
Abstract. Background/Aim: Lenvatinib, a multitargeted
tyrosine kinase inhibitor, was recently approved for
hepatocellular carcinoma (HCC) treatment in Japan;
however, the association between proteinuria following
lenvatinib administration in HCC patients and early
mortality is unknown. This study aimed to examine the
association between nephrotic-range proteinuria (NRP) and
mortality and evaluated the risk factors for NRP among
Japanese HCC patients treated with lenvatinib. Patients and
Methods: We retrospectively analyzed 45 consecutive
patients receiving lenvatinib from 2018-2019. Primary
outcome was overall survival. Cox proportional hazards
regression was used to evaluate the association between
NRP and overall survival. Logistic regression analyses were
used to identify NRP risk factors after lenvatinib initiation.
Results: The median age was 66 years, 56% were women,
and 20% had pre-existing proteinuria. During a 1-year
median follow-up, 24 died, and 5 developed NRP.
Univariable logistic regression showed that pre-existing
proteinuria was associated with higher NRP risk; however,
the association was not significant after covariate
adjustment. Following multivariable Cox analysis, NRP did
not affect overall survival in advanced HCC patients
receiving lenvatinib. Conclusion: Urinalysis findings should
be monitored regularly in patients receiving lenvatinib
because NRP incidence was comparable to that of prior

studies. Identifying the predictors of NRP after lenvatinib
initiation warrants further investigation.

Hepatocellular carcinoma (HCC) is one of the most common
causes of cancer-related deaths worldwide (1). The treatment
of HCC has dramatically changed with the introduction of
molecular-targeted agents, such as lenvatinib and sorafenib (2-
4). Lenvatinib, an oral multi-kinase inhibitor of vascular
endothelial growth factor receptor 1-3, platelet-derived growth
factor receptor α, fibroblast growth factor receptor 1-4, and
RET and KIT proto-oncogenes, demonstrated non-inferiority
to sorafenib in terms of overall survival and progression-free
survival among patients with advanced HCC, and it was
approved in Japan for advanced HCC in March 2018 (4, 5).
Common adverse effects associated with lenvatinib include
diarrhea, fatigue, rash, and hand-foot syndrome, while
nephrotic-range proteinuria (NRP) has also been reported in
some patients (4, 6-9). Since most of the data regarding the
incidence of NRP were derived from randomized clinical trials
(4, 6), the association between NRP and overall survival
among patients with advanced HCC receiving lenvatinib in a
real-world setting is unknown. Therefore, we conducted a
single-centre retrospective observational study to investigate
the association between NRP after lenvatinib initiation and
overall survival and identify the risk factors for NRP in
Japanese patients with advanced HCC treated with lenvatinib.
This study contributes new knowledge regarding the adverse
effects of lenvatinib, which is used to improve the
management of patients with advanced HCC.

Patients and Methods
Patients and study design. This was a single-centre, retrospective
observational study based on clinical data collected at the Teine
Keijinkai Medical Center, a 650-bed tertiary reference centre, in
Sapporo, Hokkaido, Japan. We included consecutive patients with
unresectable HCC diagnosed and staged according to the Liver Cancer
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Study Group of Japan (10). Other inclusion criteria were age ≥18 years
and patients who were receiving lenvatinib between September 1,
2018 and December 31, 2019. Similarly, we restricted the analytic
sample to patients with at least 1 month of follow-up from the
initiation of lenvatinib. Lenvatinib was administered at 12 mg/day if
the body weight was <60 kg or 8 mg/day if the body weight was ≥60
kg. Dose adjustments followed by reductions to 8 mg/day, 4 mg/day,
or 4 mg every other day were allowed when a patient experienced an
adverse event of grade 3 or above, and lenvatinib was resumed when
adverse effects improved to grade 1 or 2. Adverse effects were graded
based on the Common Terminology Criteria for Adverse Effects
version 4.0 (11). This study was conducted in compliance with the
Declaration of Helsinki and approved by the Institutional Review
Board of Teine Keijinkai Medical Center (approval number 2-019169-
00). Written informed consent was obtained from all patients at the
start of the treatment but was not required for the analyses because
this was a retrospective study. This study was conducted and reported
according to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines (12).

