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Abstract
The aim of this study was to examine the association of lenvatinib-induced adverse events with the trough plasma concentra-
tion (C0) in Japanese patients with thyroid cancer. Patients received lenvatinib 24 mg as an initial dose, and sequential dose 
reductions were conducted based on the grade of each side effect. Assessment of adverse events, assay of lenvatinib C0, and 
analysis of clinical laboratory tests were performed at the same time of day and were retrospectively analyzed. There were 
no significant differences in lenvatinib C0 among grades of hypertension, proteinuria, hand-foot syndrome, and diarrhea. 
However, levels of aspartate transaminase, alanine transaminase, and total bilirubin were significantly higher in lenvatinib 
C0 quartile (Q) 4 (≥ 88 ng/mL) than in Q1 (< 42 ng/mL) and Q2–3 (42–88 ng/mL). Additionally, platelet counts were high-
est in the lowest Q1 group. The median dose of lenvatinib in patients with UGT1A1*6/*6 or *6/*28 (poor metabolizers 
[PMs]) was significantly lower than that in patients with UGT1A1*1/*1 (10 and 14 mg, respectively), whereas the median 
bilirubin levels were significant higher in UGT1A1 PMs (0.9 and 0.5 mg/dL, respectively). There were no significant differ-
ences in median lenvatinib C0 values between patients with UGT1A1*1/*1 and PMs (58.0 and 50.0 ng/mL, respectively). 
The threshold between the C0 and toxicity of lenvatinib may be more than 88 ng/mL. Therefore, the dose of lenvatinib could 
be controlled to maintain a lower C0 of less than 88 ng/mL. The target C0 for lenvatinib as the threshold between the C0 and 
optimal response may be in the range from 42 to 88 ng/mL; however, further studies are necessary.
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Introduction

Lenvatinib, an oral multikinase inhibitor (KI) for vascular 
endothelial growth factor (VEGF) receptors 1–3, fibroblast 
growth factor receptors 1–4, platelet-derived growth factor 
receptor α, stem cell factor receptor, and rearranged during 
transfection [1–4], is approved for the treatment of thyroid 
cancer. Hypertension is a known side effect of drugs that 
target the VEGF pathway [5], and lenvatinib-induced hyper-
tension was found to occur in approximately 68% of patients 
in phase III clinical studies of lenvatinib treatment for 

radioiodine-refractory differentiated thyroid cancer [6]. Con-
sequently, adverse events, such as hypertension, proteinuria, 
and diarrhea, necessitate dose reduction or dose interruption 
in patients receiving lenvatinib [6]. After administration of 
an initial daily dose of 24 mg lenvatinib, patients are sub-
jected to dose reduction or dose interruption (63.9–73.6% 
and 79.4–86.8% of cases, respectively) [6].

Recently, a treatment strategy involving monitoring of 
plasma concentrations of KIs was introduced in the clini-
cal setting. For many KIs, relationships between plasma 
concentrations and efficacy or toxicity have been reported 
[7]. For example, in sunitinib therapy, the sum of the total 
plasma trough concentration (C0) of both sunitinib and its 
active metabolite N-desethyl sunitinib should be set above 
50 ng/mL to obtain sufficient efficacy and below 100 ng/mL 
to avoid serious adverse events, such as thrombocytopenia 
[7]. However, no thresholds between the C0 value and clini-
cal efficacy or toxicity have been established for lenvatinib.
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In vitro, lenvatinib has been shown to inhibit human 
uridine diphosphate-glucuronosyltransferase (UGT) 1A1 
activity for 17β-estradiol 3-glucuronidatin at a half-maxi-
mal inhibitory concentration of 10.6 μM [8]. In humans, 
glucuronidation of bilirubin by UGT1A1 results in the 
formation of bilirubin mono- and di-glucuronide, which 
are excreted into the bile [9, 10]. The genetic basis of the 
reduced bilirubin glucuronidation activity in Gilbert syn-
drome was revealed in 1995 [11]. All patients appeared to 
be homozygous for an additional TA in the TATAA box 
present in the proximal promoter of the UGT1A1 gene 
([TA]7TAA [named UGT1A1*28] compared with normal 
[TA]6TAA). The presence of this TA insertion reduces 
the transcription of the gene to 20% of the normal value, 
resulting in a decrease in hepatic bilirubin glucuronidat-
ing activity by 80% in individuals with UGT1A1*28/*28 
[11]. Therefore, the UGT1A1*28/*28 genotype is associated 
with unusually high bilirubin levels [11, 12]. In addition, 
UGT1A1*6 (211G > A) isoforms have also been reported 
to cause a reduction in UGT1A1 enzyme activity [13]. 
Lenvatinib may inhibit the glucuronidation of bilirubin via 
UGT1A1, thereby increasing bilirubin levels. In particular, 
this inhibitory effect may be more pronounced in individuals 
who are poor metabolizers (PMs) of UGT1A1*6/*6, *6/*28, 
and *28/*28. However, it is still unclear whether patients 
who are UGT1A1 PMs have an elevated risk of lenvatinib-
induced hyperbilirubinemia.

