstrated a superior ORR of
45.0% compared to 23.4% with lenvatinib monotherapy.
Furthermore, PFS was prolonged at 7.5 months versus
4.8 months, and OS was extended to 22.9 months compared
to 10.3 months in the monotherapy group (29). Another
retrospective study of 71 patients with unresectable
HCC found that lenvatinib plus pembrolizumab yielded
disease control rates of 84.1% and 70.4% among systemic
therapy-naive and systemic therapy-experienced patients,
respectively, without affecting ALBI scores (20). The
present study found that the combination of lenvatinib and
ICIs yielded higher ORR (63.2% wvs. 30.2%) than lenvatinib
monotherapy. However, both PFS and OS showed statistical
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improvements with the combination therapy relative to
lenvatinib alone (Table S1 and Figure 24,2B). Furthermore,
no significant differences were found in the treatment
responses and survival outcomes between the lenvatinib and
lenvatinib plus ICI groups, even after IPTW. These findings
are consistent with those of the LEAP-002 study, which did
not meet the predefined statistical significance threshold
for OS and PFS (22). One possible explanation for the
unfavorable outcomes observed is the strong performance
of lenvatinib monotherapy as a control arm, which
demonstrated a median OS of 19 months. This outcome
was significantly longer than the 13.6 months observed in
the REFLECT study (3). In terms of OS, patients with
older age (>65 years), extrahepatic spread, hepatitis B virus
etiology, and higher alpha-fetoprotein level (>400 ng/mL)
were found to be good candidates for the lenvatinib plus
pembrolizumab regimen in subgroup analysis (22). We have
also conducted subgroup analyses according to these four
factors but failed to find any statistical differences across
subgroups, possibly due to the sample size (Tables S7,58).
Further studies with larger patient cohorts are necessary to
confirm and validate these findings.

In the present study, the combination of lenvatinib with
ICIs did not result in significant improvements in PFS or
OS and lenvatinib monotherapy was found to be effective
as first-line treatment. The present study demonstrated
that the combined use of ALBI and NLR can effectively
stratify the PFS and OS of patients receiving lenvatinib
monotherapy. The ALBI grade and NLR are simple and
accessible biomarkers in patients with HCC (18). The
ALBI grade has been shown to have higher discriminative
performance than Child-Turcotte-Pugh class as an indicator
for survival after HCC diagnosis, and it has been validated
in large cohorts as a good prognostic factor for HCC
(30,31). Furthermore, the modified ALBI grade (grade 1
or 2a vs. 2b or 3) has been demonstrated to be useful in
stratifying the choice of therapeutic interventions in HCC
(32,33), particularly in the context of lenvatinib therapy
(11,34). Alpha-fetoprotein is considered an important
indicator of the tumor burden and treatment response in
HCC. However, the prognostic value of alpha-fetoprotein
is limited. Approximately 50% of patients with HCC do
not secrete alpha-fetoprotein (35). In a prospective study
involving 113 patients who underwent curative resection
for HCC, a higher NLR was observed in patients with
larger tumors, multiple foci of HCC, a higher grade of
HCC, and vascular invasion (36). A higher ratio between
neutrophils and T lymphocytes in the peritumoral tissues is

© AME Publishing Company.
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correlated with lower OS (37). A high NLR has been found
to be correlated with CD163-positive tumor-associated
macrophages, peritumoral CD163-positive and IL-17-
expressing cells, and programmed death ligand 1 expression
in the tumor center (38). The use of NLR as an indicative
marker of inflammation and immunological status has been
suggested in multiple studies, encompassing a range of
diseases beyond just HCC (39-41). Furthermore, NLR has
prognostic value in various cancer types (40). The NLR
may potentially serve as a prognostic indicator for the
effectiveness of sorafenib treatment in patients diagnosed
with HCC (42). One meta-analysis, which included
18 studies encompassing a total of 2,745 cases, demonstrated
that the prognostic impact on OS increased with higher
NLR cutoff values. The authors concluded that patients with
a lower baseline NLR exhibited a more favorable response
to sorafenib (43). Additionally, another study involving
237 patients identified an NLR cutoff value of approximately
3.0-4.5 as being associated with PFS and OS in patients with
unresectable HCC receiving lenvatinib (15). Based on these
studies, a reasonable NLR cutoff value for targeted therapy
appears to be approximately 3.0-5.0. Our study revealed
that patients with a high NLR (optimal cut-off value of
5.8) had significantly worse PFS and OS. Moreover, we
combined the ALBI and NLR as factors, which could
predict survival outcomes. To the best of our knowledge,
this is the first study to investigate the combined use of
ALBI and NLR to stratify survival risks in patients receiving
lenvatinib monotherapy. We found that this combination
model accurately stratified PFS and OS in patients receiving
lenvatinib therapy. For patient selection, utilizing ALBI
and NLR improves precision in selecting candidates for
systemic therapy and optimizes their treatment outcomes.
High-risk patients with poor liver function or high
inflammation may need customized treatment plans and
alternative treatments. Integrating ALBI grade and NLR in
HCC treatment strategies involving TKIs facilitates patient
selection, optimizes treatment regimens, and improves
clinical outcomes.

In this study, adverse events were predominantly those
of grades 1 or 2 rather than grades 3 or 4. Hypertension,
palmar-plantar erythrodysesthesia, and diarrhea were the
adverse events most frequently reported with lenvatinib
use, regardless of ICI use. The results of this research
corroborate the findings of prior investigations (3,22).
Interestingly, the incidence of hypothyroidism in our
study was lower than that in clinical trials, at 3.8% for
lenvatinib monotherapy and 10.5% for lenvatinib plus
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ICI combination therapy. This finding suggests that
thyroid function is not commonly monitored. Individuals
with subclinical hypothyroidism are unlikely to report it
because it does not cause noticeable discomfort (44). Only
one severe adverse event (proteinuria, which led to renal
impairment) was observed after lenvatinib therapy in the
present study. Most of the observed adverse events were
considered tolerable.

There are some limitations in the present study. Firstly, its
design was retrospective and it was undertaken at a singular
medical center. Moreover, the median duration of follow-
up was 15 months. Therefore, patient selection bias may be
present, and a longer follow-up duration may be necessary to
accurately determine the median OS of our cohort. Secondly,
despite employing IPTW to juxtapose the lenvatinib
combined with ICI therapy against lenvatinib monotherapy,
the sample size for the combination therapy was limited.
Consequently, this restricted our ability to offer comprehensive
data for subgroup analysis. Thirdly, in our study, we observed
a relatively higher NLR value for stratifying survival outcomes
compared to prior studies. This discrepancy may be attributed
to a small sample size or potential cohort bias. Fourthly, the
accurate assessment of the relative dose intensity of lenvatinib
was challenged due to potential discrepancies in documenting
dose adjustments made by patients during the course of
their treatment in the medical records. Finally, the rates of
adverse events were relatively low, especially for grades 3 and
4 adverse events. This might be partially attributed to the
retrospective collection of data.

Conclusions

The present study represents the initial application of
empirical data to evaluate the prognostic efficacy of
combining the ALBI grade and NLR in the primary
systemic treatment of unresectable HCC using lenvatinib
monotherapy. The findings of this research provide
significant insights into the clinical use of lenvatinib and its
potential benefits for patients, as suggested by the identified
prognostic factors. The relationship between lenvatinib
and its prognostic factors warrants further investigation to
facilitate a comprehensive understanding.
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