Exposures. The primary exposure of interest was NRP, which was
defined as the first record of urine protein to creatinine ratio of >3
g/gCr or a urine protein dipstick indicator of ≥4+ after lenvatinib
initiation based on the Kidney Disease: Improving Global Outcomes
clinical practice guidelines for glomerulonephritis (13). After the

initiation of lenvatinib, proteinuria was measured at every scheduled
visit of each patient.

Outcome. The primary outcome evaluated was the overall survival
time, which was defined as the time from the initiation of lenvatinib
treatment to the date of death or the patient’s last follow-up.

Covariates. We collected data on covariates by reviewing patient
medical records. Patient characteristics included age, sex, body mass
index, comorbidities (hypertension, diabetes mellitus, heart failure, and
chronic kidney disease), ECOG-PS score, (14) causes of HCC (hepatitis
C, hepatitis B, and other causes), macrovascular invasion, extrahepatic
spread, and prescribed medications (non-steroidal anti-inflammatory
drugs and RASi). Previous treatment outcomes, including sorafenib and
transcatheter arterial chemoembolization, were also recorded.
Laboratory data were based on the first measurement after 1 month of
lenvatinib initiation and included total bilirubin levels, serum albumin,
prothrombin time using the international normalized ratio, alpha-
fetoprotein, sCr, estimated glomerular filtration rate (eGFR), which was
calculated using the three-variable equation for Japanese individuals
(15), and pre-existing grade 1 proteinuria, which was defined as a urine
protein to creatinine ratio of >0.3 g/gCr or urine protein dipstick of ≥1+
(11). Hypertension was defined as a systolic blood pressure ≥140
mmHg, a diastolic blood pressure ≥90 mmHg, or antihypertensive drug
use. Diabetes mellitus was defined as a hemoglobin A1c level of ≥6.5%
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Table I. Baseline characteristics of the study participants according to nephrotic-range proteinuria.

All (n=45) Non-NRP (n=40) NRP (n=5) p-Value

Age, year [median (25% 75%] 66 [55, 72] 66 [55, 72] 69 [66, 73] 0.24
Gender (%) 25 (56) 22 (55) 3 (60) 1.00
BMI, kg/m2 [median (25%, 75%)] 23.1 [21.5, 25.0] 23.1 [21.5, 25.0] 21.6 [20.3, 25.0] 0.59
Hypertension, n (%) 29 (64) 24 (60) 5 (100) 0.14
Diabetes mellitus, n (%) 14 (31) 13 (33) 1 (20) 1.00
Heart failure, n (%) 4 (9) 2 (5) 2 (40) 0.01
Chronic kidney disease, n (%) 18 (40) 16 (40) 2 (40) 1.00
ECOG-PS (0, 1, ≥2) 20 (44), 5 (12), 20 (44) 17 (42), 4 (10), 19 (48) 3 (60), 1 (20), 1 (20) 0.32
Etiology, n (%) (HBV, HCV, Others) 4 (9), 40 (89), 1 (2) 3 (8), 36 (90), 1 (2) 1 (20), 4 (80), 0 0.61
Macrovascular invasion, n (%) 23 (51) 21 (53) 2 (40) 0.60
ACE inhibitor, n (%) 6 (13) 5 (13) 1 (20) 0.53
ARB, n (%) 21 (47) 18 (45) 3 (60) 0.65
NSAIDs, n (%) 3 (7) 3 (8) 0 1.00
Prior treatment with sorafenib, n (%) 14 (31) 13 (33) 1 (20) 1.00
Transcatheter arterial chemoembolization, n (%) 27 (60) 23 (58) 4 (80) 0.63
Total bilirubin, mg/dl [median (25%, 75%)] 0.7 [0.5, 1.0] 0.7 [0.5,1.0] 0.5 [0.4, 1.0] 0.46
Serum albumin, g/dl [median (25%, 75%)] 3.8 [3.4, 4.1] 3.9 [3.4, 4.1] 3.7 [3.6, 4.0] 0.64
Prothrombin time, % [median (25%, 75%)] 87.5 [81.4, 96.3] 85.3 [78.7, 95.7] 97.9 [91.4, 98.3] 0.11
Baseline AFP, IU/ml [median (25%, 75%)] 120 [8.3, 356] 88 [8.4, 223] 172 [6.4, 847] 0.42
Serum creatinine, mg/dl [median (25, 75%)] 0.78 [0.65, 0.96] 0.77 [0.64, 0.95] 0.93 [0.77, 1.20] 0.02
eGFR, ml/min/1.73 m2 [median (25%, 75%)] 66 [52, 83] 68 [52, 85] 62 [46, 76] 0.15
Pre-existing proteinuria, n (%) 9 (20) 6 (15) 3 (60) 0.02
Child-Pugh class, n (%) (A, B) 41 (91), 4 (9) 36 (90), 4 (10) 5 (100), 0 0.76
ALBI grade, n (%) (1, 2, 3) 21 (47), 21 (47), 3 (8) 19 (48), 18 (45), 3 (7) 2 (40), 3 (60), 0 0.90
TNM stage, n (%) (II, Ⅲ, ⅣA, ⅣB) 4 (9), 1 (2), 9 (20), 31 (69) 3 (8), 1 (3), 9 (23), 27 (66) 1 (20), 0, 0, 4 (80) 0.79

