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Background: After the advent of new treatment options for advanced hepatocellular carcinoma (HCC), the
identification of prognostic factors is crucial for the selection of the most appropriate therapy for each patient.
Patients and methods: With the aim to fill this gap, we applied recursive partitioning analysis (RPA) to a cohort of 404
patients treated with lenvatinib.

Results: The application of RPA resulted in a classification based on five variables that originated a new prognostic
score, the lenvatinib prognostic index (LEP) index, identifying three groups: low risk [patients with prognostic
nutritional index (PNI) >43.3 and previous trans-arterial chemoembolization (TACE)]; medium risk [patients with PNI
>43.3 but without previous TACE and patients with PNI <43.3, albumin-bilirubin (ALBI) grade 1 and Barcelona
Clinic Liver Cancer stage B (BCLC-B)]; high risk [patients with PNI <43.3 and ALBI grade 2 and patients with PNI
<43.3, albumin-bilirubin (ALBI) grade 1 and Barcelona Clinic Liver Cancer stage C (BCLC-C)]. Median overall survival
was 29.8 months [95% confidence interval (Cl) 22.8-29.8 months] in low risk patients (n = 128), 17.0 months (95%
Cl 15.0-24.0 months) in medium risk (n = 162) and 8.9 months (95% ClI 8.0-10.7 months) in high risk (n = 114);
low risk hazard ratio (HR) 1 (reference group), medium risk HR 1.95 (95% CI 1.38-2.74), high risk HR 4.84 (95% ClI
3.16-7.43); P < 0.0001. The LEP index was validated in a cohort of 127 Italian patients treated with lenvatinib.
While the same classification did not show a prognostic value in a cohort of 311 patients treated with sorafenib,
we also show a possible predictive role in favor of lenvatinib in the low risk group.

Conclusions: LEP index is a promising, easy-to-use tool that may be used to stratify patients undergoing systemic
treatment of advanced HCC.

Key words: hepatocellular carcinoma, lenvatinib prognostic index, recursive partitioning analysis

INTRODUCTION

*Correspondence to: Dr Andrea Casadei-Gardini, School of Medicine, Vita-

Salute San Raffaele University, Via Olgettina 60, 20132 Milan, Italy. Tel:
+39-02-26-43-98-06
E-mail: casadeigardini@gmail.com (A. Casadei-Gardini).

2059-7029/© 2021 The Authors. Published by Elsevier Ltd on behalf of Eu-
ropean Society for Medical Oncology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Volume 6 m Issue 4 m 2021

Liver cancer is the fourth leading cause of cancer death in
the world; 75%-85% of cases are represented by hepato-
cellular carcinoma (HCC).* Although the majority of cases
arise during surveillance in cirrhosis, a non-malignant con-
dition,> only a part of HCC (~40%) can undergo local
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treatment with radical aim (e.g. surgical resection, radio-
frequency ablation),” and most cases are only amenable to
systemic therapy.

Sorafenib, a tyrosine kinase inhibitor (TKI), has been the
first drug to show a survival benefit in advanced HCC;* then
lenvatinib, another TKI, showed non-inferiority in survival
when compared with sorafenib in the first-line setting.”
While TKIs target, although not specifically, the vascular
endothelial growth factor (VEGF) pathway, the advent of
immunotherapy allowed us to exploit a new field in HCC
therapy. Nowadays, the most promising treatment strate-
gies in first-line HCC are represented by combination
regimens with an immune checkpoint inhibitor and a VEGF-
targeted agent: atezolizumab plus bevacizumab resulted in
a survival advantage compared with sorafenib in a phase IlI
trial,’ and promising results also come from the combina-
tion of pembrolizumab and lenvatinib in a phase Ib study.’

After the advent of new therapeutic options, with com-
bination regimens and different toxicity profiles, the iden-
tification of prognostic factors is crucial to identify patients
with different a priori probabilities of survival in order to
assign every patient the most appropriate treatment (e.g.
TKI in patients with higher probability of long survival,
combination or clinical trial in patients with estimated poor
prognosis).

