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Abstract

Background REFLECT was an open-label, phase 3 study

comparing the efficacy and safety of lenvatinib versus

sorafenib in patients with unresectable hepatocellular car-

cinoma (uHCC). Based on phase 2 study (Study 202)

results, body weight-based dosing for lenvatinib was used

in REFLECT to minimize dose disruptions and modifica-

tions needed to address dose-related adverse events. This

post hoc analysis of REFLECT data assessed lenvatinib

efficacy and safety by body weight group.

Methods The study randomly administered lenvatinib

(n = 476) or sorafenib (n = 475) to patients with untreated

(no prior systemic therapy) uHCC. Lenvatinib starting-

dose data were stratified by body weight: patients weigh-

ing\ 60 kg received 8 mg/day; patients weigh-

ing C 60 kg received 12 mg/day. Overall survival (OS),

progression-free survival (PFS), objective response rate,

and safety were assessed.

Results Survival outcomes and safety profiles appeared

similar between the two body-weight-based lenvatinib

starting-dose groups. Median OS for patients in the

\ 60 kg body weight group (n = 153) was 13.4 months

[95% confidence interval (CI) 10.5–15.7] compared to

13.7 months (95% CI 12.0–15.6) in the C 60 kg body

weight group (n = 325). In both lenvatinib groups, PFS

was 7.4 months (\ 60 kg group: 95% CI 5.4–9.2; C 60 kg

group: 95% CI 6.9–9.0). Treatment-emergent adverse

events (TEAEs) required dose modifications in 43.0% in

the\ 60 kg body weight group and 57.5% in the C 60 kg

body weight group.
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Conclusions This exploratory analysis of data from

REFLECT indicated that body weight-based lenvatinib

dosing in patients with uHCC was successful in main-

taining efficacy, with comparable rates of TEAEs and dose

modifications in the two body weight groups.

Clinincal trial Trial registration ID: ClinicalTrials.gov #

NCT01761266

Keywords REFLECT � Lenvatinib � Hepatocellular

carcinoma � Body weight � Dosing

Introduction

Hepatocellular carcinoma (HCC) is a major global cause of

cancer-related deaths [1, 2]. The worldwide estimate of

liver cancer mortality in 2018 was 8.2%, equating to

approximately 780,000 deaths [1]. Unfortunately, most

patients will eventually reach a stage of HCC when

potentially curative therapies such as resection or trans-

plantation are no longer clinically indicated [3].

At the time of the REFLECT study, sorafenib was the

only approved first-line systemic treatment for HCC, but

the approval of lenvatinib provided another option [2, 4, 5];

more recently atezolizumab in combination with beva-

cizumab became another front-line option [6]. Lenvatinib

is a multitargeted tyrosine kinase inhibitor of vascular

endothelial growth factor receptors 1–3, fibroblast growth

factor receptors 1–4, platelet-derived growth factor recep-

tor a, RET, and KIT [7–10]. Lenvatinib monotherapy is

approved for the treatment of patients with locally recur-

rent or metastatic, progressive, radioactive-iodine-refrac-

tory, differentiated thyroid cancer, and for the first-line

treatment of patients with unresectable HCC (uHCC) [4].

Lenvatinib is metabolized in the liver, and impaired hepatic

function in patients with uHCC may impact lenvatinib

metabolism; as such, dose adjustments based on weight are

required for this patient population [11].

Diseases of the liver pose a unique dilemma for dose

determination because many drugs are metabolized in the

liver, and impaired hepatic function can impact pharma-

cokinetic parameters. As specific measures do not currently

exist to estimate to what degree hepatic impairment might

affect these pharmacokinetic parameters, clinical studies in

patients with hepatic impairment are valuable in deter-

mining appropriate doses for this vulnerable population

[12]. The US Food and Drug Administration recommends

that a pharmacokinetic study be conducted in patients with

hepatic impairment if hepatic metabolism and/or excretion

pathways account for a substantial portion of the elimina-

tion process of a parent drug or active metabolite, or if the

drug has a narrow therapeutic range [12].

Previously, the phase 2 Study 202 (NCT00946153)

examined the efficacy and safety of lenvatinib in Asian

patients (N = 46) with HCC [13]. No differences have been

found in the metabolism of lenvatinib in Asian versus non-

Asian populations [14]. Although lenvatinib displayed

promising antitumor activity at the 12 mg/day dose, most

patients (74%) required a dose reduction to address

increased rates of adverse events. A correlation was found

between lower body weight and early study drug discon-

tinuation or a need for dose reduction of lenvatinib [13].