BMI: Body mass index; ECOG-PS: Eastern Cooperative Oncology Group performance status; eGFR: estimated glomerular filtration rate; HBV:
hepatitis B virus; HCV: hepatitis C virus; ACE inhibitor: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker; NSAID:
non-steroidal anti-inflammatory drug; NRP, nephrotic-range proteinuria; AFP: alpha-fetoprotein; ALBI grade: albumin-bilirubin grade; TNM grade:
tumor node metastasis stage.
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(16) or the use of anti-diabetic drugs. CKD was defined as an eGFR
<60 ml/min/1.73 m2 for >3 months before the start of lenvatinib. We
evaluated hepatic reserves using the Child-Pugh class and ALBI grade
(17). HCC was staged according to the Liver Cancer Study Group of
Japan (10). Similarly, other lenvatinib-related adverse events, including
fatigue, hand-foot skin reaction, appetite loss, thrombocytopenia,
diarrhea, and rash, were recorded according to the Common
Terminology Criteria for Adverse Effects version 4.0 (11).

Statistical analysis. All analyses were performed using STATA
version 15.1 (Stata Corp LLC, College Station, TX, USA). We
compared baseline characteristics between patients who developed
NRP and those who did not develop NRP using the chi-squared test
for categorical variables, Student’s t-test for normally distributed
continuous variables, and Wilcoxon rank-sum test for non-normally
distributed continuous variables. Kaplan-Meier curve analyses, with
the log-rank test, were performed to compare the overall survival
between patients who developed NRP and those who did not.
Additionally, univariable and multivariable Cox proportional hazard
analyses were performed to estimate the hazard ratio and 95%
confidence interval (CI) for all-cause mortality. Independent variables
analyzed by Cox proportional hazard models included NRP, age,
chronic kidney disease, Child-Pugh class, cancer stage, (10) and
ECOG-PS, (14) and were selected based on previous studies (6, 18-
21) and our clinical experience. All variables used in the univariate
analyses were incorporated into the multivariable analysis as
independent variables. Additionally, we performed univariable and
multivariable logistic regression analyses to identify the risk factors
for NRP. Odds ratios and corresponding 95%CIs were calculated.
Based on previous studies (18, 19, 21), we selected pre-existing
proteinuria, age, RASi, CKD, hypertension, and diabetes mellitus as
independent variables in the logistic regression analyses. All variables
used in the univariable analyses were incorporated into the
multivariable analysis as independent variables. A two-sided p-value
<0.05 was considered statistically significant. Due to the limited
sample size, subgroup and sensitivity analyses were not performed.

Results

Baseline characteristics of the study population. In total, 46
consecutive patients who were administered lenvatinib
between September 1, 2018 and December 31, 2019 were

potentially eligible for the study, and 45 patients were included
in our analyses after excluding one patient with less than 1
month of follow-up data. The median age was 66 [interquartile
range (IQR)=55-72] years, 56% of the patients were women,
and 20% had pre-existing proteinuria. Fourteen patients (31%)
received sorafenib prior to lenvatinib treatment. Patients who
developed NRP were more likely to have heart failure and pre-
existing proteinuria and had higher serum creatinine (sCr)
levels than patients who did not develop NRP. Other
parameters, including the Child-Pugh class, the albumin-
bilirubin (ALBI) grade, and the TNM grade did not differ
significantly between the two groups (Table I).

