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Purpose: To assess the safety, efficacy and prognostic impact of clinical factors related to
lenvatinib treatment in Child-Pugh class A (CP-A) and class B (CP-B) patients with
unresectable hepatocellular carcinoma (u-HCC).

Methods: Patients with u-HCC who were treated with lenvatinib at multiple centers in
Japan were retrospectively analyzed for treatment outcomes according to their respective CP
status. Radiological objective response (OR) was assessed using modified response evalua-
tion criteria in solid tumors (mRECIST) guidelines.

Results: Baseline demographic parameters were comparable between 126 (69.6%) patients with
CP-A disease and 55 patients (30.4%) with CP-B disease. Frequency of lenvatinib-related
adverse events, including decreased appetite (P=0.034), diarrthea (P=0.040), elevated serum
bilirubin (P=0.016) and vomiting (P=0.009), were higher in CP-B than in CP-A patients.
Relative dose intensity (RDI) was significantly higher in CP-A (0.69) than CP-B patients (0.50,
P <0.001). Furthermore, OR rate (44.0%) was markedly higher in CP-A5 patients as compared to
CP-A6 (25.5%), CP-B7 (22.2%), and CP-B8 patients (5.3%), respectively (P=0.002). In multi-
variable analysis, performance status (0 vs 1, 2, P=0.026), CP class (A vs B, P=0.045) and RDI
(>0.7 vs <0.7, P=0.034) were identified as factors associated with response to lenvatinib treat-
ment. Overall survival (OS) at 12 months was significantly different between CP-A (66.3%) and
CP-B patients (30.0%, P=0.002), and between CP 5-7 (59.2%) and CP 8 patients (34.8%,
P=0.003). In multivariable analysis, CP class (A vs B, P=0.007) and Barcelona clinic liver cancer
(BCLC) stage (B vs C, P=0.002) were associated with OS following lenvatinib treatment.
Conclusion: Lenvatinib treatment offers significant benefits in patients with good liver
function in real-world practice. The various characteristics identified in this study might be
helpful as clinical predictors of response to lenvatinib and survival in clinical practice.
Further studies are required to address eligibility for lenvatinib treatment in CP 7 patients.
Keywords: lenvatinib, tyrosine kinase inhibitor, hepatocellular carcinoma, Child-Pugh,
adverse events, overall survival

Introduction
Globally, hepatocellular carcinoma (HCC) is one of the leading causes of cancer-
related deaths.!? Systemic therapy using molecular targeted agents is the recom-
mended standard treatment for advanced unresectable HCC.?

Lenvatinib is a multitargeted tyrosine kinase inhibitor of fibroblast growth factor
(FGF) receptors 1-4 (FGFR), vascular endothelial growth factor (VEGF) receptors
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1-3 (VEGFR), platelet-derived growth factor (PDGF) recep-
tor, the rearranged during transfection (RET) oncogene, and
KIT.* Based on the results of the Phase III REFLECT trial,
lenvatinib was recently approved for use as a first-line
tyrosine kinase inhibitor for patients with unresectable
HCC in Japan, the USA, the EU and Asia.’ The therapeutic
potential of lenvatinib for u-HCC in clinical practice has also
been reported in several recent studies.®® However, factors
associated with outcomes following lenvatinib have not
been clarified in large-scale studies evaluating actual clinical
practice. Although several recent studies reported that
patients with Child-Pugh A (CP-A) or modified albumin-
bilirubin (mALBI)-grade 1/2a were predictive of a higher
response rate,>’ it is not always possible to select patients
with well-preserved hepatic function since many HCC
patients have hepatic dysfunction at the time of clinical
presentation (CP-B). Additionally, the safety and efficacy
of lenvatinib in CP-B patients with u-HCC has not been
sufficiently investigated. Therefore, it is necessary to vali-
date the results obtained in field studies using real-life
studies.

The aim of this study was to assess the safety, efficacy
and prognostic impact of clinical factors related to lenva-
tinib therapy in CP-A and CP-B patients with u-HCC.

