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(VEGFR)-targeted therapy [4, 5] and for those with unre-
sectable, locally advanced, or metastatic MTC [6]. How-
ever, cabozantinib has not been approved in many countries 
other than US and the EU.

Recent advances in precision medicine have provided 
opportunities for targeted therapies in a subgroup of patients 
with thyroid cancer harboring specific driver alterations. For 
instance, the combination of BRAF and MEK inhibitors is 
a therapeutic option for patients with solid tumors harbor-
ing the BRAF V600E mutation [7], which is the most com-
mon oncogenic alteration and is found in 60% of papillary 
thyroid carcinomas (PTCs) [8]. Selpercatinib is a selective 
RET kinase inhibitor that has been approved for use in 
patients with RET-altered tumors. Furthermore, larotrec-
tinib and entrectinib have been approved for the treatment 
of adult and pediatric NTRK fusion–positive solid tumors. 
However, RET fusions, and NTRK fusions, ALK and ROS1 
fusions in thyroid carcinomas are less common compared 
with BRAF mutations. Furthermore, there are no recom-
mended treatments for DTC refractory to MKIs. Several 

Introduction

Systemic treatment with oral kinase inhibitors has emerged 
as the mainstay of therapy for advanced and metastatic 
thyroid cancer. Sorafenib and lenvatinib are multikinase 
inhibitors (MKIs) approved for patients with metastatic 
radioactive iodine-refractory differentiated thyroid carci-
noma (DTC) [1, 2], whereas vandetanib is approved for 
patients with medullary thyroid carcinoma (MTC) [3]. 
Cabozantinib is an MKI approved by the US Food and 
Drug Administration and the European Medicines Agency 
for patients with radioiodine therapy (RAI)-refractory DTC 
who progress on vascular endothelial growth factor receptor 
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Abstract
The oral multikinase inhibitors sorafenib and lenvatinib are currently available as first-line treatment for patients with 
unresectable or metastatic thyroid cancer. However, treatment options for patients who are refractory to these multikinase 
inhibitors are limited. This study aimed to evaluate the safety and efficacy of rechallenged lenvatinib after failure of both 
lenvatinib and sorafenib in patients with metastatic thyroid cancer in the real-world clinical practice. We retrospectively 
reviewed the data of consecutive 16 patients with metastatic thyroid cancer who received lenvatinib as a rechallenge after 
failure of initial lenvatinib and sorafenib treatment at Shizuoka Cancer Center between 2016 and 2023. Of these, the 
initial lenvatinib was discontinued in 12 patients owing to progressive disease, in 3 patients owing to adverse events, and 
in 1 patient owing to both. The overall response rate was 6.7%, and disease control was achieved by rechallenge with 
lenvatinib in all patients with the target lesions. The median progression free survival after rechallenging with lenvatinib 
was 15.0 months. No new signs of toxicity were observed after rechallenging with lenvatinib. Our findings suggest that 
rechallenge with lenvatinib after failure of both lenvatinib and sorafenib showed manageable safety and modest efficacy in 
patients with metastatic thyroid cancer in clinical practice. The strategy of lenvatinib rechallenge may provide an alterna-
tive option for patients with no targetable driver genes or when selective kinase inhibitors are not indicated.

Keywords Thyroid cancer · Lenvatinib · Rechallenge · Sorafenib · Multikinase inhibitors · Vascular endothelial growth 
factor receptor

Received: 18 April 2024 / Accepted: 22 May 2024 / Published online: 29 May 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Lenvatinib rechallenge after failure of lenvatinib and sorafenib in 
metastatic thyroid cancer

Tomoya Yokota1  · Satoshi Hamauchi1 · Takeshi Kawakami1 · Kunihiro Fushiki1

1 3

http://orcid.org/0000-0001-7327-7949
http://crossmark.crossref.org/dialog/?doi=10.1007/s10637-024-01449-9&domain=pdf&date_stamp=2024-5-28


Investigational New Drugs (2024) 42:361–368

case studies have reported resensitization by rechallenge 
with the initially administered MKIs after the development 
of resistance to lenvatinib and sorafenib [9–11]. There-
fore, in this study, we reported a real-world clinical prac-
tice regarding lenvatinib rechallenge after failure of initial 
lenvatinib followed by sorafenib in patients with metastatic 
thyroid cancer.