Pharmacokinetic results and exposure–response analyses of

data from patients with HCC who were enrolled in Study

202 showed that lower body weight was associated with

greater lenvatinib area under the plasma concentration–

time curve (AUC), and with dose reduction or earlier

treatment discontinuation [15]. Specifically, a relationship

was observed between treatment-emergent adverse events

(TEAEs) leading to dose reduction or discontinuation and

baseline body weight [15]. Taken together, data from these

pharmacokinetic simulations suggested a body weight-

based dose regimen in patients with HCC of lenvatinib

8 mg daily for patients weighing\ 60 kg and lenvatinib

12 mg daily for patients weighing C 60 kg [15].

This body-weight-based lenvatinib dose regimen was

used in REFLECT, a phase 3 study that assessed lenvatinib

as first-line therapy for patients with uHCC. In REFLECT,

lenvatinib treatment met the primary endpoint of noninfe-

riority to sorafenib in terms of overall survival (OS) [16].

In addition, lenvatinib treatment resulted in statistically

significant improvements in secondary endpoints (ie, PFS

and ORR) compared with sorafenib.

In this exploratory post hoc analysis, efficacy and safety

outcomes from the randomized phase 3 REFLECT trial

were analyzed by the lenvatinib starting dose, based on

patients’ body weights.

Methods

Study design

REFLECT was an international, randomized, phase 3, mul-

ticenter, open-label, noninferiority trial in patients with

uHCC [16]. Full details of the study design and methodology

for REFLECT have been reported previously (ClinicalTri-

als.gov number: NCT02501096) [16]. This post hoc analysis

focused on comparing safety and efficacy outcomes between

the two body weight-based lenvatinib dosing groups.

Patients

Briefly, 954 patients were randomly assigned using a 1:1

ratio to receive either lenvatinib or sorafenib in 28-day
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cycles. The starting dose for lenvatinib was based on body

weight: patients weighing C 60 kg (higher body-weight

group) received lenvatinib 12 mg/day and patients weigh-

ing\ 60 kg (lower body-weight group) received lenva-

tinib 8 mg/day. Patients randomly assigned to sorafenib

received 400 mg twice daily, with no weight stratification.

Eligible patients were C 18 years of age, had histolog-

ically or cytologically confirmed uHCC, C 1 measurable

target lesions [based on modified Response Evaluation

Criteria In Solid Tumors (mRECIST) assessment] [17],

Barcelona Clinic Liver Cancer (BCLC) stage B or C cat-

egorization, Child–Pugh A classification, Eastern Cooper-

ative Oncology Group performance status (ECOG PS) of 0

or 1, and systolic/diastolic blood pressure\ 150/90 mmHg.

Moreover, eligible patients were to have adequate bone

marrow, hepatic, renal, and pancreatic function. Adequate

hepatic function was defined as albumin level of C 2.8 g/

dL, bilirubin level of B 3.0 mg/dL, and aspartate amino-

transferase, alkaline phosphatase, and alanine aminotrans-

ferase levels of B 5 times the upper limit of normal [16].

Patients were excluded if they had previous systemic

therapy for HCC and C 50% liver occupation, bile duct

invasion, or portal vein invasion at the main portal branch

(Vp4). Patient stratification and treatment allocation were

based on region (Asia–Pacific or Western); macroscopic

portal vein invasion, extrahepatic spread, or both (yes or

no); ECOG PS (0 or 1); and body weight (\ 60 kg

or C 60 kg).

All patients in the original clinical study provided

written informed consent. The study protocol, protocol

amendments, and informed consent forms were reviewed

and approved by the relevant institutional review boards/

independent ethics committees. This study was conducted

in accordance with the principles of the Declaration of

Helsinki and Good Clinical Practice Guidelines.

Endpoints and clinical assessments

The primary endpoint in REFLECT was OS [16]. The

secondary efficacy endpoints included progression-free

survival (PFS) and objective response rate (ORR)

according to investigator-assessed mRECIST, time to

progression according to investigator-assessed mRECIST,

and lenvatinib pharmacokinetic exposure parameters.

Tumor measurements were performed every 8 weeks

using computed tomography or magnetic resonance

imaging, regardless of dose interruptions, and until radi-

ologic disease progression [16].

Findings for the primary and secondary endpoints and

safety assessments in REFLECT have been published

[16]. In this analysis, we assessed OS, PFS, ORR, time to

Child–Pugh score C 7, and safety according to patients’

body weights at baseline. Child–Pugh scores were

assessed at baseline, and then at the onset of each 28-day

treatment cycle.