Overall survival. During a median follow-up of 1 year
(IQR=0.6-2.6 years), 25 patients died (56%). The Kaplan-
Meier survival analysis between the NRP and the non-NRP
group showed that overall survival was not statistically
different between the two groups (log-rank test, p=0.4329)
(Figure 1). In univariable Cox proportional hazard analyses,
NRP was not associated with overall survival. A similar
result was observed in the multivariable analysis, which was
adjusted for age, chronic kidney disease (CKD), Child-Pugh
class, TNM stage, and Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) (Table II).

Risk factors for NRP with lenvatinib. NRP occurred in five
patients (11%) at a median of 5 months (IQR=3.1-12.0
months) after the initiation of lenvatinib; therefore, lenvatinib
was discontinued in all patients with NRP. Univariable
analyses revealed that pre-existing proteinuria was associated
with a higher risk of NRP development. However, the
multivariable analysis failed to demonstrate any significant
clinical factors associated with NRP (Table III).

Other adverse events. Twenty-three patients (50%) developed
adverse events other than NRP. Fatigue was the most common
adverse event (10 events), followed by hand-foot skin
reactions (6 events), and appetite loss (2 events; Table IV).

Table II. Clinical factors affecting all-cause mortality.

Univariable Multivariable

Hazard ratio 95%CI p-Value Hazard ratio 95%CI p-Value

NRP 0.55 0.12-2.52 0.44 0.86 0.15-4.93 0.86
Age 1.01 0.97-1.05 0.66 1.01 0.95-1.07 0.83
CKD 1.04 0.32-3.39 0.95 0.68 0.12-3.74 0.66
Child-Pugh class 1.30 0.16-10.6 0.81 0.82 0.09-7.62 0.87
TNM stage 0.83 0.46-1.52 0.55 0.78 0.41-1.48 0.45
ECOG-PS 1.57 0.89-2.79 0.12 1.63 0.79-3.39 0.19

CI: Confidence interval; CKD: chronic kidney disease; ECOG-PS: Eastern Cooperative Oncology Group performance status; NRP: nephrotic-range
proteinuria; TNM stage: tumor, node, metastasis stage.



Discussion

In this single-centre observational study of Japanese patients
with HCC treated with lenvatinib, we showed that NRP
development after lenvatinib initiation was not significantly
associated with overall survival. In unadjusted logistic
regression analysis, patients with pre-existing proteinuria had
an 8.5-times higher risk of NRP development during
treatment; however, this association was not observed after
adjusting for age, renin-angiotensin system inhibitors
(RASi), CKD, and diabetes mellitus.

Our study is unique because, to the best of our
knowledge, this is the first study assessing the association

between NRP development during treatment and overall
survival in patients with HCC receiving lenvatinib. Indeed,
a recent meta-analysis revealed that lenvatinib was
associated with a 4.1-times increased risk of developing
high-grade proteinuria compared to other vascular
endothelial growth factor receptor-tyrosine kinase inhibitors;
however, the effect of lenvatinib-associated proteinuria on
overall survival was not evaluated (18). Additionally,
previous studies have reported several prognostic factors for
progression-free survival, including age, tumor stage, Child-
Pugh class, and performance status (6, 19, 20). However, in
the present study, none of these factors was significantly
associated with overall survival. Thus, to elucidate the
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Figure 1. Kaplan-Meier curves showing mortality in the nephrotic and the non-nephrotic groups.

Table III. Clinical factors associated with the incidence of nephrotic-range proteinuria.

Univariable Multivariable

Odds ratio 95%CI p-Value Odds ratio 95%CI p-Value

Pre-existing proteinuria 8.50 1.16-62.1 0.04 8.55 0.67-109 0.10
Age 1.06 0.96-1.17 0.24 1.14 0.95-1.38 0.25
RAS inhibitors 3.27 0.34-31.9 0.31 0.90 0.65-17.6 0.94
CKD 1.00 0.15-6.67 1.00 0.40 0.03-4.92 0.47
Hypertension 1.00 0.11-6.12 1.00 1.00 0.17-3.99 0.99
Diabetes mellitus 0.52 0.05-5.12 0.57 0.19 0.10-3.76 0.28

CI: Confidence intervals; RAS inhibitors: renin-angiotensin system inhibitors; CKD: chronic kidney disease.
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association between NRP development during treatment and
overall survival in HCC patients receiving lenvatinib,
multicenter prospective studies with larger sample sizes are
required in the future.