Patients and methods

Study design and patients

This was a retrospective cohort study of patients with meta-
static thyroid cancer who received lenvatinib as a rechal-
lenge after the failure of sorafenib at Shizuoka Cancer 
Center between 2016 and 2023. Sixteen patients met the 
following inclusion criteria: (1) histologically confirmed 
metastatic thyroid cancer with no indication of surgery, (2) 
failure of first-line lenvatinib (initial lenvatinib) owing to 
disease progression or unacceptable adverse events, (3) fail-
ure of second-line sorafenib, and (4) subsequent retreatment 
with lenvatinib (rechallenge) (Supplementary figure). The 
study protocol was approved by the Ethics Committee and 
Institutional Review Board of Shizuoka Cancer Center. The 

requirement for informed consent was waived owing to the 
retrospective nature of the study.

Data collection

Patient demographics and clinical characteristics, including 
age, sex, performance status (PS), tumor histological sub-
type, metastatic sites, and type of driver mutations at retreat-
ment with lenvatinib were obtained retrospectively from the 
patient files. Information on treatment delivery, outcomes, 
and adverse events in the initial and rechallenged lenvatinib 
was also collected. The cutoff date was January 31, 2024.

Statistical analysis

Progression free survival (PFS) was calculated from the 
date of treatment initiation to the date of disease progres-
sion, death, or censoring at the last confirmation of survival. 
Survival curves were estimated using the Kaplan–Meier 
method. All treatment-emergent adverse events (TEAE) 
were graded using the Common Terminology Criteria for 
Adverse Events version 5.0 (CTCAE). The best radiological 
response was evaluated according to the Response Evalua-
tion Criteria in Solid Tumors (RECIST) version 1.1. All sta-
tistical analyses were performed using STATA/SE (version 
10.0; College Station, Texas 77,845 USA).

Results

Patient characteristics

Between October 2015 and October 2020, 95 patients with 
unresectable thyroid cancer received lenvatinib as first-line 
therapy. Of these, 41 patients were subsequently treated 
with second-line sorafenib after progression to lenvatinib 
or owing to unacceptable adverse events. Of these, lenva-
tinib was reintroduced in 16 patients after progression to 
sorafenib or owing to unacceptable adverse events induced 
by sorafenib (Supplementary figure). The patient charac-
teristics of the rechallenge cohort (N = 16) showed that the 
median patient age was 69 years (36–76 years) (Table 1). 
Most patients had PS0 or 1. Most patients had differentiated 
histological subtypes of papillary and follicular cancers, fol-
lowed by poorly differentiated and anaplastic cancers. Prior 
thyroidectomy was performed in 10 patients. However, all 
patients had no indication of surgery owing to the presence 
of distant metastases at the start of the rechallenged lenva-
tinib. Among the metastatic sites, lung, bone, lymph node, 
and kidney metastases were present in 15 (93.8%), nine 
(56.3%), nine (56.3%), and two (12.5%) patients, respec-
tively. Comprehensive cancer genomic profiling tests were 

Table 1 Patient characteristics (N = 16)
Characteristic Number of patients (%)

Age Median (range) 69 (36–76)
Sex Male 6 (37.5)

Female 10 (62.5)
ECOG PS 0 12 (75.0)

1 3 (18.8)
2 1 (6.3)

Histological 
subtype

Papillary 10 (62.5)

Follicular 2 (12.5)
Poorly differentiated 3 (18.8)
Anaplastic 1 (6.3)

Prior 
thyroidectomy

(-) 6 (37.5)

(+) 10 (62.5)
Metastatic sites Lung 15 (93.8)

Bone 9 (56.3)
Lymph nodes 9 (56.3)
Kidney 2 (12.5)
Others * 5 (31.3)

Driver mutations RET fusion 1 (6.3)
BRAF mutation 4 (25.0)
TERT mutation 2 (12.5)
TP53 mutation 3 (18.8)

*Liver 1, skin 1, adrenal 1, pleural 1, and central nervous system 1
ECOG, Eastern Cooperative Oncology Group; PS, performance sta-
tus
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performed in 11 patients and revealed RET fusion in one 
patient and BRAF V600E mutation in four patients. How-
ever, RET/BRAF-targeted therapies were not administered 
before rechallenging with lenvatinib in all patients.