Statistical analysis

OS was measured from the date of randomization until

the date of death from any cause. Patients who were lost

to follow-up were censored at the last date that the patient

was known to be alive, and patients who remained alive

were censored at the time of data cutoff. The median OS

was calculated for each treatment group and presented

with two-sided 95% confidence intervals (CIs). Kaplan–

Meier estimates of OS for each group were plotted over

time. The hazard ratio (HR) and corresponding CIs were

calculated using a Cox proportional hazard model and

stratified by the randomization stratification factors and

treatment group as a factor. PFS was defined as the time

from the date of randomization to the date of first docu-

mentation of disease progression or the date of death,

whichever occurred first; and was assessed using a strat-

ified log-rank test with randomization stratification fac-

tors, with the associated HR and 95% CI. Median PFS

values are presented with corresponding 2-sided 95% CIs.

ORR was determined using mRECIST as assessed by the

investigator, and statistical differences between treatment

groups were analyzed using the Cochran–Mantel–Haen-

szel chi-square test with randomization stratification fac-

tors as strata, tested at a 2-sided alpha level of 0.05. The

2-sided 95% CIs for the odds ratios (ORs) were calcu-

lated. Median time to dose reduction was generated based

only on patients who received a reduction. The 95% CI

was constructed with a generalized Brookmeyer and

Crowley method. REFLECT pharmacokinetic analyses

included determining the median and range of individual

AUCs at a steady state [16].

Results

Patient characteristics

Of the 954 patients randomly assigned in REFLECT, 951

received treatment (lenvatinib n = 476; sorafenib n = 475)

[16]. As previously reported, baseline patient characteris-

tics were similar between the lenvatinib and sorafenib

treatment groups, except for baseline hepatitis C etiology

and a-fetoprotein concentrations (Table 1) [16]. Patients

were predominantly male and approximately two-thirds

came from the Asia–Pacific region. Of patients receiving

lenvatinib, 151 patients were in the lower body-weight

group (\ 60 kg) and 325 patients were in the higher body-

weight group (C 60 kg). Baseline characteristics for

patients in the lower and higher body-weight groups
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(lenvatinib treatment only) were generally similar, except

for baseline hepatitis C etiology, region, and sex: while

26.5% of patients in the lower body-weight group had an

etiology of hepatitis C virus infection, fewer (15.4%)

patients in the higher body-weight group had this etiology;

when segregated by region, 86.1% of the patients from the

lower body-weight group and 58.8% of patients in the

higher body-weight group were from the Asia–Pacific

region; and a higher percentage of women was recorded in

the lower body-weight group (29.8%) compared with the

higher body-weight group (8.6%), although the overall

percentage of women in this study was small (15.3%).

Table 1 Baseline patient characteristics in REFLECT [16]

Characteristic Lenvatinib 8 mg

(n = 151)

Lenvatinib 12 mg

(n = 325)

Lenvatinib, overall

(n = 478)

Sorafenib 800 mg

(n = 476)

Median age, years (range) 65.0 (20–86) 62.0 (24–88) 63.0 (20–88) 62.0 (22–88)

Sex, n (%)

Male 106 (70.2) 297 (91.4) 405 (84.7) 401 (84.2)

Female 45 (29.8) 28 (8.6) 73 (15.3) 75 (15.8)

Regiona, n (%)

Western 21 (13.9) 134 (41.2) 157 (32.8) 157 (33.0)

Asia–Pacific 130 (86.1) 191 (58.8) 321 (67.2) 319 (67.2)

Bodyweight, n (%)

\ 60 kg 151 (100.0) 2 (0.6) 153 (32.0) 146 (30.7)

C 60 kg 0 323 (99.4) 325 (68.0) 330 (69.5)

ECOG PS, n (%)

0 93 (61.6) 211 (64.9) 304 (63.6) 301 (63.4)

1 58 (38.4) 114 (35.1) 174 (36.4) 175 (36.8)

Child–Pugh class, n (%)

A 151 (100.0) 322 (99.1) 475 (99.4) 471 (99.0)

B 0 3 (0.9) 3 (0.6) 5 (1.0)

Macroscopic portal vein invasion, extrahepatic

spread, or both, n (%)

Yes 105 (69.5) 223 (68.6) 329 (68.8) 336 (70.6)

No 46 (30.5) 102 (31.4) 149 (31.2) 140 (29.4)

BCLC stage, n (%)

B 32 (21.2) 71 (21.8) 104 (21.8) 92 (19.3)

C 119 (78.8) 254 (78.2) 374 (78.2) 384 (80.7)

Etiologyb, n (%)

Hepatitis B virus 83 (55.0) 167 (51.4) 251 (52.5) 228 (47.9)

Hepatitis C virus 40 (26.5) 50 (15.4) 91 (19.0) 126 (26.5)

Alcohol 6 (4.0) 30 (9.2) 36 (7.5) 21 (4.4)

Other 8 (5.3) 30 (9.2) 38 (7.9) 32 (6.7)

