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The tyrosine kinase inhibitor lenvatinib has been confirmed as an effective treatment option for patients with
unresectable thyroid carcinoma. We conducted a retrospective analysis of the significance of the effect of con-
tinued lenvatinib treatment for the longest duration possible at a reasonable daily dose and with a minimum
discontinuation period in 42 patients with unresectable thyroid carcinoma treated with lenvatinib between 2015
and 2020. A Cox proportional hazard model-based analysis revealed that the overall survival of the patients
treated with a <8 mg/day mean dose of lenvatinib was significantly better than that of the patients treated with
8-24 mg/day (hazard ratio [HR] 0.38 for 1.14-4.54 mg/day, and HR 0.01 for 4.56-7.97 mg/day) adjusted for var-
ious factors (e.g., sex, age, drug interruption period). The cumulative dose of lenvatinib administered tended
to be higher in the patients treated with low doses (<8 mg/day) than in the patients treated with relatively high
doses (8-24 mg/day). Considering its adverse events, the continuation of lenvatinib treatment with an adequate
daily dose and drug interruption may help prolong the survival of patients with unresectable thyroid carci-

noma.
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he phase III Study of Lenvatinib in Differentiated

Cancer of the Thyroid (SELECT) demonstrated
that treatment with lenvatinib—an oral, multitargeted
tyrosine kinase inhibitor (TKI)—prolonged the disease
progression-free survival (PFS) of patients with radio-
active iodine (RAI)-refractory differentiated thyroid
carcinoma. In addition, following the results of a phase
II trial conducted in Japan, lenvatinib was approved for
the treatment of patients with unresectable thyroid car-
cinoma of all histological subtypes [1-4]. However, in
the SELECT trial, 97.3% of the total number of patients
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(n=261) and 100% of the Japanese patients (n=30)
treated with lenvatinib presented with adverse effects
(AEs) such as hypertension, diarrhea, loss of appetite,
proteinuria, or hand-foot syndrome [1]. Specifically,
patients at older ages and those with a poorer perfor-
mance status (PS) can experience higher lenvatinib
toxicity [5]. Although the recommended dose of lenva-
tinib was established as 24 mg once daily, most patients
in daily clinical practice cannot continue treatment with
lenvatinib at the starting dose, mostly due to the occur-
rence of diarrhea, hypertension, or proteinuria [6].
Hypertension induced by lenvatinib was also reported
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to be more frequent in patients aged =75 years, and it
was suggested that early blood-pressure control might
be an effective approach to maintain the lenvatinib dose
intensity [7]. Yamazaki ef al. defined the flare phenom-
enon as death, hospitalization attributable to tumor
progression, or an unexpected event (e.g., pleural
drainage) within 1 month of lenvatinib cessation; they
observed that the patients’ overall survival (OS) tended
to be poorer in the flare group compared to the non-
flare group [8]. The incidence of flare phenomenon in
their patients was 14.3%, and the median time from
lenvatinib cessation to the occurrence of flare phenom-
enon was 9 days [8]. Therefore, in daily clinical prac-
tice, maintenance of the highest reasonable dose of
lenvatinib with a minimum discontinuation period is
the chief objective. The American Thyroid Association
(ATA) guidelines state that patients who are candidates
for TKI therapy “should be thoroughly counseled on the
potential risks and benefits of the treatment as well as
alternative therapeutic approaches including best sup-
portive care” [9].

At our institution, we have made efforts to continue
the lenvatinib treatment of patients with unresectable
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thyroid carcinoma for the longest duration possible with
a reasonable daily dose and interruption period. We
conducted the present study to retrospectively analyze
the significance of the effect of continued lenvatinib
treatment for the longest duration possible at a reason-
able daily dose and with a minimum discontinuation
period.