Our study showed that the rate of NRP development during
treatment in patients with HCC receiving lenvatinib was 11%,
which was consistent with the results of previous studies (4,
7-9, 20). A phase III randomized controlled trial showed that
the incidence of grade 3-4 proteinuria associated with
lenvatinib was 6%, (4) and other studies have demonstrated
that the rate of grade 3-4 proteinuria ranged from 5 to 10% (7-
9, 20). Pre-existing proteinuria, hypertension, diabetes
mellitus, and CKD have been reported as potential predictors
of proteinuria during treatment with vascular endothelial
growth factor-targeted therapy (19, 21). Similarly, a significant
association was not observed between pre-existing proteinuria
and NRP development during treatment, after adjustment for
clinical factors. This discrepancy may be due to the
differences in the study populations and definitions of
outcomes. Specifically, the aforementioned studies (19, 21)
enrolled patients with metastatic renal cell carcinoma treated
with sunitinib or pazopanib, whereas our study included
patients with advanced HCC receiving lenvatinib.

The precise mechanism of proteinuria in patients treated
with lenvatinib is yet to be elucidated; however, several
potential mechanisms have been proposed (18, 22-26). One
possibility is that arterial hypertension may cause an
increase in intraglomerular pressure that worsens proteinuria
(18, 22). However, this has been challenged by the results
of a study using a mouse model, which demonstrated that
podocyte damage induced by reduced expression of vascular
endothelial growth factor existed before the development of
hypertension (23). In our analyses, hypertension was not
significantly associated with a higher risk of NRP
development during treatment. Another possibility is that
lenvatinib may cause a loss of selective glomerular
permeability (24, 25). Finally, renal damage by lenvatinib
may impair the repair process in the glomeruli, leading to
glomerulosclerosis (26).

This study suggests that NRP should be recognized as one
of the major adverse effects of lenvatinib. Monitoring for
NRP during treatment is important as it can influence
additional antitumor treatments in patients receiving
lenvatinib. Moreover, the development of NRP during
lenvatinib treatment may preclude treatment with other
antitumor agents. Further studies to investigate the predictors
of NRP in this population are warranted.

The present study had several limitations. First, this study
did not have adequate power to detect all potentially significant
differences because this was a single-centre study with a small
sample size. Moreover, due to the small number of events, the
rule of ten events per dependent variable was not strictly
followed. Second, the observation period was relatively short,
mainly because lenvatinib has only been approved to treat
advanced HCC in Japan since March 2018. Third, the
possibility of ascertainment bias exists because the timing of
data collection during the observation period relied on the
attending physicians, and it is possible that several cases of
NRP were missed. Fourth, patients who had received sorafenib
or underwent transcatheter arterial chemoembolization prior to
lenvatinib administration were included in the study; therefore,
the effect of lenvatinib on overall survival may have been
underestimated. Fifth, the possibility of residual confounding
exists because of the retrospective observational design of this
study. Finally, our study population included a cohort of
Japanese patients with advanced HCC; thus, the
generalizability of our findings to other populations should be
interpreted with caution.

In conclusion, this study suggests that NRP development after
lenvatinib initiation does not alter the overall survival of patients
with advanced HCC. Future large-scale studies are necessary to
explore the effect of NRP development on the clinical outcomes
of patients with advanced HCC receiving lenvatinib.
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Table IV. Lenvatinib-associated adverse events.

All (n=45) non-NRP NRP 
(n=40) (n=5)

Any adverse event, n (%) 23 (50) 21 (53) 2 (40)
Fatigue, n (%) 10 (22) 9 (23) 1 (20)
Hand-foot skin reaction, n (%) 6 (13) 6 (15) 0
Appetite loss, n (%) 2 (4) 2 (5) 0
Thrombocytopenia, n (%) 1 (2) 1 (3) 0
Diarrhea, n (%) 1 (2) 1 (3) 0
Rash, n (%) 1 (2) 1 (3) 0

NRP: Nephrotic-range proteinuria. 
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