Unknown 14 (9.3) 48 (14.8) 62 (13.0) 69 (14.5)

Baseline a-fetoprotein concentration, n (%)

\ 200 ng/mL 80 (53.0) 174 (53.5) 255 (53.3) 286 (60.1)

C 200 ng/mL 71 (47.0) 150 (46.2) 222 (46.4) 187 (39.3)

Missing 0 1 (0.3) 1 (0.2) 3 (0.6)

This table includes data both from patients randomly assigned to study drugs and patients treated with study drugs. 478 Patients were randomly

assigned to receive lenvatinib but only 476 received treatment. 476 patients were randomly assigned to receive sorafenib but only 475 received

treatment

BCLC Barcelona Clinic Liver Cancer, ECOG PS Eastern Cooperative Oncology Group performance status
a‘‘Western region’’ consists of North America and Europe and also includes Russia and Israel; ‘‘Asia–Pacific region’’ consists of China, Hong

Kong, Japan, Korea, Malaysia, Philippines, Singapore, Taiwan, and Thailand
bBased on the combined data from HCC diagnosis and medical history. Patients may be counted in more than one category
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Efficacy

OS outcomes from REFLECT were comparable between

both lenvatinib starting dose groups and OS outcomes

were comparable for sorafenib, irrespective of patient

body-weight. The median OS duration for patients who

received lenvatinib in the lower body-weight group was

13.4 months (95% CI 10.5–15.7) and was 10.3 months

(95% CI 8.7–15.9) among patients who received sor-

afenib (HR 0.85, 95% CI 0.65–1.11). For patients in the

higher body-weight group who received lenvatinib the

median OS was 13.7 months (95% CI 12.0–15.6), and

12.5 months (95% CI 11.1–14.2) for patients who

received sorafenib (HR 0.95, 95% CI 0.79–1.14) (Fig. 1,

Supplemental Table 1). PFS outcomes were also com-

parable between lenvatinib starting dose groups. Patients

Sorafenib
Lenvatinib
Number of patients at risk:

Time (months)

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

P
ro

ba
bi

lit
y

Sorafenib: 12.5 (11.1–14.2)
Lenvatinib: 13.7 (12.0–15.6)
Median OS, months, (95% CI) 

HR (95% CI): 0.95 (0.79–1.14)

Sorafenib
Lenvatinib
Number of patients at risk:

0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

325 299 261 207 173 142 121 93 66 43 24 0
330 311 249 203 164 131 106 77 56 37 20 0

9 12 15 18 21 24 27 30 33 36 39 42

9 12 15 18 21 24 27 30 33 36 39 42

153 137 113 90 80 65 57 47 36 24 16 12 0
146 129 99 79 66 61 50 39 27 20 13

9 3 2
8 5 2

3 6

5 0

0 3 6

8 3 2 0

Time (months)

Sorafenib: 10.3 (8.7–15.9)
Lenvatinib: 13.4 (10.5–15.7)
Median OS, months, (95% CI) 

P
ro

ba
bi

lit
y

HR (95% CI): 0.85 (0.65–1.11)

a

b

Fig. 1 Kaplan–Meier estimates of overall survival in REFLECT, stratified by patient body weight (a\ 60 kg; b C 60 kg). a body

weight\ 60 kg; lenvatinib dose 8 mg/kg. b body weight C 60 kg; lenvatinib dose 12 mg/kg
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in both lenvatinib groups had a PFS duration of

7.4 months as measured by mRECIST per investigator

assessment (lower body-weight group, 95% CI 5.4–9.2;

higher body-weight group, 95% CI 6.9–9.0) (Fig. 2,

Supplemental Table 1).

ORRs, as measured by mRECIST per investigator

assessment, were also similar between lenvatinib

treatment groups: for patients in the lenvatinib lower

body-weight group, the ORR was 22.2% (95% CI

15.6–28.8) and the ORR for patients in the lenvatinib

higher body-weight group was 24.9% (95% CI 20.2–29.6)

(Supplemental Table 1).

Pharmacokinetic exposures for the median values and

ranges of AUC were similar between both lenvatinib body-

Sorafenib
Lenvatinib
Number of patients at risk:

0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
3 6 9 12 15 18 21 24 27 30 33 36 39 42

153 108 68 56 29 18 11 7 2 2 1 1 0 0 0
146 77 41 31 14 11 10 5 3 1 1 1 1 0 0

Sorafenib
Lenvatinib
Number of patients at risk:

325 237 155 116 77 51 33 21 12 7 3 1 0 0 0
330 185 99 63 42 30 23 17 11 8 3 1 1 0 0

P
ro

ba
bi

lit
y

1.0
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0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

P
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y

Time (months)

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42
Time (months)