In this context, many possible prognostic factors have
been identified in HCC patients treated with sorafenib, such
as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), albumin-bilirubin (ALBI) score,
prognostic nutritional index (PNI) and systemic immune-
inflammation index (SI1).5"* While these indices address
relevant features that reflect the HCC microenvironment or
patients’ metabolic imbalance, they all analyze a specific
aspect, neglecting other potentially relevant factors, e.g.
previous treatments. On the other hand, only a few studies
explored possible prognostic factors in patients treated with
lenvatinib.***

To fill this gap, the aim of the present study was to
evaluate a new prognostic index through a statistical
method for analysis of multiple variables, named recursive
partitioning analysis (RPA), that creates a regression-tree-
based on prognostic value.®

PATIENTS AND METHODS

The study population derived from prospectively collected
data of patients treated with lenvatinib as first-line for
Barcelona Clinic Liver Cancer (BCLC) stage B or C HCC,
deemed not eligible for first treatment or for re-treatment
with surgical or loco-regional therapies. The training
cohort included Eastern populations from Japan between
March 2018 and June 2020. The validation cohort included a
Western population from Italy between September 2019
and February 2021. Eligible patients had HCC diagnosis
confirmed histologically or confirmed clinically in accor-
dance with international guidelines. None of them received
previous systemic therapy. Common inclusion criteria for
the use of lenvatinib were applied.

2 https://doi.org/10.1016/j.esmoop.2021.100190

I. G. Rapposelli et al.

In order to explore the potential application of the
lenvatinib prognostic (LEP) index to a population treated
with sorafenib, we enrolled a cohort of patients treated
with sorafenib. This cohort included a Western popula-
tion from Italy, and those derived from prospectively
collected data in the same setting as the lenvatinib
cohort, enrolled in our previous studies.®*”*° Then, the
classification based on the five variables identified in the
lenvatinib cohort was applied to this cohort. Finally,
outcomes of the two therapies were compared in the
three risk classes, and an interaction test was carried out.
Data have been presented by means of forest plot.
Supplementary Figure S1, available at https://doi.org/
10.1016/j.esmoop.2021.100190, shows the flow diagram
of the study.

Lenvatinib was administered as described in the REFLECT
trial; thus, patients received 12 mg if baseline body weight
was >60 kg or 8 mg if baseline body weight was <60 kg;
lenvatinib was given once daily orally. Sorafenib was
administered as in common clinical practice, and all patients
in the sorafenib group received a starting dose of 400 mg
orally twice daily.” Patients continued lenvatinib or sor-
afenib if they had clinical benefit as judged by the physician
in charge or until unacceptable toxicity. Treatment in-
terruptions and dose reductions were allowed to manage
adverse events.

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

Statistical analysis

Information on clinical features and hematologic blood tests
carried out at baseline (the day before the start of treat-
ment) was collected.

X-tile 3.6.1 software (Yale University, New Haven, CT) was
used to determine the cut-off value for baseline levels.

We used survival tree regression to define risk groups in
the test cohort after dichotomizing each variable. Starting
with the full test cohort, we carried out univariate Cox
proportional hazards regression for each predictor variable.
Our criteria to define groups at each level included the
variable with the highest hazard ratio (HR), a P value
< 0.05. We then dichotomized the test cohort using the
selected predictor variable and repeated the univariate Cox
models within each group. We recursively repeated this
process within each new group until no variable met the
criteria for selection. After defining initial groups or ‘nodes’,
HRs for each node were calculated relative to the lowest-
risk node. Kaplan—Meier methods were used to estimate
survival for each node, and an overall log-rank test was
calculated for the model.

MedCalc package (MedCalc® version 16.8.4) was used for
statistical analysis.
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Table 1. Patient baseline characteristics
Lenvatinib Lenvatinib Sorafenib P value between the P value between lenvatinib
Eastern population Italian population % two cohorts of lenvatinib Eastern population and sorafenib
% %
Age, years
<70 34.4 51.2 59.8 0.0008 <0.00001
>70 65.6 48.8 40.3
Sex
Male 78.0 75.6 88.1 0.62 0.0004
Female 22.0 24.4 11.9
BCLC stage
B 58.2 22.0 251 <0.000001 <0.000001
C 41.8 78.0 74.9
Etiology
HCV 433 48.0 51.4
HBV 14.6 15.0 20.6 0.07 0.0004
Others 42.1 37.0 28.0
Performance status
0 86.6 86.6 61.4 1.00 <0.000001
1 134 13.4 38.6
Portal vein thrombosis
No 85.6 724 61.1 0.001 <0.000001
Yes 14.4 27.6 38.9
Child—Pugh score
A 88.6 94.5 92.6
B 11.4 5.5 7.4 0.06 0.07
AFP
<400 74.7 57.6 68.5 0.0003 0.06
>400 25.3 42.4 31.5
TACE
Yes 65.8 41.7 49.8 0.00002 0.00001
No 342 58.3 50.2
ALBI
1 89.1 91.9 93.6 0.40 0.04
2 10.9 8.1 6.4
PNI
<433 49.7 33.1 86.5 0.001 <0.000001
>43.3 50.3 66.9 13.5

The positive results were in bold.