Patients and Methods

During the period from September 2015 to March
2020, 42 patients with unresectable thyroid carcinoma,
including 35 patients with papillary thyroid carcinoma
(PTC), three with follicular thyroid carcinoma (FTC),
and four with anaplastic thyroid carcinoma (ATC) were
treated with lenvatinib at Kumamoto University
Hospital, a tertiary oncology referral center in
Kumamoto, Japan. The clinical characteristics of the 42
patients are summarized in Table 1. The 42 patients
comprised 17 men (40.5%) and 25 women (59.5%).
The mean age at the initiation of lenvatinib treatment
was 71 years (range 43-91 years). The PS was 0 in 27
patients, 1 in 10 patients, and 2 in five patients. The

Table 1 Clinical characteristics
Daily dose tertiles P-value
Total
Q1: 1.14-4.54 mg Q2: 4.56-7.97 mg Q3: 8-24 mg
n=42 n=14 n=14 n=14
Age (vears old) 71.0 (43-91) 78.0 (49-91) 66.5 (43-85) 67.0 (54-81) 0.0163
Sex Male 17 40.5% 3 21.4% 5 35.7% 9 64.3%  0.0628
Female 25 59.5% 1" 78.6% 9 64.3% 5 35.7%
PS 0 27 64.3% 12 85.7% 8 57.1% 7 50.0% 0.1093
1 10 23.8% 0 0.0% 4 28.6% 6 42.9%
2 5 11.9% 2 14.3% 2 14.3% 1 71%
BMI 22.0 (15.2-32.1) 22.7 (17-32.1) 22.3 (16.9-18.2) 21.4 (15.2-27.0) 0.5285
RAI therapy yes 29 69.0% 12 85.7% 10 71.4% 7 50.0% 0.1204
no 13 31.0% 2 14.3% 4 28.6% 7 50.0%
Reccurence
local 5 11.9% 2 14.3% 1 7.1% 2 14.3% 0.7969
local + distant 1 26.2% 3 21.4% 5 35.7% 3 21.4%
distant 26 61.9% 9 64.3% 8 57.1% 9 64.3%
Contact with major arteries
yes 7 18.9% 0 0.0% 2 16.7% 5 41.7% 00284
no 30 81.1% 13 100% 10 83.3% 7 58.3%
Histology
papillary ca 35 83.3% 14 100.0% 1 78.6% 10 714% 0.1817
follicular ca 3 71% 0 0.0% 2 14.3% 1 71%
anaplastic thyroid ca 4 9.5% 0 0.0% 1 71% 3 21.4%
Initial dose (Median, mg/day) 24 (10-24) 24 (14-24) 24 (10-24) 24 (10-24) 0.4175
Mean dose (mg/day) 6.825 (1.14-24.00) 2.80 (1.14-4.54) 6.825 (4.56-7.97) 11.71 (8.00-24.00) <0.0001
Cumulative dose (mg) 2,371 (81-12,434) 2,371 (81-5,474) 2,977 (476-11,510) 1,326 (188-12,434) 02717
Rest period (%) 34.3 (0-92.6) 51.6 (22.2-92.6) 27.1 (5.4-64.2) 26.2 (0-62.4) 0.0012
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mean body mass index (BMI) was 22.0 (range 15.2-
32.1). A total of 29 patients (69.0%) had undergone
RAI therapy. Five patients (11.9%) presented with
unresectable local tumors, 11 (26.2%) presented with
both local and distant lesions, and 26 (61.9%) presented
with only distant metastases. In seven patients (18.9%),
at least one lesion was observed to be in contact with a
major artery. In these seven patients, lenvatinib was
used after an explanation was provided to and discussed
with the patients and their family members, and after
the performance of multiple imaging studies. The mean
duration of follow-up for surviving patients after the
commencement of lenvatinib treatment was 592 days
(range 23-1,736 days).

Depending on the condition of each patient, the
starting dose of the lenvatinib was 24 mg in 34 patients,
20 mg in one patient, 14 mg in five patients, and
10 mg in two patients. The dose was reduced or treat-
ment was interrupted or discontinued according to the
patient’s condition; the reasons for reduction were con-
tact with major arteries (n=6), tracheal invasion (n=1),
untreated hypertension (n=1), advanced age (>85 years)
(n=1), and PS (n=2). As a general rule, the starting
dose of lenvatinib was set at 24 mg, with a two-stage
reduction to 14 mg for patients suspected of having
tumor infiltration into major blood vessels such as the
carotid artery and for elderly patients >85 years old,
with further adjustments made based on the patient’s
condition. When the lenvatinib dose was reduced due
to side effects, the standard procedure involves a sin-
gle-stage reduction; however, in one patient who
required an extended drug withdrawal period, the dos-
age was reduced in three stages from 24 mg to 10 mg.