Sorafenib: 3.7 (3.6–5.4)
Lenvatinib: 7.4 (6.9–9.0)
Median PFS, months, (95% CI) 

HR (95% CI): 0.69 (0.58–0.83)

Sorafenib: 3.6 (3.5–4.1)
Lenvatinib: 7.4 (5.4–9.2)
Median PFS, months, (95% CI) 

HR (95% CI): 0.61 (0.46–0.79)

a

b

Fig. 2 Kaplan–Meier estimates of progression-free survival in REFLECT, stratified by patient body weight (a\ 60 kg; b C 60 kg). a Body

weight\ 60 kg; lenvatinib dose 8 mg/kg. b Body weight C 60 kg; lenvatinib dose 12 mg/kg
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weight groups in REFLECT. In the lower body-weight

group, the median was 1820.2 ng 9 h/mL (range

704.8–4980.7) and in the higher body-weight group, the

median was 1996.0 ng 9 h/mL (range 925.5–5427.9) [16].

Safety

Rates of exposure to the study-drug were similar between

the two lenvatinib groups (Table 2). The median duration

of treatment was 5.6 months (range 0.1–33.7) in the len-

vatinib lower body-weight group and 6.3 months (range

0–35.0) in the lenvatinib higher body-weight group. Plan-

ned starting dose was achieved in a mean of 87.7% (stan-

dard deviation 19.84; median 100%) of patients in the

lenvatinib lower body-weight group, and in a mean of

87.5% (standard deviation 54.53; median 96.0%) of

patients in the lenvatinib higher body-weight group. Mean

dose intensities measured 8.0 mg/day/patient (range

2.1–8.0) in the lenvatinib lower body-weight group, and

11.5 mg/day/patient (range 1.7–120.0) the lenvatinib

higher body-weight group (Table 2).

Study discontinuation of lenvatinib because of treat-

ment-related TEAEs was reported for 10.6% of patients in

the lenvatinib lower body-weight group and 8.0% of

patients in the lenvatinib higher body-weight group

(Table 2). Among patients in the lenvatinib lower body-

weight group, treatment-related TEAEs led to dose

reduction or interruption in 43.0% of patients. In the len-

vatinib higher body-weight group, treatment-related

TEAEs resulted in dose reduction or interruption in 57.5%

of patients (Table 2). Among patients in either body-weight

group who experienced a lenvatinib dose reduction, the

median time to first dose reduction was 10.0 weeks

(interquartile range 3.4–22.3).

The five most common any-grade TEAEs (lower/higher

body weight group) associated with lenvatinib treatment

were hypertension (43.0%/41.8%), diarrhea (35.1%/40.3%),

decreased appetite (33.1%/34.5%), decreased weight

(28.5%/32.0%), and fatigue (27.8%/30.5%) (Table 3).

When adjusted by treatment duration, rates of TEAEs

were slightly lower in the lenvatinib lower body weight

group (Table 4): overall, TEAE rates were 18.26 episodes

per patient-year (EPY) in the lenvatinib lower body weight

group and 19.15 EPY in the lenvatinib higher body weight

group. For treatment-related TEAEs, patients in the

lenvatinib lower body weight group had a rate of 10.24

EPY, and a rate of treatment-related TEAEs of grade C 3

of 1.32 EPY; the rate of serious TEAEs was 1.19 EPY.

Patients in the higher body weight lenvatinib group showed

a numerically slightly increased rate of overall treatment-

related TEAEs (11.23 EPY), as well as numerically slightly

increased rates of treatment-related TEAEs grade C 3

(1.71 EPY) and serious TEAEs (1.29 EPY). Patients

receiving lenvatinib experienced a fatal TEAE at a rate of

0.19 EPY overall. In the lower body weight group, the rate

was 0.15 EPY, and in the higher body weight group, the

rate was 0.21 EPY (Table 4).

The effect of lenvatinib starting dose on liver function

was analyzed based on the length of time taken to develop

a Child–Pugh score of C 7 (Fig. 3) from baseline scores of

Table 2 Study-drug exposure and dose modifications due to TEAEs

Parameter Lenvatinib 8 mg

(n = 151)

Lenvatinib 12 mg

(n = 325)

Lenvatinib, overall

(n = 476)

Median duration of treatmenta, months (range) 5.6 (0.1–33.7) 6.3 (0–35.0) 5.7 (0–35.0)

Median dose intensity, mg/day/patient (range) 8.0 (2.1–8.0) 11.5 (1.7–120.0)b 8.9 (1.7–120.0)

Mean % of planned starting dose receivedc (standard deviation) 87.7 (19.84) 87.5 (54.53) 87.5 (46.40)