Accordingly, in this study, we aimed to retrospectively 
examine the associations between lenvatinib-induced 
adverse events and trough plasma concentrations (C0) in 
Japanese patients with thyroid cancer.

Methods

Patients and protocols

Fifty Japanese patients receiving treatment with lenvatinib 
(LENVIMA; Eisai Co., Ltd., Tokyo, Japan) for thyroid can-
cer at Ito Hospital from April 2015 through September 2018 
were consecutively enrolled in this study. The inclusion cri-
teria were in accordance with standard eligibility criteria for 
lenvatinib treatment [14]. Forty-six Japanese patients (32 
women and 14 men) were analyzed in this study; however, 
4 patients were excluded because of adverse events just after 
beginning (2 patients) and not meeting inclusion criteria (2 
patients). The follow-up phase was 3 years. Patient char-
acteristics prior to lenvatinib therapy are listed in Table 1. 
The mean age was 64 ± 13 years, and the mean body weight 
was 56 ± 13 kg. There were no patients with serious renal or 
hepatic dysfunction. The study was approved by the Ethics 
Committees of Ito Hospital (approval no. 137) and Akita 
University School of Medicine (approval no. 790) and was 

conducted in accordance with the ethical standards of the 
1964 Declaration of Helsinki and its later amendments or 
comparable ethical standards. Patients provided written 
informed consent for participation in the study.

All patients received oral lenvatinib 24 mg once daily as 
an initial dose. Sequential dose reductions to 20, 14, 10, 8, 
and 4 mg/day were conducted based on the grade of each 
side effect according to a guide in the package insert [14]. 
The toxicity grade was determined based on the Common 
Terminology Criteria for Adverse Events (CTCAE) version 
4.0. Plasma samples were collected within ± 4 h at 24 h after 
lenvatinib administration, and the steady-state trough plasma 
concentration (C0) was defined as the concentration for 
samples collected within ± 4 h of the scheduled time every 
2 weeks for the first 3 months after beginning lenvatinib 
therapy and then every 1 month for up to 3 years. Blood 
samples, except at a sampling time of 24 ± 4 h after admin-
istration and for samples within 7 days (that had not achieved 
steady-state) after changing the daily dose, were excluded 
from analysis. In addition, unclear data for the ingestion time 
of lenvatinib were excluded. For every hospital visit, clinical 
evaluation or assessment of adverse events by CTCAE, assay 
of lenvatinib C0, and biochemical evaluation were performed 
at the same time of day and were retrospectively analyzed. 
Plasma was isolated by centrifugation at 1900×g for 15 min 
and was stored at − 40 °C until analysis.