Methods
Study Design and Patients

In this retrospective study, lenvatinib (Lenvima®; Eisai
Co., Ltd., Tokyo, Japan) was administered orally to
patients with u-HCC. The dose of lenvatinib was based
on body weight, and it was administered at an initial
dose of 12 mg/day for those weighing over 60 kg and
8 mg/day for those weighing less than 60 kg. For
patients with CP-B disease, the initial dose was reduced
from 12 mg to 8 mg once daily, as described in
a clinical Phase I trial.'® Lenvatinib therapy was recom-
mended for patients with u-HCC and patients that met
the criteria shown in Figure 1A—C. Furthermore, inclu-
sion criteria for patients treated with lenvatinib were: 1)
patients with only HCC, 2) those who did not receive
combination chemotherapy with other treatments, 3) in
whom physical function was preserved, and 4) patients
with complete clinical and follow-up data.

We administered lenvatinib to 197 patients with unre-
sectable or transarterial chemoembolization (TACE)-
refractory HCC from March 2018 to March 2019. As
shown in Figure 1, since nine patients who participated in

’ Patients who received lenvatinib (n=197)

Patients with unresectable HCC and:

(a) the presence of distant metastases, or

(b) refractory response to previous TACE for HCC, or

(c) unsuitability for TACE due to tumor burden beyond the
up-to-seven criterion or for anatomical reasons

The following patients were excluded:

-Those participating in other studies (n=9)

-Patients receiving combination therapy with other
treatments (n=3)

-Malignancy other than HCC (n=2)

-Patients with severe physical dysfunction (n=2)

(One patient with Parkinson’s disease and another with

difficulty walking due to lumbar fracture)

l Patients who participated in this study (n=181) ‘

Figure | Flow chart showing patient enrollment in the study.

other observational studies, two patients with cancer other
than HCC, three patients who received combination che-
motherapy with other treatments and two patients with
severe physical dysfunction were excluded, a total of 181
patients were enrolled in this study. This retrospective study
was conducted at 11 institutions in Kanagawa, Japan;
Yokohama City Medical Center [n=29], Yokohama City
University Hospital [n=1], Kitasato University Hospital
[n=37], Kanagawa Cancer Center [n=35], Tokai University
Hospital [n=27], St.
Medicine hospital [n=13], Shonan Kamakura General

Marianna University School of

Hospital [n=20], Shonan Fujisawa Tokushukai Hospital
[n=12], Japanese Red Cross Hadano Hospital [n=3],
Yokohama Minami Kyosai Hospital [n=3], and Kanagawa
Prefectural Ashigarakami Hospital [n=1]. Since in an actual
clinical setting, u-HCC patients with reduced hepatic
reserve are often considered for treatment, the analysis
focused on CP class and CP score.

Diagnosis and Evaluation of Therapeutic

Response
Clinical diagnoses of HCC were made according to the
diagnostic criteria of the European Association for the
Study of the Liver (EASL) guidelines.” Treatment
response was evaluated by enhanced CT or MRI at 4-8
weeks after introducing lenvatinib, in accordance with the
modified Response Evaluation Criteria in Solid Tumors
(RECIST) protocol.'"!2

We calculated relative dose intensity (RDI) as the total
lenvatinib dose delivered for the first 4-8 weeks after
introducing therapy as a percentage of the planned dose.
identification of

Lenvatinib was continued until
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progressive disease (PD), occurrence of unmanageable
adverse events (AEs), or if patients wished to discontinue
treatment at their own discretion. Hepatic reserve was
assessed using the Child Pugh classification. We analyzed
response rate, overall survival (OS) and AEs associated

with lenvatinib treatment in CP-A and CP-B patients.

Table | Baseline Characteristics of Patients

Statistical Analysis

Categorical variables were compared by Fisher’s exact
test, and continuous variables were evaluated by the
Mann—Whitney U-test. PFS and OS were estimated by
the Kaplan—Meier method, and differences were evaluated

using the Log rank test. In multivariable analysis of

Total cases (n=181) CP-A cases (n=126) CP-B cases (n=55) P value

Age, years 72 74 70 0.032

(range) (34-90) (34-90) (46-84)

Sex (Male/Female), 140/41 95/31 45/10 0.44

n (%) (77.3/122.7%) (75.4/24.6%) (81.8/18.2%)

Cause of HCC (HBV/ 43/64/74 30/46/50 13/18/24 0.86

HCV/NBNC), n (%) (23.8/35.4/40.9%) (23.8/36.5/39.7%) (23.6/32.7/43.6%)

BMI (kg/m2) 23.1 233 229 0.62

(range) (15.0-39.3) (22.5-39.3) (15.0-34.9)