Patients with treatment-relatedd TEAEs leading to dose modifications, ne (%)f

Study-drug discontinuation 16 (10.6) 26 (8.0) 42 (8.8)

Study-drug dose reduction 42 (27.8) 134 (41.2) 176 (37.0)

Study-drug interruption 55 (36.4) 135 (41.5) 190 (39.9)

Study-drug dose reduction or interruption 65 (43.0) 187 (57.5) 252 (52.9)

This table includes only patients treated with lenvatinib (n = 476), not the entire randomized data set (n = 478)

TEAE treatment-emergent adverse event
aDuration of treatment (in months) = (date of last dose of study drug - date of first dose of study drug ? 1) 7 30.4375
bOne patient took a single dose of lenvatinib 120 mg and was subsequently removed from the study
cDefined as the actual dose received as a percentage of planned starting dose (without interruption or reduction). Calculated as cumulative total

dose divided by (planned starting daily dose 9 treatment duration in days)
dRelated TEAEs include TEAEs that were considered by the investigator to be possibly or probably related to study drug, or TEAEs with a

missing causality
ePatients may be counted in more than one subcategory
fPercentages are based on the total number of patients in the safety analysis set within the relevant treatment group
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either 5 or 6. For patients with a baseline Child–Pugh score

of 5, the median time (in weeks) to a Child–Pugh score

C 7 was not estimable (NE) (95% CI 51.9–NE) in the

lenvatinib lower body weight group, and NE (95% CI

92.1–NE) in the lenvatinib higher body weight group. For

patients with a baseline Child–Pugh score of 6, the median

time to a Child–Pugh score C 7 was 23.9 weeks (95% CI

4.1–64.1) in the lenvatinib lower body weight group, and

15.9 weeks (95% CI 8.0–28.0) in the lenvatinib higher

body weight group.

Discussion

This exploratory post hoc analysis used data from

REFLECT to examine the efficacy and safety profiles of

lenvatinib when patients were stratified by a body-weight-

adjusted starting dose (ie, patients weighing\ 60 kg

received lenvatinib 8 mg/day; those weighing C 60 kg

received lenvatinib 12 mg/day). The results indicate that

the efficacy of lenvatinib, as demonstrated by OS, PFS, and

ORR outcomes, was comparable between the two body

weight groups. Additionally, body weight did not appear to

impact sorafenib efficacy. The safety profiles among

patients who received lenvatinib were also comparable,

with generally similar TEAE rates and types between the

body weight groups. This confirms that the body weight-

based dosing regimen for lenvatinib is appropriate for this

indication, as there was no loss in efficacy with the lower

dose.

Prior to this analysis, the impact of body weight on

lenvatinib pharmacokinetics and safety was analyzed in

patients with HCC in Study 202 (N = 46) [13]. While

efficacy results were positive in Study 202 (median OS of

18.7 months), all patients exhibited at least 1 TEAE [13].

The most common TEAEs were hypertension (76%), pal-

mar-plantar erythrodysesthesia syndrome (65%), decreased

appetite (61%), and proteinuria (61%). Within Study 202, a

Table 3 Most common TEAEs ([ 15% in either lenvatinib group) in REFLECT—provided both by patient incidence (n, %) and by TEAE rate

(episodes/patient-year of treatment)

Preferred term Lenvatinib

8 mg (n = 151)

n (%)a

Lenvatinib

12 mg

(n = 325)

n (%)a

Lenvatinib,

overall

(n = 476)

n (%)a

Lenvatinib

8 mg (n = 151)

TEAE rate

(episodes/P-Y)b

Lenvatinib

12 mg (n = 325)

TEAE rate

(episodes/P-Y)b

Lenvatinib,

overall (n = 476)