Pharmacokinetics analysis

Plasma trough concentrations of lenvatinib were measured 
by high-performance liquid chromatography and ultraviolet 

Table 1   Demographic and clinical characteristics of patients prior to 
lenvatinib therapy

Data are presented as the mean ± standard deviation (range) or num-
ber (%)

Female: male 32:14
Age (years) 64 ± 10 (33–82)
Body weight (kg) 56 ± 13 (34–94)
Body surface area (m2) 1.60 ± 0.20 (1.24–2.15)
Laboratory test values
 White blood cell (/mm3) 5786 ± 1592 (3000–10,500)
 Red blood cell (× 104/mm3) 452 ± 53 (308–557)
 Platelet (× 104/mm3) 18.7 ± 7.0 (4.4–34.7)
 Aspartate transaminase (IU/L) 31 ± 13 (16–81)
 Alanine transaminase (IU/L) 29 ± 18 (11–87)
 Serum albumin (g/dL) 3.9 ± 0.4 (3.1–4.8)
 Total bilirubin (mg/dL) 0.7 ± 0.2 (0.3–1.2)
 Serum creatinine (mg/dL) 0.74 ± 0.28 (0.41–1.66)

UGT1A1 genotype
 *1/*1:*1/*6:*1/*28: 

*6/*6:*6/*28:unknown
17:8:8:1:3:9
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analysis (HPLC–UV), as previously described [15]. The 
calibration curve generated for lenvatinib in human plasma 
was linear over the concentration range of 5 to 1000 ng/mL. 
The limit of quantification of lenvatinib for this assay was 
5 ng/mL. The coefficients of variation (CVs) and accuracies 
for intra- and interday assays at the concentration range of 
5 to 1000 ng/mL were less than 12.6% and within 10.6%, 
respectively.

Genotyping

DNA was extracted from peripheral blood samples using 
a QIAamp Blood Kit (Qiagen, Hilden, Germany) and 
was stored at − 80 °C until analysis. We studied the fol-
lowing variant sequences: a 2-nucleotide insertion (TA) 
within the TATA box resulting in the sequence (TA)7TAA 
(UGT1A1*28, rs8175347) and a transition at codon 71 
in exon 1 that changed glycine to arginine (UGT1A1*6, 
rs4148323). Genotyping procedures to identify the 
UGT1A1*6 and *28 alleles were performed using polymer-
ase chain reaction-restriction fragment length polymorphism 
(PCR–RFLP) [13]. Furthermore, the results of PCR–RFLP 
were confirmed using an automated single nucleotide 
polymorphism detection system (i-densy; ARKRAY Inc., 
Kyoto, Japan). UGT1A1 genotype analysis revealed five dif-
ferent patterns, as follows: *1/*1 in 17 patients, *1/*6 in 8 
patients, *1/*28 in 8 patients, *6/*6 in 1 patient, and *6/*28 
in 3 patients. Based on these results, patients were divided 
into three groups: UGT1A1*1/*1 (n = 17), *1/*6 + *1/*28 
(n = 16), and *6/*6 + *6/*28 (PMs; n = 4; Table 1).

Statistical analyses

Shapiro–Wilk tests were used to assess distributions. 
Spearman’s rank correlation coefficient values were used 
to assess correlations between continuous values. To evalu-
ate the relationships between lenvatinib C0 and safety vari-
ables, laboratory test data were compared among the three 
groups based on the quartile (Q) of lenvatinib C0 distribu-
tion. Kruskal–Wallis tests were used to compare continuous 
values for more than three groups, and median values in 
the different groups were compared using Mann–Whitney 
U tests with Bonferroni’s correction. The Wilcoxon signed-
rank test was used to determine differences in continuous 
values for each patient. Results with P values of less than 
0.05 were considered statistically significant in correlation 
coefficient tests and multiple comparison tests. In contrast, 
results with P values of less than 0.05/3 were considered 
statistically significant in comparison between two groups 
after comparison between three groups. Statistical analysis 
was performed with SPSS 20.0 for Windows (SPSS IBM 
Japan Inc., Tokyo, Japan). For post hoc power analysis, the 

effect size calculated in comparison with the lenvatinib C0 
between UGT1A1 genotypes differed significantly. Power 
was calculated using G*Power ver. 3.1 software.