The prognostic factors evaluated included sex, age,
PS, BMI, with/without RAI therapy, with/without local
tumor, single or multiple lesions, with/without lesions
close to a major artery, the starting dose of lenvatinib,
the average daily dose, the total administration dose,
the frequency and period of discontinuation, the ratio
of the total discontinuation period to the total thera-
peutic period, and AEs. The AEs were evaluated using
the Common Terminology Criteria for AEs (CTCAE),
ver. 4.0.

The protocol of this study including the opt-out con-
sent method was approved by the Clinical Research
Ethics Committee of Kumamoto University (Registry
no. 2338) and conformed to the amended Declaration
of Helsinki. The need for informed consent was waived
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in accord with the Committee’s instruction, in light of
the retrospective nature of the study design. The study
information was presented on the Web to provide the
opportunity to opt out of this research, which substi-
tuted for the participants’ consent.

Statistical analyses.  We checked the patients’
medication status and adherence at each medical con-
sultation. Using the administered lenvatinib dose, the
total treatment period (days), and the number of days
of drug suspension, we calculated each patient’s cumu-
lative dose, the rate of drug interruption, and the mean
dose per day (the cumulative dose divided by the total
treatment period). We categorized the mean dose for
the complete series of 42 patients with unresectable thy-
roid carcinoma into daily dose tertiles in order to evenly
divide the population into three groups (n=14 in each
category) as follows: Q1 (1.14-4.54 mg/day), Q2 (4.56-
7.97 mg/day), and Q3 (8.00-24 mg/day). We also cate-
gorized the rest period (i.e., the percentage of the period
when lenvatinib treatment was tentatively halted to the
entire treatment period) into tertiles: Q1 (0-24.84%),
Q2 (24.90-39.13%), and Q3 (41.17-92.58%).

We first determined the demographic and clinical
characteristics of the patients for both the total series
and for the groups stratified by daily dose tertiles (Q1-
Q3). We performed a one-way analysis of variance
(ANOVA) to compare the average age and BMI values,
and we used Pearson’s x’-test to compare categorical
variables among groups. We then obtained Kaplan-
Meier survival curves to evaluate the patients’ OS and
PES, which were calculated from the dates of the initia-
tion of lenvatinib treatment. The log-rank test and the
generalized Wilcoxon test were used to determine sig-
nificant differences in survival. Values were considered
significant at a two-sided p-value <0.05.

A Cox proportional hazard model was applied to
perform adjustments for possible confounding factors.
In model 1, we adjusted for age, sex, PS (0 vs. 1-2),
and side effects (hand-foot syndrome, hypertension,
and proteinuria). In model 2, we adjusted for the rest
period in addition to the parameters mentioned for
model 1. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were estimated. We restricted the
adjusted analyses to only differentiated carcinoma
(n=38). All analyses were performed using JMP 15
(SAS, Cary, NC, USA) and Stata/SE 16.1 (StataCorp,
College Station, TX, USA) software.
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Results

Of the 42 patients with unresectable thyroid carci-
noma treated with lenvatinib, 16 (38.1%) succumbed to
the disease during the observation period. The death of
one patient was attributed to the occurrence of bleeding
from large vessels due to fistula formation. According
to the response evaluation criteria in solid tumors
(RECIST) ver. 1.1, two (4.9%) patients achieved a par-
tial response (PR), 38 (92.7%) patients presented with
stable disease (SD), one (2.4%) patient presented with
progressive disease (PD), and one patient’s response
was categorized as not available. No patient achieved a
complete response (CR).

As depicted in Fig. 1A, the median OS period after
the the commencement of lenvatinib treatment was
1,265 days (range 23-1,736 days; in the patients with-
out ATC [n=4], 1,399 days). The median PFS period
was 855 days (range 15-1,582 days; in the patients
without ATC, 765 days) (Fig.1B). The median thera-
peutic period was 728 days (in the patients without
ATC, 1,015 days). Levatinib treatment was discontin-
ued in 29 (69.0%) of the 42 patients for various rea-
sons: disease progression (n=13), the development of
serious AEs in 11 patients (renal dysfunction/protein-
uria [n=5], pneumonia [n=1], minor bleeding [n=1],
drug eruption [n=1], hypertension along with risk of
bleeding [n=1], palpitation [n=1], thrombocytopenia
[n=1]), leukemia (n=1); reasons such as economic
burden and difficulty in attending hospitals (n=2), and
lost to follow-up (n=2) (Table 2). Two patients who
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Fig. 1
unresectable thyroid carcinoma (n=42).
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were on a high dose (20 mg) had to discontinue, one
due to disease progression and the other due to AEs,
including bradycardia-tachycardia syndrome, conges-
tive heart failure, and interstitial pneumonia. As shown
in Fig.2 and Table 2, a lesion in contact with a major
artery, which was one of the reasons to reduce the ini-
tial lenvatinib dose, did not cause lenvatinib interrup-
tion or termination in any patients.