AFP, a-fetoprotein; ALBI, albumin-bilirubin score; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus; PNI, prognostic nutritional index; TACE, trans-

arterial chemoembolization.

RESULTS

Eastern training cohort treated with lenvatinib

RPA analysis was carried out on 404 Japanese patients
treated with lenvatinib; their main characteristics are
summarized in Table 1. Univariate results indicate a survival
difference according to alpha-fetoprotein (<400 versus
>400), ALBI grade (1 versus 2), aspartate aminotransferase
(<31 versus >31), BCLC (B versus C), Child—Pugh (A versus
B), NLR (<2.7 versus >2.7) and PNI (<43.3 versus >43.3).
The first node split by PNI (Figure 1) indicates that the
survival difference between patients with PNI <43.3 versus
PNI >43.3 is greater than the difference between any other
patient subset. The same process has been recursively
applied to the resulting subpopulations, giving rise to the
partitioning tree depicted in Figure 1. Among the 201 pa-
tients with PNI <43.3, the most significant split was by ALBI
grade, between patients with ALBI grade 1 (n = 157) and
patients with ALBI grade 2 (n = 44). Among the 157 pa-
tients with PNI <43.3 and ALBI grade 1, the final split was
determined between patients with BCLC-B (n = 87) and
patients with BCLC-C (n = 70). Among the 203 patients with
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PNI >43.3, the most significant and final split was between
patients with or without previous trans-arterial chemo-
embolization (TACE; n = 128 and n = 75, respectively).

According to the RPA tree, we have identified three
groups of patients with different outcomes in terms of
overall survival (0S). The first class, renamed ‘low risk’, in-
cludes patients with PNI >43.3 and with previous TACE. The
second class, renamed ‘medium risk’, includes patients with
PNI >43.3 but without previous TACE and patients with PNI
<43.3, ALBI grade 1 and BCLC-B. Finally, the third class,
renamed ‘high risk’, includes patients with PNI <43.3, ALBI
grade 2 and patients with PNl <43.3, ALBI grade 1 and
BCLC-C.

We have named our new score the lenvatinib prognostic
index ‘LEP index’. We have created a tool for easy calcula-
tion of the score based on the five variables identified (al-
bumin, bilirubin, lymphocytes, BCLC stage, previous TACE).
The calculator is available online (https://casadeigardini.
wixsite.com/lepindex) and gives, as a result, the patient’s
risk class (low, medium or high risk).

Median OS was 29.8 months [95% confidence interval
(Cl) 22.8-29.8 months] in patients with low risk (n = 128),

https://doi.org/10.1016/j.esmoop.2021.100190 3
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Figure 1. Classification of patients treated with lenvatinib according to recursive partitioning analysis (RPA).

RPA identifies three risk groups: low risk [patients with prognostic nutritional index (PNI) >43.3 and with previous trans-arterial chemoembolization (TACE); n = 128];
medium risk [patients with PNI >43.3 but without previous TACE and patients with PNI <43.3, ALBI grade 1 and Barcelona Clinic Liver Cancer stage B (BCLC-B); n =
162]; high risk [patients with PNI <43.3 and albumin-bilirubin (ALBI) grade 2 and patients with PNI <43.3, ALBI grade 1 and Barcelona Clinic Liver Cancer stage C (BCLC-

C); n = 114].

17.0 months (95% Cl 15.0-24.0 months) in medium risk (n =
162) and 8.9 months (95% Cl 8.0-10.7 months) in high risk
(n = 114); low risk hazard ratio (HR) 1 (reference group),
medium risk HR 1.95 (95% Cl 1.38-2.74), high risk HR 4.84
(95% Cl 3.16-7.43); P < 0.0001 (Figure 2A). Receiver
operating characteristic (ROC) curve analysis showed an
area under the curve (AUC) of 0.73 (95% ClI 0.67-0.79;
P < 0.0001).