Treatment profiles of initial lenvatinib, sorafenib, 
and rechallenged lenvatinib

Table 2 summarizes the treatment profiles of the initial and 
rechallenged lenvatinib, where the patients were placed in 
the order of PFS with rechallenged lenvatinib.

In the initial lenvatinib phase, lenvatinib was initiated 
at a dose of 24 mg/day in 12 patients (Table 2). During 
treatment, lenvatinib dose reduction was required owing 
to adverse events in most patients. Lenvatinib was discon-
tinued in 12 patients owing to progressive disease and in 
3 patients owing to adverse events, including grade 2 cre-
atinine increase, grade 4 hypertension, and grade 2 heart 
failure. One patient stopped the initial lenvatinib treatment 
owing to progressive disease and adverse events of grade 3 
hypertension and proteinuria (Table 2).

Treatment was switched to sorafenib in all patients after 
lenvatinib treatment failure. However, sorafenib was dis-
continued in 13 patients owing to progressive disease and 
in 3 patients owing to adverse events, including nephrotic 
syndrome, erythroderma, and drug-induced liver injury. 
Median lenvatinib free interval between the end of the phase 

of initial lenvatinib and the start of the rechallenged phase 
was 5.7 months (1.2–22.2). The starting dose of rechal-
lenged lenvatinib was increased compared to the dose at 
the last prescription in the initial lenvatinib phase in 13 
patients, although this was at the discretion of each physi-
cian (Table 2).

Efficacy of initial lenvatinib and rechallenged 
lenvatinib

The overall response rate during the initial lenvatinib phase 
was 68.8%, whereas that during the rechallenge lenvatinib 
phase was 6.7%. Disease control following rechallenge with 
lenvatinib was achieved in all patients with the target lesions 
(Table 2). Waterfall plots of the percentage change in the 
sum of the longest diameter of the target lesions from base-
line to the best response were obtained for 15 patients with 
at least one measurable metastatic lesion (Fig. 1). Median 
PFS after the administration of first lenvatinib was 20.4 
months (95% confidence interval [CI]: 10.8–35.0 months). 
The median follow-up period in patients without progres-
sion was 11.9 months (range, 6.1–52.2 months). The median 
PFS after rechallenging with lenvatinib was 15.0 months 
(95% CI: 4.9–22.0 months) (Fig. 2).

Table 2 Treatment profiles of initial lenvatinib and rechallenging with lenvatinib
Patient number Initial lenvatinib Rechallenging with lenvatinib

Starting 
dose

Dose at the last 
prescription

Best 
response

Reasons for 
stopping 
lenvatinib

PFS
(months)

LFI
(months)

Starting 
dose

Best 
response

PFS
(months)

1 24 mg 4 mg dieb. alt. PR PD 36.6 6.9 8 mg SD * 52.2 +
2 24 mg 4 mg q3d SD AE 30.3 15.6 8 mg SD *46.3 +
3 14 mg 20 mg SD AE 11.5 19.3 14 mg SD 22.2
4 24 mg 4 mg (2 day on 

