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ABSTRACT

Lenvatinib, a multitarget tyrosine kinase inhibitor for c-Kit and
other kinases, has exhibited promising efficacy in treating
advanced or metastatic thymic carcinoma (TC). Here, we pre-
sent the case of a patient with metastatic TC harboring a KIT
exon 11 deletion and amplification. The patient exhibited a
remarkable response to lenvatinib but experienced rapid dis-
ease progression after discontinuation of lenvatinib, referred to
as a “disease flare.” This case report indicates that KIT muta-
tions and amplification can predict lenvatinib response in pa-
tients with TC. However, in such cases, there might be a risk of
disease flares after lenvatinib discontinuation.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Case report; Thymic carcinoma; Lenvatinib; Dis-
ease flare

Introduction
Thymic carcinoma (TC), a rare cancer with a poor

prognosis, is derived from thymic epithelial cells and is
treated with systemic chemotherapy for metastatic or
recurrent diseases.1 In a phase 2 trial (REMORA),2 lenva-
tinib, a multitargeted tyrosine kinase inhibitor (TKI) for c-
Kit, vascular endothelial growth factor receptor, FGF re-
ceptor, and other kinases exhibited an objective response
rate of 38% and a median progression-free survival of 9.3
months in patients with previously treated advanced or
metastatic TC, which led to the approval of lenvatinib in
Japan. However, the biomarkers that predict the response
to lenvatinib in patients with TC are not well understood.

A "disease flare" phenomenon, referring to rapid
disease progression, has been reported after TKI
administration is discontinued in tumors with oncogenic
driver mutations such as EGFR mutation.3,4 However,
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Figure 1. CT imaging changes of the primary tumor, pleural metastases, and liver metastases (A) at the time of initial
diagnosis, (B) at lenvatinib initiation, (C) 3 weeks and (D) 19 weeks after lenvatinib initiation, (E) at lenvatinib discontin-
uation (40 weeks after initiation), and (F) 1 week after lenvatinib discontinuation. CT, computed tomography.
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there have been no reports of disease flares in patients
treated with lenvatinib for metastatic TC. Here, we
report a case of a rapid and remarkable response to
lenvatinib as a fourth-line treatment for metastatic TC,
followed by a disease flare after discontinuation.

Case Presentation
A 48-year-old woman with no history of smoking was

diagnosed with stage IVB (Masaoka-Koga classification)
squamous cell carcinoma (TC) with multiple bone me-
tastases in 2021 (Fig. 1A). The patient was treated with
carboplatin plus paclitaxel as first-line treatment
(Fig. 2A). After 11 weeks, primary tumor progression
and new pleural dissemination were observed. Although
she received S-1 as a second-line treatment, she devel-
oped superior vena cava syndrome. After stenting the
superior vena cava and palliative irradiation (30 Gray in
10 fractions), she received amrubicin as a third-line
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Figure 2. (A) Timeline of the patient’s clinical course. Temporal changes in chest X-ray images after (B) the initiation and (C)
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treatment. However, the disease progressed rapidly,
with worsening pleural dissemination and a new liver
metastasis (Fig. 1B). Then, lenvatinib 24 mg oral therapy
was initiated as fourth-line treatment. After 4 days of
lenvatinib treatment, the malignant pleural effusion and
pleural metastases dramatically improved (Fig. 2B).
Computed tomography (CT) revealed a partial response
to both the pleural and liver metastases at 3 weeks after
lenvatinib initiation (Fig. 1C). The dose of lenvatinib was
reduced to 12 mg because of adverse events such as
increase in alanine aminotransferase/aspartate amino-
transferase and peripheral edema. Meanwhile, pleural
metastases completely diminished (Fig. 1D).

After 10 months of treatment, the response to len-
vatinib continued; however, treatment was suspended
owing to liver dysfunction. At the time of lenvatinib
discontinuation, obvious progression of liver metasta-
ses was not observed on CT scans (Fig. 1E). Three days
after treatment discontinuation, the patient developed
dyspnea. On CT scan, a disease flare marked by
recurrent pleural dissemination and new liver metas-
tases was observed 6 days after discontinuation
(Figs. 2C and 1F). Despite undergoing pleural drainage,
which confirmed the presence of malignant pleural
effusion, and resumption of lenvatinib, her treatment
could not be continued because of deteriorating liver
function. The patient passed away 2 weeks after the
disease flared.