Median progression-free survival (PFS) was 7.2 months
(95% Cl 6.0-9.4 months) in patients with low risk, 6.9
months (95% Cl 5.9-7.9 months) in medium and 3.0 months
(95% Cl 2.5-4.7 months) in high risk; low risk HR 1 (refer-
ence group), medium risk HR 1.00 (95% ClI 0.78-1.30), high
risk HR 2.04 (95% Cl 1.46-2.84); P < 0.0001(Figure 2B).

The three groups of patients had a different percentage
of progressive disease (PD) at the first computed tomog-
raphy (CT) response assessment (low risk 15.9%; medium
risk 11.6%; high risk 43.1%; P < 0.0001). No difference in PD
at first response assessment was found between patients
with low and medium risk (P = 0.36).

In the three groups of patients, different profiles of
toxicity have been reported, in particular in terms of hand-
foot skin reaction (low risk 33.6%; medium risk 19.7%; high
risk 17.5%, P = 0.0046), hypertension (low risk 51.5%;
medium risk 37.0%; high risk 23.6%, P < 0.0001) and pro-
teinuria (low risk 39.8%; medium risk 35.2%; high risk
21.9%, P = 0.0091) (Table 2).

4 https://doi.org/10.1016/j.esmoop.2021.100190

Western validation cohort treated with lenvatinib

The classification identified with RPA has been applied to a
cohort of 127 Italian patients treated with lenvatinib, whose
characteristics are summarized in Table 1. Median OS was
not reached in low risk patients (n = 42), 10.8 months (95%
Cl 8.8-11.3 months) in medium risk (n = 48) and 3.9 months
(95% Cl 3.0-11.8 months) in high risk (n = 37); low risk HR 1
(reference group), medium risk HR 9.35 (95% Cl 4.31-20.27),
high risk HR 41.54 (95% Cl 14.46-119.36); P < 0.0001
(Figure 3A). Median PFS 8.8 months (95% Cl 7.3-9.1 months)
in low risk patients, 9.7 months (95% Cl 4.0-10.2 months) in
medium risk and 3.0 months (95% Cl 2.2-3.9 months) in high
risk; low risk HR 1 (reference group), medium risk HR
1.51 (95% Cl 0.87-2.60), high risk HR 4.85 (95% Cl 2.43-9.65);
P < 0.0001 (Figure 3B).

The three groups of patients had a different percentage
of PD at the first CT response assessment (low risk 14.3%;
medium risk 20.8%; high risk 51.3%; P = 0.005). No dif-
ference in PD at first response assessment was found
between patients with low and medium risk (P = 0.42).

Patients treated with sorafenib

The classification identified with RPA has been applied
to a cohort of 311 Italian patients treated with sor-
afenib, whose characteristics are summarized in Table 1.
Median OS was 15.8 months (95% ClI 11.0-36.0 months)

Volume 6 m Issue 4 m 2021
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Figure 2. Survival analysis of patients treated with lenvatinib based on risk groups identified with recursive partitioning analysis (RPA).

(A) Median overall survival (OS) was 29.8 months [95% confidence interval (Cl) 22.8-29.8 months] in the low risk group, 17.0 months (95% ClI 15.0-24.0 months) in
medium risk and 8.9 months (95% CI 8.0-10.7 months) in high risk; low risk hazard ratio (HR) 1, medium risk HR 1.95 (95% C| 1.38-2.74), high risk HR 4.84 (95% CI 3.16-
7.43); P < 0.0001. (B) Median progression-free survival (PFS) was 7.2 months (95% Cl 6.0-9.4 months) in the low risk group, 6.9 months (95% Cl 5.9-7.9 months) in
medium and 3.0 months (95% Cl 2.5-4.7 months) in high risk; low risk HR 1, medium risk HR 1.00 (95% CI 0.78-1.30), high risk HR 2.04 (95% CI 1.46-2.84); P < 0.0001.

in low risk patients (n = 28), 14.8 months (95% CI 10.9-
19.0 months) in medium risk (n = 68) and 10.5 months
(95% CI 8.6-36.3 months) in high risk (n = 215); low
risk HR 1 (reference group), medium risk HR 0.81 (95%
Cl 0.53-1.27), high risk HR 1.13 (95% CI 0.76-1.67); P =
0.1177 (Figure 3C).