Child-Pugh class (A/B), n (%) 126/55 (69.6/30.4%)

CP score (5/6/7/8), 75/51/36/19 75/51/0/0 0/0/36/19 <0.001

n (%) (41.4/28.2/19.9/10.5%) (59.5/40.5/0/0%) (0/0/65.5/34.5%)

mALBI (1+2a/2b+3), 98/83 95/31 3/52 <0.001

n (%) (54.1/45.9%) (75.4/24.6%) (5.5/94.5%)

PS (0/1/2), 145/34/2 102/23/1 43/11/1 0.71

n (%) (80.1/18.8/1.1%) (81.0/18.3/0.8%) (78.2/20.0/1.8%)

Extrahepatic metastasis, n (%) 65 51 14 0.064
(35.9%) (40.5%) (25.5%)

MVI (Vpl+Vp2/Vp3/Vp4), 25/13/17 16/8/9 9/5/8 0.079

n (%) (13.8/7.2/9.4%) (12.7/6.317.1%) (16.4/9.1/14.5%)

HCC occupying > 50% of the liver, n (%) 18 12 6 0.79
(9.9%) (9.5%) (10.9%)

BCLC stage (B/C), 82/99 57/69 25/30 |

n (%) (45.3/54.7%) (45.2/54.8%) (45.5/54.5%)

TKI Ist line / 2nd line/ 148/16/17 108/9/9 40/7/8 0.124

3rd line-, n (%) (81.8/8.8/9.4%) (85.7/7.117.1%) (72.7/12.7/14.5%)

Past history of TACE, 145 96 49 0.066

n (%) (80.1%) (76.2%) (89.1%)

AFP (ng/mL) 69.3 44.0 384.1 0.034

(range) (0-507689) (0.8-262413) (0-507689)

DCP (AU/mL) 772 674.5 1075 0.26

(range) (3-290000) (3-290000) (16-80090)

Observation period, days (range) 194 199 144 0.013
(22-461) (28-461) (22-405)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; BMI, body mass index; CP, Child-Pugh; mALBI grade, modified albumin-bilirubin grade; PS, Eastern
Cooperative Oncology Group performance status; MVI, major venous invasion; BCLC, Barcelona clinic liver cancer; TKI, tyrosine kinase inhibitor; TACE, transcatheter
arterial chemoembolization; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin.
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lenvatinib response and OS, factors that were related to the
prognosis of HCC according to previous literature®®13-18
were selected, which included CP class, Barcelona clinic
liver cancer (BCLC) stage, age, Eastern Cooperative
Oncology Group (ECOG) performance status (PS), RDI,
sex, experience of TACE, experience of other tyrosine
kinase inhibitor (TKI) treatments, cause of hepatitis,
a-fetoprotein (AFP) level, des-gamma-carboxy prothrom-
bin (DCP) level, body mass index (BMI), extrahepatic
metastasis (EHM), major venous invasion (MVI) and
liver tumor occupancy rate. Multivariable analysis of
response was performed by logistic regression analysis,
and the number of explanatory variables was set at 15
for 181 events.'” Multivariable analysis of OS was per-
formed by Cox proportional hazard regression analysis,
and the number of explanatory variables was set at 5 for
56 events. All statistical analyses were two-sided, and
P values of <0.05 were considered statistically significant.
For P values less than 0.001, we reported the value as
P<0.001. Al statistical analyses were performed with EZR
version 1.40 software (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical

Computing, Vienna, Austria).

Results
Patient Characteristics

Patients’ background characteristics at baseline, before len-
vatinib treatment, are shown in Table 1. Median patient age
was 72 years (range, 34-90), and 140 of the 181 patients
(77.3%) were male. ECOG PS was 0 in 145 patients (80.1%).
In this study, there were 75, 51, 36, 15 and 4 patients with CP
scores of A5, A6, B7 and BS, respectively. In the BCLC stage
classification, there were 82 stage B patients and 99 stage
C patients; further, there were 55 patients (30.4%) with MVI,
65 patients (35.9%) with EHM and 18 patients (9.9%) with
liver tumor occupancy of over 50%. Before the start of the
study, 33 patients (18.2%) had a history of TKI treatments.
The median serum AFP level was 69.3 ng/mL and median
DCP level was 772 mAU/mL. The median observation per-
iod was 194 days. CP-A patients were older than CP-B
patients, median AFP was higher in CP-B patients than
CP-A patients, and median observation period was longer
in CP-A patients than in CP-B patients. Other characteristics
were not significantly different between CP-A and CP-B
patients.