1 day off)
PR PD 19.9 4.2 10 mg SD 18.9

5 20 mg 12 mg SD PD 33.4 5.8 20 mg PR 17.1
6 20 mg 4 mg PR PD 21.1 3.3 8 mg SD *13.9 +
7 24 mg 4 mg PR PD 42.9 8 8 mg SD *10.9 +
8 14 mg 4 mg SD PD & AE 8.2 22.2 10 mg SD 9.2
9 24 mg 14 mg PR PD 8.3 17 14 mg SD 7
10 24 mg 8 mg PR PD 10.8 3.2 20 mg SD 6.8
11 24 mg 4 mg PR PD 54.8 3.5 14 mg SD *5.4 +
12 24 mg 4 mg PR PD 16.4 2.3 10 mg SD 4.9
13 24 mg 24 mg SD AE 1.8 5.6 16 mg SD 4.7
14 24 mg 8 mg PR PD 89.2 5.9 20 mg SD *3.6 +
15 24 mg 8 mg dieb. alt. PR PD 35 1.2 8 mg SD 1.6
16 24 mg 8 mg PR PD 20.4 1.4 12 mg NE 0.3
*Rechallenging with lenvatinib is ongoing without disease progression
PFS Progression free survival, LFI lenvatinib free interval, NE not evaluable
PR partial response, SD stable disease, PD progressive disease, AE adverse events
dieb.alt. diebus alternis
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Discussion

This study retrospectively investigated the safety and 
efficacy of lenvatinib after failure of both lenvatinib and 
sorafenib in patients with metastatic thyroid cancer. In our 
real-world practice, the median PFS was 20.4 months and 
the overall response rate was 68.8% in the initial lenva-
tinib phase, which is consistent with the SELECT trial [2]. 
Although the response rate to rechallenged lenvatinib was 
only 6.7%, a median PFS of 15.0 months and disease con-
trol in all patients were achieved by rechallenged lenvatinib. 
This favorable treatment outcome suggests that lenvatinib 
rechallenge is beneficial for PFS through durable disease 
control.

As sorafenib and lenvatinib are not curative treatments, 
most patients eventually develop resistance to these thera-
pies. Furthermore, some patients do not tolerate the severe 
AEs induced by MKIs even after temporary dose reduc-
tion, which can lead to unplanned treatment discontinu-
ation. Dabrafenib plus trametinib is an option for patients 
with BRAF V600E mutation who have progressed follow-
ing prior MKIs, with no satisfactory alternative treatment 
options (NCCN guideline 2024). Selective kinase inhibi-
tors, including selpercatinib, larotrectinib or entrectinib, 
and pembrolizumab are recommended for patients with 
RET gene fusion, NTRK gene fusion, and tumor mutation 
burden-high, respectively. Our cohort included four patients 
with BRAF mutation and one patient with RET fusion. 
However, none of the patients had any indication for these 
selective kinase inhibitors after the failure of lenvatinib and 
sorafenib as neither dabrafenib plus trametinib nor RET 
inhibitors were approved in Japanese clinical practice before 
2022. Furthermore, cabozantinib has not yet been approved 
for use in Japan. Thus, treatment options for patients who do 
not receive selective kinase inhibitors are limited and have 
unmet medical needs.

Adverse events (AEs)

Table 3 presents all grades of adverse events in both the ini-
tial and rechallenged lenvatinib phases. Overall, there were 
no remarkable differences in the AEs profiles between the 
phases (Table 3). Gastrointestinal toxicities, hypertension, 
proteinuria, and fatigue were common regardless of their 
severity. Skin toxicity occurred more frequently during the 
initial phase than during the rechallenge phase. The most 
common grade 3 or worse toxicities was hypertension in 
both phases. Heart failure did not recur owing to the dose 
reduction of lenvatinib in the rechallenge phase in a patient 
who experienced grade 2 heart failure in the initial lenva-
tinib phase. Increased creatinine levels did not worsen in a 
patient who stopped initial lenvatinib owing to AEs during 
a lenvatinib-free interval. However, grade 3 proteinuria and 
grade 3 hypertension recurred during the rechallenge phase.

Fig. 2 Kaplan–Meier plot show-
ing progression free survival of 
initial lenvatinib and rechal-
lenged lenvatinib (n = 16)

 

Fig. 1 Waterfall plot of rechallenged lenvatinib (n = 15). Waterfall 
plots of the percentage change in the sum of the longest diameter of 
the target lesions from baseline to best response
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initially respond to lenvatinib receive the benefit of lenva-
tinib rechallenge [12]. Thus, lenvatinib free interval may 
regain drug sensitivity to TKIs [19, 20]. In our cohort, the 
median lenvatinib-free interval was 5.7 months, and it is 
likely that patients with longer PFS tended to have longer 
lenvatinib-free intervals. Although there is no consensus 
on the optimal length of the drug-free interval, the duration 
is positively associated with the response to rechallenge in 
many solid tumors [21–24], which is consistent with what 
has been established with rechallenge of platinum therapy 
in patients with relapsed ovarian carcinoma [25] and squa-
mous cell carcinoma of the head and neck.