The median value of the mean dose of lenvatinib in
each patient over the entire therapeutic period was
6.8 mg/day (range 1.1-24 mg/day). The median cumu-
lative dose of lenvatinib was 2,371 mg (range 81-
12,434 mg). The average frequency of treatment inter-
ruption was 14.0 times (range 0-108), and each inter-
ruption period spanned 20.6 days (range 0-112 days) on
average. The most frequent reasons for treatment inter-
ruption the first to third times were hypertension, fol-
lowed by renal dysfunction/proteinuria, hand-foot
syndrome, general fatigue, and thrombocytopenia.
Hypertension was the most frequently observed each
time: Ist 38.1%, 2nd 25.6%, and 3rd 25.0% (Fig.2).
The average ratio of the total discontinuation period to
the total therapeutic period was 34.3% (range 0-92.6%).

Among the various prognostic factors, the patients
with PS1 or PS2 were 53 times more likely to succumb
than those with PSO at any given time point after the
treatment, assuming that they survived for a specific
time; in addition, the cumulative dose of lenvatinib
tended to be higher in the patients who received a
smaller daily dose (Q1 and Q2 in Table 1) than those
who received a larger daily dose; the median cumula-
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Kaplan-Meier analysis of (A) overall survival and (B) progression-free survival of the total population of Japanese patients with
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Fig. 2  Reasons for treatment interruption (the first to third times).
Table 2  Reasons of termination of treatment patients (8.00-24 mg/day) (Fig.3A, B), and the results
Progressive disease 13 remain unaltered even when values were adjusted for
Adverse effects various factors: for the patients’ overall survival, HR
Proteinuria/Renal dysfunction 5 0.38, 95%CI: 0.03-4.99 for Q1 and HR 0.01, 95%CI:
Eﬂqeumﬁnlz , 1 0.00-0.13 for Q2 in model 2. For the patients’ progres-
D;Sg’eruep%c;zg ] sion-free survival: HR 0.48, 95%CI: 0.07-3.33 for Q1
Hypertension with risk of bleeding 1 and HR=007, 95%CI: 0.01-0.40 fOI' Q2 in model 2.
Palpitation 1 Drug interruption did not tend to have an effect on sur-
Thrombocytopenia 1 vival (Table 3).
Enstett O]f ‘ljlthe’ disease (leukemia) ; Based on the analysis of these data excluding the
O?Eer:*o ow up 9 patients with ATC (n=4), we confirmed that the signif-
icant differences were maintained even without ATC
Total 29

*Financial problem, Difficulty in commuting to clinic

tive doses were 2,371 mg in mean-dose Q1 (1.14-
4.54 mg/day), 2,977 mgin Q2 (4.56-7.97 mg/day), and
1,326 mg in Q3 (8.00-24 mg/day). With the exclusion
of five outlier cases (one patient with a mean dose of
24 mg and four patients with cumulative doses exceed-
ing 8,000 mg), we observed a negative correlation
between the cumulative dose and the mean dose
(r=-0.1362).

Among the patients categorized into tertiles based on
different average doses per day, both the OS and PFS of
the QI (1.14-4.54 mg/day) and Q2 (4.56-7.97 mg/day)
patients were significantly better than those of the Q3

(data not shown).
Discussion

Although patients with a lower resistance to adverse
event are more likely to opt for an interruption or cessa-
tion of lenvatinib treatment [10], in the present series a
few patients discontinued the treatment because of the
economic burden and challenges involved in visiting
hospitals. In a study conducted in the United Kingdom,
compared with a placebo or best supportive care, len-
vatinib costs more than £50,000 per quality-adjusted
life-years (QALY) gained, whereas a cost-effectiveness
threshold ranged between £20,000 and 30,000 per
QALY [11]. Even in Japan, where a national health
insurance program has been established, it is important
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Fig. 3
average daily dose of lenvatinib.

that the benefits of treatment overcome both the eco-
nomic and somatic burdens of patients in order to
ensure the continuation of lenvatinib treatment.