Adverse Events

A safety analysis was conducted of the 181 patients who
received lenvatinib (Table 2). The overall incidence of drug-
related AEs was 97.2% (176 of 181 patients). The most
frequent drug-related AEs were decreased appetite (56.9%),
fatigue (51.4%), hypertension (40.9%), proteinuria (36.5%)
and hand-foot-syndrome (HFS) (35.4%). Although protei-
nuria was more common in CP-A than CP-B patients
(P=0.007), the frequency of other AEs, including decreased
appetite (P=0.034), diarrhea (P=0.040), vomiting (P=0.009)
and increased serum bilirubin levels (P=0.016), were signifi-
cantly higher in CP-B patients than in CP-A patients.
However, the incidence of all grade 3/4 adverse events,
except proteinuria, were not significantly different between
CP-A and CP-B patients (Table 2A). Further, the total inci-
dence of major AEs leading to treatment interruption and/or
withdrawal was not significantly different between CP-A and
CP-B patients (Table 2B).

Treatment Response

Treatment response at 4—8 weeks after treatment initia-
tion was evaluated in the 181 patients who received
lenvatinib treatment. Of the 181 patients, 3 (1.7%), 52
(28.7%), 66 (36.5%), 44 (24.3%) and 16 (8.8%)
showed complete response (CR), partial response
(PR), stable disease (SD), progressive disease (PD)
and not estimated (NE), respectively (Figure 2A). The
ORR (ie the total rate of patients with CR and PR) was
30.4%, and the disease control rate (DCR, ie the total
rate of patients with CR, PR and SD) was 68.5%,
respectively. The ORR in CP-A patients was 36.5%,
which was almost consistent with the results of the
REFLECT trial and was significantly higher than the
ORR of 16.3% in CP-B patients (P=0.008).
Furthermore, according to CP class, the ORR (44.0%)
was significantly higher in CP-AS patients as compared
to CP-A6 patients (25.5%), CP-B7 patients (22.2%)
and CP-B8 patients (5.3%), respectively (P=0.002)
(Figure 2B). Although the ORR was higher in CP-B7
patients as compared with CP-B8 patients, the differ-
ence was not statistically significant (P=0.105).
Likewise, the ORR (38.8%) was significantly higher
in the mALBI (1+2a) group as compared with ORR
in the mALBI (2b+3) group (20.5%, P=0.009, Figure
2C). Regarding the association between HCC stage and
treatment response, ORR in BCLC-B patients (32.9%)
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Table 2A Comparison of Adverse Events According to CP Class
CP-A (n=126) CP-B (n=55) P value
Total treatment-related adverse events Any grade 124 (98.4%) 52 (94.5%) 0.165
Grade23 71 (56.3%) 25 (45.5%) 0.197
Decreased appetite Any grade 65 (51.6%) 38 (69.1%) 0.034
Grade23 13 (10.3%) 2 (3.6%) 0.156
Fatigue Any grade 62 (49.2%) 31 (56.4%) 0.42
Grade23 9 (7.1%) | (1.8%) 0.29
Proteinuria Any grade 54 (42.9%) 12 (21.8%) 0.007
Grade3 12 (9.5%) 0 (0.0%) 0.019
Hypertension Any grade 53 (42.1%) 21 (38.2%) 0.74
Grade23 7 (5.6%) 4 (7.3%) 0.74
Hand-foot skin reaction Any grade 45 (35.7%) 19 (34.5%) 1.00
Grade>3 7 (5.6%) 2 (3.6%) 0.73
Elevated aspartate aminotransferase Any grade 45 (35.7%) 14 (25.5%) 0.23
Grade23 6 (4.8%) | (1.8%) 0.68
Hypothyroidism Any grade 32 (25.4%) 12 (21.8%) 0.71
Grade23 3 (2.4%) | (1.8%) 1.00
Decreased platelet count Any grade 28 (22.2%) 7 (12.7%) 0.157
Grade23 9 (7.1%) 2 (3.6%) 0.51
Dysphonia Any grade 26 (20.6%) 8 (14.5%) 0.41
Grade23 0 (0.0%) 0 (0.0%) 1.00
Diarrhea Any grade 25 (19.8%) 19 (34.5%) 0.040
Grade23 3 (2.4%) [ (1.8%) 1.00
Constipation Any grade 18 (14.3%) 5 (9.1%) 0.47
Grade23 2 (1.6%) 2 (3.6%) 0.59
Increased serum bilirubin Any grade 15 (11.9%) 15 (27.3%) 0.016
Grade23 3 (2.4%) 2 (3.6%) 0.64
Weight loss Any grade 14 (11.1%) 10 (18.2%) 0.24
Grade23 | (0.8%) 0 (0.0%) 1.00
Abdominal pain Any grade 9 (7.1%) 6 (10.9%) 0.39
Grade23 2 (1.6%) 0 (0.0%) 1.00
Hepatic encephalopathy Any grade 4 (3.2%) 9 (16.4%) 0.003
Grade23 3 (2.4%) 3 (5.5%) 0.37
Bleeding symptoms Any grade 7 (5.6%) 5 (9.1%) 0.52
Grade23 7 (5.6%) 3 (5.5%) 1.00
Nausea Any grade 6 (4.8%) 5 (9.1%) 0.092
Grade23 | (0.8%) 0 (0.0%) 1.00
Vomiting Any grade 3 (2.4%) 7 (12.7%) 0.009
Grade23 0 (0.0%) 0 (0.0%) 1.00
Abbreviations: All values are expressed as the number (%)
Notes: C-P A, Child-Pugh grade A; C-P B, Child-Pugh grade B
Clinical and Experimental Gastroenterology 2020:13 submit your manuscript 389
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Table 2B Comparison of Adverse Events According to CP Class