The second mechanism of resensitization may be 
explained by dose escalation in a lenvatinib rechallenge set-
ting. Historically, it is well known that the efficacy of TKIs 
is dose-dependent in oncology. A randomized study revealed 
a trend towards improved PFS with a higher starting dose 
of lenvatinib than with a lower starting dose [26]. Further-
more, the relative dose intensity during the first eight weeks 
of lenvatinib treatment is associated with significant tumor 
shrinkage and prolonged PFS through increased lenvatinib 
exposure in the treatment of RAI-refractory DTC [27, 28]. 
In most of our patients, the starting dose of rechallenged 
lenvatinib was higher than the dose at the last prescription 

The significance of selective kinase inhibitors in the 
rechallenge setting (such as EGFR inhibitors, imatinib, and 
VEGFR kinase inhibitors) is suggested in patients with non-
small cell lung carcinoma, gastrointestinal stromal tumors, 
and renal cell carcinoma, respectively [12–15]. A random-
ized phase 3 trial revealed that rechallenge with imatinib 
significantly improves PFS and disease control in patients 
with gastrointestinal stromal tumors compared to the pla-
cebo [16]. Furthermore, clinical efficacy of rechallenged 
MKIs (including lenvatinib and sorafenib) is demonstrated 
in thymic carcinoma and hepatocellular carcinoma, respec-
tively [17, 18]. This is the first report describing the real-
world experiences of consecutive patients with thyroid 
cancer treated with rechallenge lenvatinib after a lenvatinib-
free interval.

However, the mechanisms underlying resistance and 
resensitization to TKIs remain unclear. Differences in the 
targeted signaling pathways of lenvatinib and sorafenib may 
play a role in the acquisition of resistance or resensitization. 
One hypothesis is that the proportion of lenvatinib-sensitive 
and lenvatinib-resistant clones changes depending on the 
presence or absence of lenvatinib. The interruption of len-
vatinib during sorafenib treatment may enable the regrowth 
of lenvatinib-sensitive clones, through which patients who 

Table 3 Adverse events
Initial lenvatinib Rechallenging with lenvatinib
Grade 1–2 Grade 3–4 Any grade Grade 1–2 Grade 3–4 Any grade

Anorexia 6 1 7 6 1 7
Nausea 6 0 6 4 0 4
Vomiting 0 1 1 1 0 1
Diarrhea 6 2 8 6 0 6
Mucositis oral 5 0 5 1 0 1
Pharyngeal mucositis 1 0 1 0 0 0
Proteinuria 6 1 7 5 2 7
Hypertension 2 9 11 2 4 6
Superficial thrombophlebitis 0 0 0 1 0 1
Heart failure 1 0 1 0 0 0
Myocardial infarction 0 1 1 0 0 0
Epistaxis 1 0 1 0 0 0
Fatigue 7 0 7 5 0 5
Palmar-plantar erythrodysesthesia syndrome 8 1 9 2 0 2
Rash maculopapular 2 0 2 0 0 0
Rash acneiform 1 0 1 1 0 1
Arthralgia 5 0 5 2 0 2
Myalgia 2 0 2 1 0 1
Aspartate aminotransferase increased 4 0 4 2 0 2
Alanine aminotransferase increased 3 0 3 2 0 2
Creatinine increased 2 0 2 1 0 1
Platelet count decreased 1 0 1 1 0 1
Edema limbs 1 0 1 1 0 1
Hypothyroidism 3 1 4 0 0 0
Peripheral sensory neuropathy 1 0 1 0 0 0
Headache 1 0 1 0 0 0
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lenge may provide an alternative option for patients with no 
targetable driver genes or when selective kinase inhibitors 
are not indicated.
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