Low-dose lenvatinib treatment can ease both the
economic and somatic burdens of patients; moreover,
the results of the present study demonstrate that low-
dose lenvatinib can be effective at least for Japanese
patients, as daily low-dose lenvatinib resulted in pro-
longed overall survival of the patients. Lenvatinib-
emergent hypertension was significantly correlated with
improved clinical outcomes [12], and the overall sur-
vival benefit has been observed in older patients in
whom increased toxicity was observed [5]. In the
SELECT trial, hypertension resulted in lenvatinib dose
reduction in 19.9% of the patients, and >20% of those
hypertensive patients had presented with hypertension
within 2 weeks of starting lenvatinib treatment [1].
Since hypertension was the most frequently observed
AE resulting in drug interruption in the present study,
low-dose lenvatinib treatment may be effective for
patients in whom a reduction of the daily dose of lenva-
tinib is necessary due to the occurrence of AEs. A study
conducted in Korea showed that treatment with a sus-
tainable dose of lenvatinib (10 mg/day) helped achieve
tumor shrinkage in 90.7% and a PR in 64.7% of the
total 43 patients [13].

The standard protocol for lenvatinib treatment is
based on data obtained from Western populations, and
dose adjustment may thus be necessary for Asian
patients because of their smaller physiques [13]. A
recent multicenter, randomized clinical trial compared
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Kaplan-Meier analysis of the patients’ (A) overall survival and (B) progression-free survival by tertiles (Q1-Q3) based on the

a full initial dose of lenvatinib (24 mg) with 18 mg, and
the results revealed that the 24-mg dose produced a
better response rate (odds ratio: 0.50, 95%CI: 0.26-
0.96) and was accompanied by an increased number of
drug interruptions [14]. There has also been a compar-
ison of a full initial dose of lenvatinib with lower initial
doses, and the study’s authors concluded that a lower
initial dose did not reduce the survival rate [15]. With
the inevitable adverse effects and increased incidence of
drug reduction, it is concerning that clinical research
focusing on the initial dose and response rate might not
accurately reflect survival.

In the present study, the initial dose of lenvatinib
was 24 mg in 81% of the patients (n=34), and our
results indicate that the initial dose of lenvatinib does
not make a significant difference in the patients’ sur-
vival (data not shown). The group with an average dose
ranging from 4.56 to 7.97 mg demonstrated the most
favorable outcomes. Minimizing adverse events is cru-
cial for long-term treatment with lenvatinib, and while
a patient’s blood pressure elevation can be controlled
with antihypertensive drugs, proteinuria, renal dys-
function, and hand-foot syndrome have no solutions
other than lenvatinib discontinuation. A moderate dose
reduction and drug holidays are thus considered neces-
sary for longer treatment periods. We do not intend to
recommend “fundamentally” decreasing a patient’s
starting dose of lenvatinib. Even if the initial dose has
been set as 24 mg following the standard protocol for
lenvatinib treatment, it might not be necessary to per-
sist with that dose, depending on the condition of the
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individual patient.

The study limitations include the following. This was
a retrospective analysis of only 42 patients treated at a
single center, and this posed challenges in the simulta-
neous analysis of several prognostic factors. Selection
bias of the patients could not be eliminated. In addi-
tion, no guideline or criterion for the estimation of the
daily dose or period of interruption for lenvatinib treat-
ment was available, and the decisions regarding the
treatment were made at the discretion of attending
physicians based on the patient’s condition.

In conclusion, lenvatinib is effective at relatively low
daily doses despite long intervals of drug interruption
for the treatment of Japanese patients with unresectable
thyroid carcinoma. A continuation of lenvatinib treat-
ment with an adequate daily dose and the establishment
of an appropriate interruption period considering its
effect and burden on patients are important. Since
4-mg and 10-mg lenvatinib capsules are available, a low
daily dose of 8 mg or 10 mg might be an ideal medica-
tion as a maintenance dose, and it might not be neces-
sary to persist with the standard 24-mg starting dose,
depending on the patient’s condition.
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