CP-A (n=126) CP-B (n=55) F[k

Treatment Treatment interruption Treatment Treatment interruption

withdrawal or withdrawal withdrawal or withdrawal
Total treatment-related 50 (39.7%) 82 (65.1%) 23 (41.8%) 33 (60.0%) 0.87/0.74
adverse events
Decreased appetite 12 (9.5%) 13 (10.3%) 5 (9.1%) 5 (9.1%) 0.78/0.66
Proteinuria 8 (6.3%) 12 (9.5%) I (1.8%) 1 (1.8%) 0.28/0.042
Bleeding symptoms 6 (4.8%) 7 (5.6%) 3 (5.5%) 3 (5.5%) 171
Fatigue 4 (3.2%) 9 (7.1%) 3 (5.5%) 3 (5.5%) 0.44/0.56
Hepatic encephalopathy 3 (2.4%) 3 (2.4%) 4 (7.3%) 5(9.1%) 0.20/0.057
Hand-foot syndrome 5 (4.0%) 7 (5.6%) I (1.8%) 2 (3.6%) 0.67/1
Decreased platelet count | 4 (3.2%) 9 (7.1%) 0 (0.0%) 2 (3.6%) 0.32/0.51
Hypothyroidism 3 (2.4%) 3 (2.4%) 0 (0.0%) 1 (1.8%) 171
Diarrhea 1 (0.8%) 3 (2.4%) I (1.8%) 1 (1.8%) 0.52/1
Elevated aspartate 2 (1.6%) 6 (4.8%) 0 (0.0%) 1 (1.8%) 1/0.68
aminotransferase
Increased blood bilirubin 1 (0.8%) 3 (24%) I (1.8%) 2 (3.6%) 1/0.64
Hypertension 0 (0.0%) 7 (5.6%) I (1.8%) 4 (7.3%) 0.30/0.74
Other reasons 10 (7.9%) 18 (14.3%) 5(9.1%) 9 (16.4%) 0.78/0.82

Abbreviations: All values are expressed as number (%)

Notes: CP-A, Child-Pugh A; CP-B, Child-Pugh B *: P value of withdrawal between CP-A and B**: P value of interruption or withdrawal between CP-A and B

and BCLC-C (28.7%) patients were not significantly
different (P=0.52) (Figure 2D).