TEAE rate

(episodes/P-Y)b

Any TEAE 151 (100.0) 319 (98.2) 470 (98.7) 18.26 19.15 18.89

Hypertension 65 (43.0) 136 (41.8) 201 (42.2) 0.79 0.78 0.78

Diarrhea 53 (35.1) 131 (40.3) 184 (38.7) 1.06 0.99 1.01

Decreased appetite 50 (33.1) 112 (34.5) 162 (34.0) 0.63 0.59 0.60

Decreased weight 43 (28.5) 104 (32.0) 147 (30.9) 0.50 0.51 0.51

Fatigue 42 (27.8) 99 (30.5) 141 (29.6) 0.52 0.47 0.48

Proteinuria 37 (24.5) 80 (24.6) 117 (24.6) 0.56 0.48 0.50

PPES 35 (23.2) 93 (28.6) 128 (26.9) 0.38 0.46 0.44

Dysphonia 28 (18.5) 85 (26.2) 113 (23.7) 0.30 0.45 0.40

Decreased platelet count 26 (17.2) 61 (18.8) 87 (18.3) 0.35 0.37 0.36

Hypothyroidism 25 (16.6) 53 (16.3) 78 (16.4) 0.26 0.24 0.24

Nausea 24 (15.9) 69 (21.2) 93 (19.5) 0.32 0.36 0.35

Pyrexia 24 (15.9) 45 (13.8) 69 (14.5) 0.29 0.23 0.25

Increased blood bilirubin 23 (15.2) 48 (14.8) 71 (14.9) 0.33 0.29 0.30

Peripheral edema 23 (15.2) 43 (13.2) 66 (13.9) 0.24 0.27 0.26

Vomiting 22 (14.6) 55 (16.9) 77 (16.2) 0.32 0.33 0.33

Abdominal pain 19 (12.6) 62 (19.1) 81 (17.0) 0.22 0.38 0.33

Constipation 19 (12.6) 57 (17.5) 76 (16.0) 0.21 0.30 0.27

This table includes only patients treated with lenvatinib (n = 476), not the entire randomized data set (n = 478). For patient incidence (%),

patients with two or more TEAEs in the same preferred term were counted only once; for TEAE rates, multiple episodes of the same adverse

event in each patient were all counted

PPES palmar-plantar erythrodysesthesia syndrome, P-Y patient-year; TEAE treatment-emergent adverse event
aPercentages are based on the total number of patients in the safety analysis set within the relevant treatment group
bTEAE rate (episode/patient-year) = total occurrence of TEAE episodes (n) divided by total duration in each treatment group
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high percentage of patients (74%) required a dose reduc-

tion, and 22% of patients discontinued lenvatinib treatment

due to adverse events. Furthermore, 48% of patients

experienced a dose reduction or discontinuation as a result

of a TEAE\ 30 days after the onset of lenvatinib treat-

ment [13].

Further exploration of this situation suggested that low

body weight could be a risk factor for early study-drug

Table 4 Summary of TEAEs, adjusted by treatment duration

Parametera Lenvatinib 8 mg

(n = 151; total durationb

= 95.1 years)

TEAE rate

Lenvatinib 12 mg

(n = 325; total

durationb = 229.1 years)

TEAE rate

Lenvatinib, overall

(n = 476; total

durationb = 324.2 years)

TEAE rate

Any TEAE episodes, adjusted by P-Y 18.26 19.15 18.89

Related TEAE episodesc, adjusted by P-Y 10.24 11.23 10.94

Related TEAEs with worst CTCAE

grade of C 3, adjusted by P-Y

1.32 1.71 1.59

Any serious TEAE episodes,

adjusted by P-Y

1.19 1.29 1.26

Fatal TEAE episodes, adjusted by P-Yd,e 0.15 0.21 0.19

Nonfatal serious TEAE episodes,

adjusted by P-Y

1.14 1.18 1.17

This table includes only patients treated with lenvatinib (n = 476), not the entire randomized data set (n = 478)

CTCAE common terminology criteria for adverse events, P-Y patient-year, TEAE treatment-emergent adverse event
aTEAE rate (episode/P-Y) = total occurrence of TEAE episodes (n) divided by total duration in each treatment group
bTotal duration = sum of treatment time (in years) for all patients in each treatment group (including dose interruptions)
cRelated TEAEs include TEAEs that were considered by the investigator to be possibly or probably related to study drug, or TEAEs with a

missing causality
dPatients with fatal TEAEs may also have reported nonfatal serious TEAEs
eFatal TEAE episodes are counted only once per patient, if more than one fatal TEAE was reported for the same patient

CP-5: Lenvatinib (8 mg)
CP-5: Lenvatinib (12 mg)

CP-5: Sorafenib
CP-6: Lenvatinib (8 mg)

CP-6: Lenvatinib (12 mg)
CP-6: Sorafenib

 111 89 62 47 35 23 16 15 8 7 3 2 1 1 1 0 0 0
 255 192 155 122 89 63 48 36 22 17 13 8 4 3 1 1 0 0
 356 230 139 100 61 39 36 31 23 18 14 11 6 5 3 2 1 0
 40 12 10 7 5 4 3 1 0 0 0 0 0 0 0 0 0 0
 67 34 22 14 6 4 3 2 1 1 0 0 0 0 0 0 0 0
 114 55 30 21 15 9 5 3 3 2 1 1 0 0 0 0 0 0

Sorafenib: 23.7 (15.9–31.9)
Lenvatinib (12 mg): 15.9 (8.0–28.0)
Lenvatinib (8 mg): 23.9 (4.1–64.1)
Median, weeks (95% CI)
Baseline Child-Pugh Score = 6