Mutation detection was performed using RNA
sequencing (RNA-seq) (methods are detailed in the
Supplementary Methods). This revealed a somatic in-
frame deletion in KIT exon 11 (p.Q575_P577delinsH),
both at the initial diagnosis and at the time of disease
flare (Table 1 and Supplementary Fig. 1). In addition,
TP53, and KMT2C mutations were detected at both the
time points. Nonsense mutations in BAP1 were not
detected by the RNA-seq calling pipeline in the initial
sample; however, we confirmed that the mutation was
present at the initial diagnosis using the Integrative
Genomics Viewer. These four mutations were confirmed
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using whole-exome sequencing and were accompanied
by copy number amplification or loss of heterozygosity.

Discussion
To our knowledge, this is the first report detailing a

rapid and dramatic response to lenvatinib in a patient
with metastatic TC harboring KIT exon 11 mutation and
documents an impressive disease flare after the discon-
tinuation of lenvatinib.

c-Kit is involved in the pathogenesis of TC, and its
expression in TC has potential diagnostic utility.5 Despite
the high expression rate of c-Kit in TC (�80%),6 c-Kit
expression seems not to be a reliable biomarker for the
response to multikinase TKIs that include c-Kit.7 In
contrast, the potential benefits of selective c-Kit in-
hibitors for TCs with KIT mutations have been suggested
in previous studies (Supplementary Table 1). Further-
more, it has been reported that Ba/F3 cell lines with KIT
exon 11 mutations are sensitive to several selective c-Kit
inhibitors.6,8

Gain-of-function mutations in KIT are uncommon in
patients with TC (�10%)6; however, mutations in exon
11, which encodes the intracellular membrane junction
section of the protein, are the most prevalent.9 Notably,
signaling downstream of KIT in gastrointestinal stromal
tumors is more potently activated by mutations in exon
11 than those in other exons.10 In fact, patients with
gastrointestinal stromal tumors harboring exon 11 KIT
mutations displayed a better response and prognosis to
imatinib than those with mutations in exon 9.11

In addition, in this case, copy number analysis
revealed amplification of the KIT gene with loss of het-
erozygosity. RNA-seq–based genetic mutation analysis
revealed an extremely high variant allele frequency for
an in-frame deletion mutation in KIT exon 11. These
findings suggest that the tumor could be highly c-Kit-
addicted, and we highlight the significance of c-Kit
pathway addiction because of KIT exon 11 mutation and
amplification as a predictive biomarker for the efficacy of
lenvatinib.

Rapid tumor progression was observed in this patient
after the cessation of lenvatinib treatment. Whereas liver
dysfunction observed at the time of the withdrawal
could have been caused by latent disease progression,
the drug discontinuation might have accelerated the
disease flare. The causes of disease flares are not fully
understood, and this phenomenon has not been previ-
ously reported in patients with TC. In this case, muta-
tional analysis of the sample collected during disease
flares revealed no additional mutations. In contrast, tu-
mor cells maintained a high rate of KIT mutations during
amplification. The rapid regrowth of TKI-sensitive clones
causes rapid clinical deterioration when TKIs are dis-
continued.12 From a clinical perspective, the fact that the
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patient experienced a disease flare, a unique phenome-
non of cancers with driver gene mutations treated with
TKIs, is also consistent with the KIT mutation playing a
central role in this patient. Further research is crucial to
elucidate the relationship between KIT mutations and
the efficacy of lenvatinib, and disease flare in patients
with TC, which would contribute to appropriate patient
selection.

In conclusion, in patients with metastatic TC, the
presence of KIT exon 11 mutations with amplification
may indicate KIT-addicted tumors and serve as a po-
tential biomarker for predicting the efficacy of lenvati-
nib. However, in such cases, there might be a risk of
disease flares after lenvatinib discontinuation.
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