Factors Associated with Treatment

Response

To verify the ability of RDI to predict objective response
(OR), receiver operating characteristic (ROC) curve ana-
lysis of RDI was performed. Excluding 16 patients who
were not assessed by radiological evaluation and one
patient in whom we did not calculate RDI, we examined
the association between RDI and OR in 164 patients.
ROC curve analysis revealed an area under the ROC
(AUROC) of 0.68 and the optimal cut-off of 0.70 for
RDI, with 88.9% sensitivity and 66.7% specificity in
discriminating the OR group from the non-OR group

(Figure 3A). ORR in patients with an RDI of more than
0.70 was significantly higher than those in patients with
an RDI of less than 0.70 (47.7% vs 23.8%, P=0.002,
Figure 3B). RDI in CP-A patients (0.69) was significantly
higher than that in CP-B patients (0.50, P<0.001) (Figure
3C). RDI in patients with CP scores of 5, 6, 7 and 8 were
0.75, 0.67, 0.50 and 0.44, respectively (P<0.001)
(Supplementary Figure 1). Additionally, RDI declined
gradually in both CP-A and CP-B patients from the
start of treatment to 2 months later, as shown in
Figure 3D.

Furthermore, to evaluate the factors affecting lenvati-

nib response, the variables of interest (Table 3) were
included in multivariable analyses. We excluded mALBI
to avoid confounding with CP class. In multivariable ana-
lysis, CP-A (odds ratio, 2.72; 95% confidence interval
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Figure 2 Radiological response as assessed by modified Response Evaluation Criteria in Solid Tumors (mRECIST) according to Child-Pugh (CP) class (A), CP score (B),
modified albumin-bilirubin (mALBI)-grade (C) and Barcelona clinic liver cancer (BCLC) stage (D).
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not estimated.

(CI), 1.02-7.24; P=0.045), performance status (PS) (odds
ratio, 4.00; 95% CI, 1.18-13.5; P=0.026) and RDI (odds
ratio, 2.40; 95% CI, 1.07-5.39; P=0.034) were indepen-
dent factors associated with lenvatinib response.
Moreover, in CP-A patients, DCP (odds ratio, 2.72; 95%
CI, 1.02-7.13; P=0.045) was an independent factor asso-
ciated with lenvatinib response, while there were no fac-
tors associated with lenvatinib response in CP-B patients
(Supplementary Table 1A and B).

Analysis of Factors Affecting Overall
Survival Among Patients Receiving

Lenvatinib Treatment

We performed Kaplan-Meier estimates of OS according to
CP class, CP score, mALBI score, RDI and BCLC stage.
The median OS was 369 days (95% CI, range: 308 days —
NA). The OS of patients with scores of CP-A (1-year OS
68.3%) was longer as compared to those with scores of
CP-B (1-year OS 30.3%, P=0.002) (Figure 4A). Likewise,

the OS of patients with mALBI (1+2a) was longer as
compared to those with mALBI (2b+3) (P=0.003)
(Figure 4B). OS was found to correlate with CP score
(P=0.002) (Figure 4C); moreover, OS of patients with
scores of CP-A and those with a score of CP B7 (1-year
OS 59.2%) was longer as compared to those with CP
scores of B8 (1-year OS 34.8%, P=0.003) (Figure 4D).
The OS of patients with high RDI (>0.7) was higher as
compared to that of patients with low RDI (<0.7), but the
difference was statistically insignificant (P=0.051, data not
shown). The OS of patients with BCLC-C was worse than
that of patients with BCLC-B (P=0.001, Figure 4E). In
particular, in BCLC-C patients, OS of CP-B patients
(1-year OS 17.3%) was worse than that of CP-A patients
(1-year OS 55.4%, P=0.003, Figure 4F). In order to deter-
mine the association between AEs and OS, we performed
Kaplan-Meier estimates of OS in terms of the most fre-
quent AEs, ie, decreased appetite, fatigue, hypertension
and HFS, although the results revealed no significant
association between OS and these AEs (Supplementary
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Figure 3 Association between optimal relative dose intensity (RDI) and objective response (OR) following lenvatinib treatment. Receiver operating characteristic (ROC)
curve analyses of the RDI up to 8 weeks (A). Difference in OR according to RDI up to 8 weeks (B). Difference in RDI up to 8 weeks according to Child-Pugh (CP) class (C).
The box plots show the median and quartiles, and the whisker caps of the box plots show the mean |0th and 90th percentile values. RDI in CP-A and CP-B patients every
month from the start of treatment to 2 months later (D). AUROC, area under the ROC revealed by ROC curve analysis.

Figure 2A-D). (To resolve bias between the group with
and without the occurrence of AEs, we selected patients
who were administered lenvatinib for more than 2 months.
There were 151 such cases in this study.)