Results

We collected 445 plasma samples from 46 patients in this 
study. The C0 of lenvatinib increased significantly and pro-
portionately across daily doses ranging from 4 to 24 mg 
(r = 0.505, P < 0.001), although there was very large inter-
patient variability among patients treated with the same 
daily dose of lenvatinib (Fig. 1). From all plasma samples, 
the mean and median (minimum–maximum) C0 values 
of lenvatinib at the steady-state after administration of 8, 
10, 14, 20, and 24 mg/day were 43.4 and 42.0 (10–88) ng/
mL (n = 53, CV = 42%), 54.6 and 47.0 (14–162) ng/mL 
(n = 134, CV = 54.7%), 75.0 and 68.0 (16–186) ng/mL 
(n = 79, CV = 55.5%), 107 and 89.5 (25–228) ng/mL (n = 56, 
CV = 52.0%), and 95.6 and 83.0 (24–233) ng/mL (n = 49, 
CV = 48.2%), respectively (Fig. 1).

Time-dependent changes in the C0 and daily dose of len-
vatinib after beginning therapy are shown in Fig. 2. Dose 
reduction from 24 mg daily was carried out according to 
the onset of adverse events, and the C0 of lenvatinib was 
rapidly reduced over time (Fig. 2a, b). The median (range) 
duration of lenvatinib therapy was 380 (41–1121) days, and 
the numbers of patients continuing therapy less than 1, 1–2, 
and 2–3 years were 20, 12, and 14, respectively.

The relationship between the grades of lenvatinib-induced 
adverse events classified by CTCAE with the lenvatinib C0 
is shown in Fig. 3. There were no significant differences in 
lenvatinib C0 values according to CTCAE grades for hyper-
tension, proteinuria, hand-foot syndrome, and diarrhea. In 
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addition, the relationships between lenvatinib C0 and systolic 
or diastolic blood pressure are shown in Fig. 4. There were 
no significant differences between lenvatinib C0 values and 
the blood pressure of patients.

The potential relationships between lenvatinib C0 values 
and safety variables were explored according to observed 
lenvatinib C0 values categorized into quartile (Q) groups 

(Table 2). The incidences of biochemical abnormalities, such 
as changes in aspartate transaminase, alanine transaminase, 
serum albumin, and total bilirubin levels, were significantly 
lower in the lenvatinib C0 Q1 (< 42 ng/mL) group compared 
with those in the Q4 (≥ 88 ng/mL) group. In contrast, plate-
let counts in patients were highest in the lowest Q1 group 
(Table 2). The influence of total bilirubin levels and aspar-
tate transaminase on changes (from maximum to minimum 
values) in lenvatinib C0 for individual patients is shown in 
Fig. 5. The degradation of bilirubin levels was observed, as 
reflected by reduced lenvatinib C0 values.

Comparisons of the daily doses and C0 values of len-
vatinib and the total bilirubin levels among UGT1A1 geno-
types are shown in Table 3. The median daily dose of len-
vatinib in UGT1A1 PMs was significantly lower than that in 
patients with UGT1A1*1/*1 (10 and 14 mg, respectively; 
effect size = 0.335), whereas the median total bilirubin level 
was significant higher in UGT1A1 PMs (0.9 and 0.5 mg/dL, 
respectively; effect size = 1.000). There were no significant 
differences in median lenvatinib C0 values between patients 
with UGT1A1*1/*1 and PMs (58.0 and 50.0 ng/mL, respec-
tively; effect size = 0.997).

Discussion

In the current study, all patients received lenvatinib 24 mg 
once daily as an initial dose; however, all patients required 
dose reduction owing to onset of adverse events within 
150 days after beginning lenvatinib therapy. This was con-
sistent with a previous report showing that the time to first 
dose reduction was 4.4 months after beginning of lenvatinib 
therapy [6]. Thus, in the maintenance phase at 1 year after 
administration of lenvatinib, the daily dose of lenvatinib for 
many patients is in the range from 8 to 14 mg. Notably, in 
the present study, the C0 of lenvatinib was rapidly reduced 
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Table 2   Comparison of laboratory test data among quartiles of lenvatinib trough plasma concentrations

Q quartile
*And #P < 0.05/3; *Q4 versus Q1; #Q4 versus Q2–3 (by using Mann–Whitney U test)
$ Multiple comparisons among Q1 versus Q2–3 versus Q4 (by using Kruskal–Wallis test)