Table 2. Adverse events reported in patients treated with lenvatinib
Low risk Medium risk High risk P value
n n n

HSFR
Yes 43 (33.6) 32 (19.7) 20 (17.5) 0.0046
No 85 130 94

Diarrhea
Yes 37 47 21 0.0939
No 91 115 93

Hypertension
Yes 66 (51.5) 60 (37.0) 27 (23.6)  <0.0001
No 62 102 87

Fatigue
Yes 49 68 39 0.4251
No 79 94 75

Decreased appetite
Yes 45 68 40 0.3798
No 83 94 74

Proteinuria
Yes 51(39.8) 57 (35.2) 25 (21.9) 0.0091
No 77 105 89

Hypothyroidism
Yes 56 64 38 0.2509
No 72 98 76

Other toxicity
Yes 79 95 55 0.0871
No 49 67 59

The positive results were in bold.
HSFR, hand-foot skin reaction.

Volume 6 m Issue 4 m 2021

Forest plot of OS highlighted the efficacy of lenvatinib
over sorafenib in patients with low risk from the Eastern
population (Figure 3D). This was confirmed when we
compared lenvatinib versus sorafenib in the Italian cohort
(Figure 3E). Interaction tests for both analyses highlighted a
positive predictive role of low risk class in patients treated
with lenvatinib (P < 0.0001).

DISCUSSION

The application of RPA to a cohort of HCC patients treated
with lenvatinib has originated a new prognostic index in this
population: the LEP index. This has highlighted a very clear
difference in OS in the three groups identified (low, medium
and high risk: 29.8, 17.0 and 8.9 months, respectively).
Notably, the low risk population (128 out of 404 patients
analyzed, 31.7%) outperforms by far the lenvatinib arm
(29.8 versus 13.6 months) of the phase IIl trial.”> Further-
more, the low risk population showed a longer OS than the
atezolizumab + bevacizumab arm in the IMbrave 150 trial
(19.2 months),”® conversely the medium risk population
showed a similar OS. Although this is an indirect compari-
son, it may suggest that different risk classes are worthy of
different treatments, and lenvatinib may be suitable in first-
line treatment of HCC even after the advent of combination
therapies (e.g. lenvatinib may be used in patients with low
risk, or in medium risk with contraindications to the com-
bination therapy, such as history of autoimmune disease or
concerns for major bleeding, while the combination would
be preferred in patients with high risk). In this context, the
LEP index may be a tool to allocate patients the most
appropriate treatment. However, further investigation is
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Figure 3. Application of the lenvatinib prognostic (LEP) index to lenvatinib validation cohort and to patients treated with sorafenib and comparison of the two
treatments in the three risk groups identified with recursive partitioning analysis RPA.

(A) Overall survival analysis of Italian patients treated with lenvatinib based on risk groups identified with RPA. (B) Progression-free analysis of Italian patients treated
with lenvatinib based on risk groups identified with RPA. (C) Survival analysis of patients treated with sorafenib based on risk groups identified with RPA. (D) Forest plot
comparing sorafenib with lenvatinib training cohort (Eastern population). (E) Forest plot comparing sorafenib with lenvatinib validation cohort (Italian population).

warranted, with direct comparative studies considering
different treatment allocation based on risk stratification.

The LEP index was validated in a Western population
treated with lenvatinib. It should be noted that Eastern and
Western populations have different characteristics
(Table 1), and this point improves the prognostic impact of
our index.

On the other hand, evaluation of PFS and response rate
highlighted a poor outcome in the high risk group but did
not show any differences between low and medium risk
groups (both in Eastern and Western populations). Data in
these two categories were consistent with other reports,
showing that TACE itself has an effect on survival,?* but it
does not affect response rate and PFS in patients that
subsequently received lenvatinib.?” These data raise atten-
tion on the optimal integration of TACE and lenvatinib, even
in early stages of HCC.>>**

PNI, although with a slightly different cut-off (>40), has
already been shown to be a good prognostic indicator in
HCC patients treated with lenvatinib,"> whereas in our
study, the definition of low risk includes both high PNI
(>43.3) and having received TACE; therefore, one might
speculate that, in order to achieve maximum benefit,