In multivariable analysis, CP class (hazard ratio (HR),
0.41; 95% CI, 0.21-0.78; P=0.007) and BCLC stage (HR,
0.35; 95% CI, 0.18-0.69; P=0.002) were significant pre-
dictive factors of OS in HCC patients receiving lenvatinib
treatment (Table 4).

Moreover, BCLC stage was independently related to
OS in both CP-A and CP-B patients (Supplementary Table
2A and B)

Discussion

In this retrospective study, we compared the clinical
benefits and incidence of AEs with lenvatinib therapy
among patients with HCC of different CP class. The

efficacy of lenvatinib has not been adequately proven
in patients with advanced HCC and a score of CP-B in
clinical trials. Hence, the utility of lenvatinib in patients
with advanced HCC and CP-B cirrhosis is an unresolved
issue. As far as we know, to date, this is the largest
study evaluating OS and AEs of lenvatinib in CP-B
patients with HCC.

Our results showed that OR in CP-A patients was
higher than that in patients with CP-B disease. These
results were probably related to the higher RDI and
lower frequency of AEs in CP-A patients. On the other
hand, multivariable analysis revealed that CP class was
related to OR regardless of RDI and AEs. In terms of the
incidence of lenvatinib-related AEs, decreased appetite,
diarrhea, vomiting and increased serum bilirubin level
were significantly higher in CP-B patients than in CP-A
patients. RDI was found to be significantly related to OR.
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Table 3 Factors Associated with Object Response
Factor Multivariable analysis

Odds Ratio 95%C.lI. P value

Age (years) <7l 1.24 0.56-2.77 0.59
Sex Male 0.8l 0.32-2.04 0.65
HCV status Positive 0.77 0.34-1.74 0.53
BMI (kg/m?) <232 0.58 0.26-1.27 0.174
Child-Pugh class A (vs. B) 2.72 1.02-7.24 0.045
PS 0 (vs. 1,2) 4.00 1.18-13.5 0.026
Extrahepatic metastasis Positive 1.08 0.31-3.73 0.90
MVI Positive 1.05 0.37-2.98 0.93
Patients with > 50% liver occupation Positive 291 0.66-12.8 0.157
BCLC stage B (vs. C) 1.91 0.53-6.84 0.32
Past history of TKI Experienced 2.23 0.74-6.75 0.155
Past history of TACE Experienced 0.85 0.33-2.24 0.75
AFP (ng/mL) <693 0.90 0.41-2.00 0.79
DCP (mAU/mL) <772 2.02 0.86-4.73 0.106
RDI >0.70 2.40 1.07-5.39 0.034

Abbreviations: HCV, hepatitis C virus; BMI, body mass index; PS, Eastern Cooperative Oncology Group performance status; MVI, major venous invasion; BCLC, Barcelona
clinic liver cancer; TKI, tyrosine kinase inhibitor; TACE, transcatheter arterial chemoembolization; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin; RDI,

relative dose intensity.

Recently, the dose-related therapeutic effects of lenvatinib
have been reported.”** We showed that ORR in patients
with an RDI at 8 weeks of more than 0.70 was remarkably
higher than ORR in patients with an RDI of less than 0.70,
which is similar to the results of other recent reports.”°
Although we did not explore the correlation between RDI
after 8 weeks and OR in this study, Sasaki et al reported
that RDI at 8 weeks is most useful for predicting OR
achievement as compared to other time points between
the start of therapy and 16 weeks later.” Based on our
results and previous reports, a high anti-tumor effect can
be expected if the 8-week RDI is sufficient.

In particular, RDI in CP-A patients was higher than in CP-
B patients. From the first administration of lenvatinib, the dose
of lenvatinib was reduced from 12 mg to 8 mg in patients with
CP-B whose body weight was over 60 kg. Furthermore,
because the frequency of the above-mentioned AEs were sig-
nificantly higher in CP-B than in CP-A patients, it was difficult
to maintain a high RDI in patients with CP-B. Although the
number of grade 3/4 AEs leading to treatment interruption and/
or withdrawal was not significantly different between CP-A
and CP-B patients, lenvatinib dose reduction was required
more frequently in CP-B than CP-A patients due to some
intolerable Grade 2 AEs. Therefore, RDI was significantly
higher in CP-A patients than in CP-B patients not only at the
start of lenvatinib therapy but also over the entire duration of
treatment. Therefore, the ORR in CP-A patients was higher

than that in CP-B patients. On the other hand, CP class was
related to OR regardless of RDI and AEs by multivariable
analysis. Lenvatinib undergoes hepatic metabolism (predomi-
nantly by CYP3A), which could potentially be influenced by
the presence of underlying liver disease.”' Although the reason
why CP class correlates with OR regardless of RDI or AEs
remains unclear, the difference in hepatic metabolism of len-
vatinib between CP-A and CP-B might influence OR. Further
investigations of the influence of hepatic impairment on lenva-
tinib pharmacokinetics are needed.