Lenvatinib plasma concentration Q1 (< 42 ng/mL) Q2–3 (42 ≤ , 88 > ng/mL) Q4 (88 ng/mL ≤) P$

Laboratory test Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3)

White blood cell (/mm3) 5370 (4600–5990) 5300 (4550–6200) 5300 (4480–6700) 0.618
Red blood cell (× 104/mm3) 459 (407–475) 447 (407–473) 442 (422–474) 0.432
Platelet (× 104/mm3) 19.4 (16.2–23.0) 18.6 (15.0–22.4) 17.6* (13.0–21.1) 0.008
Aspartate transaminase (IU/L) 25 (21–28) 24 (21–30) 28*,# (23–35) < 0.001
Alanine transaminase (IU/L) 19 (15–25) 19 (15–26) 24*,# (17–34) 0.000
Serum albumin (g/dL) 3.7 (3.4–4.3) 3.8 (3.4–4.2) 3.9* (3.7–4.3) 0.025
Total bilirubin (mg/dL) 0.5 (0.4–0.7) 0.6 (0.4–0.8) 0.7*,# (0.6–0.9) < 0.001
Serum creatinine (mg/dL) 0.73 (0.59–0.98) 0.74 (0.62–0.89) 0.69 (0.55–0.88) 0.240
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over time. In patients with a higher lenvatinib C0, the levels 
of aspartate transaminase, alanine transaminase, serum albu-
min and total bilirubin were significantly higher, and platelet 
counts were significantly lower than those in patients with 
a lower C0. By lowering the lenvatinib C0, degradation of 
bilirubin levels was observed. However, there were no sig-
nificant differences in lenvatinib C0 values in patients with 

different CTCAE grades of hypertension, proteinuria, hand-
foot syndrome, and diarrhea induced by lenvatinib.

The target C0 of lenvatinib is approximately 51.5 ng/mL 
based on the mean C0 at the steady-state in a phase 3 trial [7, 
8]. However, until now, no studies have reported the thresh-
olds between the C0 of lenvatinib and responses or toxicities 
of lenvatinib in the clinical setting. In the current study, the 
Q1 of the lenvatinib C0 at the steady-state was less than 
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Table 3   Comparison of daily 
dose of lenvatinib, trough 
plasma concentration of 
lenvatinib, and total bilirubin 
levels among UGT1A1 
genotypes

Q quartile
*And #P < 0.05/3; *versus UGT1A1*1/*1; #versus UGT1A1*1/*6 + *1/*28

UGT1A1 genotype Median (Q1–Q3) P

Daily dose (mg) *1/*1 14 (10–20) 0.001
*1/*6 + *1/*28 12* (10–16)
*6/*6 + *6/*28 10*,# (10–14)

Trough plasma concentration 
(ng/mL)

*1/*1 58.0 (42.0–72.5) < 0.001
*1/*6 + *1/*28 68.0* (44.0–96.0)
*6/*6 + *6/*28 50.0# (36.0–73.0)

Total bilirubin (mg/dL)  *1/*1 0.5 (0.4–0.6) < 0.001
*1/*6 + *1/*28 0.6* (0.5–0.7)
*6/*6 + *6/*28 0.9*,# (0.7–1.1)
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42 ng/mL, and the Q4 was more than 88 ng/mL. Because 
there were no significant differences in laboratory evidence 
between Q1 (< 42 ng/mL) and Q2–3 (42–88 ng/mL) groups 
for lenvatinib C0, the target C0 for lenvatinib as the threshold 
between the C0 and optimal response may range from 42 to 
88 ng/mL. In addition, in the maintenance phase at 2 years 
after administration of lenvatinib, the C0 values of lenvatinib 
were approximately 42 ng/mL. Therefore, similar to previ-
ous reports [7, 8], the threshold between C0 and optimal 
response to lenvatinib may be approximately 51.5 ng/mL. 
In contrast, the threshold between the C0 and toxicity of 
lenvatinib may be more than 88 ng/mL. Consequently, the 
results of the current study suggested that the dose of len-
vatinib should be regulated to maintain a lower C0 of less 
than 88 ng/mL.