6 https://doi.org/10.1016/j.esmoop.2021.100190

patients should receive lenvatinib as soon as they become
refractory to TACE. Previous studies have already reported a
beneficial effect of lenvatinib as an early treatment in TACE-
refractory disease, a setting where lenvatinib has shown
better performance in PFS than sorafenib.?>**> Data
confirmed recently by our group, where lenvatinib provided
longer survival than sorafenib in patients previously sub-
mitted to TACE.”® Furthermore, some data are emerging
about the role of lenvatinib even in an earlier setting, i.e.
before TACE;”’ indeed, systemic treatment may be
preferred when intermediate-stage HCC is deemed TACE-
unsuitable, i.e. when TACE will likely be ineffective or
result in deterioration of hepatic function.”® Another
promising strategy in intermediate HCC may be the alter-
nation of lenvatinib and trans-arterial therapy upon the
appearance of new nodules.**

A very interesting point in our study is the finding of
different toxicity profiles, i.e. patients in the longer survival
group reported adverse effects (specifically, hand-foot skin
reaction, hypertension and proteinuria) more frequently
than in the lower survival population; this is consistent with
other reports that correlate the onset of adverse events
during lenvatinib with a better outcome.?**° These findings
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once again raise awareness about the management of
adverse effects, especially taking into account the impor-
tance of maintaining a high relative dose intensity (>70%-
75%) in the first 4-8 weeks of treatment with lenvatinib in
order to achieve a better outcome, both in response and
survival >*#*

Different from lenvatinib, the LEP index had no prog-
nostic significance in patients treated with sorafenib. It
should be noted though that the interaction test and forest
plot highlighted the positive predictive role in favor of
lenvatinib in patients classified as low risk. This data re-
inforces the use of lenvatinib over sorafenib in early stage,
especially in patients refractory to TACE.>**° Although it
should be confirmed in a prospective study, this data dis-
closes a new scenario for systemic treatment in patients
with hepatocellular carcinoma. Indeed, lenvatinib and sor-
afenib show some differences in their mechanism of ac-
tion:** although they both are TKIs that act mainly on the
VEGF pathway, they have significant off-target activity on
molecules such as platelet-derived growth factor receptor o
(PDGFR-a), c-KIT and rearranged during transfection,””
where they show a somewhat different spectrum.® This
is underscored by the different toxicity profiles® and by the
non-overlapping clinical activity, as also shown in thyroid
cancer.*®

The LEP index has some relevant advantages: it is easily
calculated, it is based on variables (albumin, bilirubin,
lymphocytes, BCLC stage, previous TACE yes/no) that are
commonly assessed in patients with HCC (thus not requiring
additional examinations) and clearly identifies three groups
with sharp differences in patients treated with lenvatinib,
with a considerable sample size (n = 404). Furthermore,
and potentially more important, the comprehensive nature
of the LEP index should be underscored. Many of the
existing indices point to a specific aspect of HCC: some are
mainly focused on the activation of an immune-
inflammatory system such as the NLR, PLR, Sl or C-reac-
tive protein,®>’>° while others mainly assess the metabolic
imbalance associated with the disease such as the Child—
Pugh score, ALBI or PNL**? All these indices disregard
other relevant features of the disease. Conversely, the LEP
index takes into account a higher number of variables (five),
that include multiple clinical and laboratory features of
HCC, i.e. activation of the immune-inflammatory system
(lymphocytes), liver function and metabolic status (albumin,
bilirubin), disease stage (BCLC) and previous treatments
(TACE yes/no). Consequently, the LEP index is, to our
knowledge, the most comprehensive prognostic factor in
advanced HCC treated with lenvatinib.

Our study has some limitations: first of all, its retro-
spective nature and for this reason we did not have some
important data of our patients (e.g. dose intensity and
treatment duration); second, while with lenvatinib, the
three groups identified were comparable in number
(training cohort: n = 128 in low risk, n = 162 in medium
risk; n = 114 in high risk; validation cohort: n = 42, n = 48,
n = 37 in low, medium and high risk, respectively), the
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application of the same criteria to the sorafenib cohort
resulted in three groups with an imbalance in number (n =
28 in low risk; n = 68 in medium risk; n = 215 in high risk);
in particular, the very small sample size of the low risk group
could not be fully representative. We cannot exclude that
this imbalance in groups may reflect a real difference in the
two populations; on the other hand, Western populations
treated with sorafenib or lenvatinib had similar basal
characteristics, thus strengthening the prognostic impact of
our index and allowing its extension to a Western popula-
tion treated with lenvatinib.

In conclusion, the new index identified in our study,
named the LEP index, might represent a promising and
easy-to-use tool to estimate the prognosis of HCC patients
treated with lenvatinib, and strengthens the preliminary
data for the use of lenvatinib over sorafenib in the early
stage of the disease.
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