Sorafenib: NE (80.3–NE)
Lenvatinib (12 mg): NE (92.1–NE)
Lenvatinib (8 mg): NE (51.9–NE)
Median, weeks (95% CI)
Baseline Child-Pugh Score = 5
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Fig. 3 Kaplan–Meier estimates of time to reach a Child–Pugh score of C 7, from baseline score of 5 or 6, following lenvatinib (two dose levels,

assigned according to patient body weight) or sorafenib treatment
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dose reduction, which led to a pharmacokinetic analysis in

patients with HCC to determine the optimal dose of len-

vatinib [15]. This analysis revealed that when dosing was

adjusted for body weight (patients weighing\ 60 kg

received a starting dose of 8 mg/day lenvatinib, while

patients weighing C 60 kg received a starting dose of

12 mg/day lenvatinib), the AUC between the two groups

was similar. Using data from Study 202, correlations

between rates of dose reduction or discontinuation and

factors including body weight and body surface area were

assessed. Ultimately the results of Study 202 [13] and the

pharmacokinetic data [15] led to the decision to implement

body weight-based dosing in REFLECT due to its clinical

versatility. The goal of body weight-based dosing was to

maintain efficacy while decreasing study-drug-related

adverse events.

In support of the use of body weight-based lenvatinib

dosing in patients with uHCC, efficacy and safety findings

in REFLECT were similar between the two lenvatinib

dosing groups. The primary endpoint of this analysis of

data from REFLECT was OS, and median OS durations

were similar in both lenvatinib groups (13.4 months in the

lower body weight group, 13.7 months in the higher body

weight group) (Fig. 1). Additionally, the TEAE profiles

were also similar between the lenvatinib groups, with the

five most common types of events in each group being

hypertension, diarrhea, decreased appetite, decreased

weight, and fatigue (Table 3). In REFLECT, 27.8% of

patients in the lenvatinib lower body weight group and

41.2% of patients in the lenvatinib higher body weight

group underwent dose reductions (Table 2). Treatment-

related TEAEs led to lenvatinib discontinuation in 10.6%

of patients in the lower body weight group and 8.0% in the

higher body weight group. When the higher body weight

group of REFLECT was analyzed further in a post hoc

analysis specifically examining patients with body

weights[ 80 kg, the efficacy (PFS by investigator-asses-

sed mRECIST 9.2 months; OS 14.9 months) and safety

profiles of lenvatinib in this group were comparable to

those of patients within the current study [18].

While data from Study 202 were used to support the

lenvatinib dose regimen utilized in REFLECT, there are

several key differences in baseline patient characteristics.

REFLECT was a phase 3 study with most patients (n = 476

patients who received lenvatinib) coming from two regions

(Table 1). Approximately two-thirds of all patients were

from the Asia–Pacific region. In contrast, all patients in

Study 202 were from either Japan (n = 43) or South Korea

(n = 3) [13]. Most patients from Study 202 had an etiology

of hepatitis B (35%) or C (45%), and 15% had an etiology

of alcohol; one patient (5%) had an unknown etiology [13].

Within the lenvatinib arm of REFLECT, baseline charac-

teristics were similar between the lenvatinib dosing groups,

including measurements of disease severity such as ECOG

PS and BCLC. Among all patients receiving lenvatinib,

approximately 60% had an ECOG PS of 0, while approx-

imately 80% of patients were assessed as having a BCLC

rating of stage C. However, in Study 202, 83% of patients

had an ECOG PS of 0, and 59% had a BCLC rating of

stage C [13]. Finally, patients were excluded from

REFLECT if they had received prior systemic therapy for

HCC, whereas in Study 202 some patients had received

prior chemotherapy (13% had received sorafenib, 11% had

received other systemic chemotherapy, and 11% had

received hepatic intra-arterial chemotherapy [13]).

Discussion regarding oncology treatment dose selection

has indicated that dosing assessment should be an ongoing

process, with adjustments made based on indications and

special populations [19]. Pharmacokinetic evaluation is

particularly valuable in these assessments because it can

determine the balance between peak efficacy and adverse

events [19]. The pharmacokinetic analysis conducted to

determine the optimal lenvatinib dose regimen for patients

with uHCC used in REFLECT is one such example of the

need for, and effectiveness of, these assessments [15].

To our knowledge, REFLECT was the first phase 3 trial

of patients with advanced HCC that utilized body weight-

based dosing with a multikinase inhibitor [16] and, thus

could provide valuable information for future clinical trials

and study-drug administration procedures. In addition to

the pharmacokinetic analysis demonstrating comparable

lenvatinib AUC between the two body weight groups [16],

the similar efficacy and safety results between the two body

weight groups presented in this post hoc analysis of data

from REFLECT support the use of a body weight-adjusted

lenvatinib dosing regimen for patients with uHCC.
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