Many KIs inhibit UGT1A1 [16]. Lenvatinib is also a 
weak inhibitor of UGT1A1 [8]. This first report of UGT1A1 
PMs showed an elevated risk of lenvatinib-induced hyper-
bilirubinemia in these patients. Importantly, in this study, the 
dose of lenvatinib was controlled by confirming laboratory 
evidence or adverse events, and accordingly, total bilirubin 
levels in all patients were controlled to less than 1.5 mg/dL 
during lenvatinib therapy. As a result of hyperbilirubine-
mia, the median daily dose of lenvatinib in patients with the 
UGT1A1*6/*6 or *6/*28 genotype was 10 mg/day, which 
was lower than that for patients with the UGT1A1*1/*1, 
*1/*6, or *1/*28 genotype (12–14 mg/day). Although the 
median daily dose of lenvatinib for UGT1A1 PMs was low 
(10 mg), bilirubin levels were significantly higher than 
those in patients with the UGT1A1*1 allele. Thus, infor-
mation regarding UGT1A1 polymorphism before beginning 
lenvatinib therapy may be useful; however, the inhibitory 
activity of lenvatinib on UGT1A1 does not seem to be so 
strong, in contrast to that of other KIs [16, 17]. Lenvatinib 
therapy may be continued by using low doses for present 
hyperbilirubinemia.

An increase in the incidences of hypertension and pro-
teinuria (grade 3 or higher), with increased area under the 
plasma concentration (AUC) for lenvatinib has been reported 
in phase II and III studies of lenvatinib [8]. In particular, 
the incidence of grade 3 or higher hypertension tends to be 
higher in Japanese patients than in non-Japanese patients 
[8]. Because hypertension is a known side effect of KIs that 
target the VEGF pathway [5], it is likely that hypertension 
is related to the AUC of lenvatinib. However, in the cur-
rent study, hypertension and proteinuria were not related to 
the C0 of lenvatinib. Accordingly, in our study, the plasma 
concentrations on day 1 and at 24 h after initial adminis-
tration (C24 on day 1 or C0 on day 2) were not monitored, 
and assessment of lenvatinib-induced adverse events and 
assay of lenvatinib C0 values at steady-state were evaluated 
beginning 2 weeks after initiation of lenvatinib 24 mg/day. 
Therefore, similar to phase II and III studies of lenvatinib 

[8], the correlations between plasma concentrations and tox-
icities of lenvatinib during the early phase (AUC​0–24 or C24 
on day 1) after lenvatinib therapy may be evaluated. Further 
studies are needed to determine the relationships between 
lenvatinib-induced adverse events, such as hypertension, and 
C0 values at the same time of day.

Our results could be interpreted within the context of 
the study limitations. In the current study, we collected 445 
plasma samples from 46 patients. When we investigated 
laboratory data and the onset of side effects at the same 
time as analysis of lenvatinib plasma concentrations from 
one patient sequentially, there may have been some bias 
in our results. Among the 46 patients in our analysis, 14 
patients took lenvatinib for more than 2 years. Thus, the 
small number of patients taking lenvatinib for a long time 
may have resulted in bias in the results. Therefore, additional 
studies having larger sample sizes are necessary. However, 
no reports have completely linked laboratory data, the onset 
of side effects, and plasma concentrations of lenvatinib at 
the same time until now. Accordingly, we believe that our 
current results may have future clinical applications.

Conclusion

There were no significant differences in lenvatinib C0 values 
according to CTCAE grades for hypertension, proteinuria, 
hand-foot syndrome, and diarrhea; however, in patients with 
a higher lenvatinib C0, the values for aspartate transaminase, 
alanine transaminase, serum albumin, and total bilirubin 
were significantly higher, whereas platelet counts were sig-
nificantly lower than those in patients with a lower C0. The 
threshold between the C0 and toxicity of lenvatinib appeared 
to be more than 88 ng/mL. Accordingly, it may be necessary 
to regulate the dose of lenvatinib in order to maintain a lower 
C0 of less than 88 ng/mL.
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