Moreover, our results showed that ORR in cases with
a CP score of B7 was over 20%, and that patients with a CP
score of B7 seemingly derive slightly higher clinical and
survival benefits from lenvatinib treatment than patients
with scores of B8. A CP score of B7 might represent a mild
decrease in serum albumin and mild hyperbilirubinemia
compared to a CP score of B8. Thus, u-HCC patients with
CP-B cirrhosis constitute a heterogeneous population.”> Our
results indicated that it is important to consider CP score
before lenvatinib treatment when determining the treatment
strategy, and that treatment in CP-B patients should be per-
formed discretely and that other treatments should be con-
sidered in patients with CP scores of B8 because of
insufficient OR and OS in CP-BS patients.

The post-lenvatinib treatments administered in this study,
which could have affected outcomes, are shown in
Supplementary Table 3. Sixty percent of CP-B patients
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Figure 4 Association between overall survival (OS) and several clinical factors. Kaplan-Meier analysis of 181 hepatocellular carcinoma (HCC) patients who received
lenvatinib treatment, stratified by Child-Pugh (CP) class (A), modified albumin-bilirubin (mALBI)-grade (B), CP score (C), CP score of 5-7 vs 8-9 (D) and Barcelona Clinic
Liver Cancer (BCLC) stage (E). Kaplan—Meier analysis of 99 BCLC-C HCC patients who received lenvatinib treatment stratified by C-P class (F).

received best supportive care post-lenvatinib treatment.

However, because of the short duration of observation and

the small number of cases that received post-lenvatinib treat-

ments, further evaluation is needed to clearly determine the

association between post-lenvatinib treatment and overall sur-

vival in CP-A patients.

Table 4 Factors Associated with Overall Survival Time

In this study, we also showed that BCLC stage was asso-

ciated with OS in multivariable analysis. Although ORR was
not significantly different between BCLC stage B and C, the
reason why OS of BCLC-C cases was much worse than that of
BCLC-B might be the aggressive behavior of BCLC-C grade
tumors. Based on these results, treatment of BCLC-C patients

Factor Multivariable analysis

HR 95%C.I. P value
Age (years) <7l 0.89 0.49-1.64 0.71
Child-Pugh class A (vs. B) 0.41 0.21-0.78 0.007
PS 0 (vs. 1,2) I.14 0.56-2.3 0.72
BCLC stage B (vs. C) 0.35 0.18-0.69 0.002
RDI >0.70 0.64 0.31-1.31 0.22

Abbreviations: HR, hazard ratio; PS, Eastern Cooperative Oncology Group performance status; BCLC, Barcelona clinic liver cancer; RDI, relative dose

intensity.
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should be performed discretely and with caution even if OR is
obtained at first radiological evaluation. Moreover, since the
prognosis is severe in BCLC-C with CP-B patients, other
treatments are desired in BCLC-C with CP-B patients.

This study has some limitations. First is the retrospec-
tive nature of this study. Additionally, this study was based
on multicenter data, and the mRECIST criteria are some-
times difficult to evaluate with consistent accuracy.
Second, the number of patients included in the CP-B7
and CP-B8 subgroups was relatively small, and, thus, the
study might not have had enough statistical power to
provide precise estimates. Based on these limitations, our
findings should be regarded as exploratory.

Conclusion

Lenvatinib treatment offers significant benefit in patients
with good liver function in real-world practice. The var-
ious characteristics identified in this study might be helpful
as clinical predictors of response to lenvatinib and survival
in field practice. Further studies are required to address
eligibility for lenvatinib treatment in CP-B7 patients.
Moreover, prospective studies are required to address
these
a multicenter setting using the same protocols.

limitations, by recruiting more patients in

Abbreviations

HCC, hepatocellular carcinoma; RECIST, response eva-
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