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INTRODUCTION

Medullary thyroid cancer (MTC) is a neuroendocrine
tumor that originates from the parafollicular cells (or C
cells) of the thyroid gland and accounts for 1% to 2% of
thyroid cancers in the United States.1 The CNS is a rare
site of metastasis in MTC, with , 15 cases reported in
the medical literature; however, the prevalence may be
underreported because of the infrequent use of CNS
imaging in patients with MTC.1,2 The optimal treatment
approach for patients withMTCwith CNS involvement is
currently unknown. Although surgical resection, radi-
ation therapy, or stereotactic radiosurgery (SRS) may
improve local disease control in some patients, most still
succumb to their disease within months after the di-
agnosis of CNS metastases.1-4

The proto-oncogene RET (rearranged during trans-
fection), located on chromosome 10q11.2, is central to
development of a majority of cases of MTC.5 Germline
gain-of-function RET point mutations result in multiple
endocrine neoplasia 2, a hereditary syndrome associ-
ated with MTC and pheochromacytoma.6,7 Similar
somatic mutations occur in approximately 50% of
sporadic MTC, approximately 20% of sporadic pheo-
chromocytomas, and rarely in other cancer types.8-10

Recent identification of highly potent and selective RET
inhibitors holds great promise in the management of
these RET-driven cancers as well as other RET-altered
malignancies.11-14 In 2018, selpercatinib (LOXO-292)
received US Food and Drug Administration Break-
through Therapy designation for treatment of patients
with previously treated metastatic RET-mutant MTC,
RET fusion-positive non–small-cell lung cancer, and
RET fusion–positive thyroid cancers. Durable in-
tracranial responses with selpercatinib have been
described in patients with brain metastases with
RET fusion–positive lung and thyroid cancers.15,17

However, the activity of selpercatinib in patients
with RET-mutant MTC with brain metastases and/or
leptomeningeal disease (LMD) has not been char-
acterized, to our knowledge. Here, we describe
a patient with RET M918T–mutant MTC with exten-
sive CNS metastases who had a clinically meaningful

durable response to selective RET inhibition with
selpercatinib.

Case Report

A 67-year-old woman presented to a local hospital with
bilateral neck swelling. Neck ultrasound imaging
revealed multinodular goiter and extensive bilateral
neck adenopathy. Ultrasound-guided fine-needle as-
piration of 1 of the enlarged lymph nodes showed
malignant cells suspicious for thyroid carcinoma. Her
blood calcitonin level was 338 pg/mL (normal, , 7.6
pg/mL). Her carcinoembryonic antigen (CEA) level
was 186.5 ng/mL (normal, , 3.8 ng/mL). The pa-
tient underwent total thyroidectomy with bilateral
central and lateral neck dissection. Surgical pathology
revealed 2.3-cm MTC with extrathyroidal extension,
lymphovascular invasion, and metastatic involvement
of 54 of 70 removed lymph nodes. Consistent with the
diagnosis of thyroid carcinoma, immunohistochemis-
try was diffusely positive for TTF-1, weakly positive for
calcitonin, and negative for PAX-8. Her postoperative
laboratory studies were notable for increasing calci-
tonin levels. Positron emission tomography imaging
showed metabolically active, left-side, level V lymph
nodes; a 1.1-cm, hypermetabolic, right lower lobe lung
nodule; several hypermetabolic liver lesions; as well as
lytic lesions in the C5 vertebral body, L4 left lamina,
and left posterior iliac wing. Magnetic resonance im-
aging (MRI) of the brain revealed a 4-mm lesion in the
right caudate nucleus.

The patient presented to the University of Texas MD
Anderson Cancer Center for a second opinion. Germline
genetic testing was negative for hereditary RET muta-
tions. A next-generation sequencing–based analysis
for the detection of somatic mutations in the coding
sequence of 50 genes18 was performed on the DNA
extracted from the surgical tumor sample in a Clinical
Laboratory Improvement Amendments–certified mo-
lecular pathology laboratory and revealed aRETM918T
missense mutation, a well-established gain-of-function
alteration.1 In addition, the fluorescent in situ hybrid-
ization analysis using an Abbott Molecular CDKN2C/
CKS1B dual-color probe (Abbott Laboratories, Chicago,
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IL) was positive for the deletion of the CDKN2C gene, which
is associated with decreased overall survival in MTC.19

Repeated MRI of the brain and spine revealed 8 addi-
tional brain lesions and a progression of the multifocal spinal
bone disease.

The patient received whole-brain radiation therapy and
external beam radiation therapy to the spine lesions. She

was then treated with standard-of-care cabozantinib but
experienced multiple adverse effects, including hand-
and-foot syndrome, mucositis, weight loss, nausea, and
diarrhea, requiring several dose reductions ultimately
to 40 mg daily. The patient achieved a partial response
according to RECIST, version 1.120; at 8 months into
treatment, disease progression developed (Fig 1).
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FIG 1. Clinical activity of selpercatinib (LOXO-292) in medullary thyroid cancer with extensive CNS metastases. (A) Magnetic resonance
imaging (MRI) oblique axial cerebellar images of the patient’s metastatic brain disease (left panel) before and (right panel) 8 weeks after
the patient initiated treatment with selpercatinib. (B) Serial monitoring of calcitonin (blue circles) and carcinoembryonic antigen (CEA;
red circles) during selpercatinib treatment. (C) MRI axial cerebellar and (D) sagittal thoracic spine images of the patient’s metastatic
disease (left panels) before and (right panels) 33 weeks after the patient initiated treatment with selpercatinib. (E) MRI axial brain images
demonstrating a new caudate lesion after 17 months of therapy with selpercatinib (left panel) before and (right panel) after stereotactic
radiosurgery (SRS). (F) RECIST plot indicating change in a target liver lesion according to RECIST, version 1.1. The first line indicates
change from baseline. The second line indicates change from nadir.
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Given the absence of any remaining standard therapies
with established benefit, the patient enrolled in a phase I/II
study of selpercatinib in patients with advanced solid tumors
(LIBRETTO-001; ClinicalTrials.gov identifier: NCT03157128).
The patient provided written informed consent before en-
rollment. Selpercatinib was administered at 160 mg twice
daily. Imaging studies (MRI of the brain and spine; com-
puted tomography of the neck, chest, abdomen, and pelvis)
were performed every 8 weeks. Response was assessed
according to RECIST, version 1.1. Baseline imaging at the
time of the treatment initiation with selpercatinib revealed
bilateral central and lateral neck disease; lytic lesions in the
C5, T4, T8, L1 vertebrae and left posterior hilum;, nodular
opacities in bilateral lungs; interlobular septal thickening
suspicious for lymphangitic carcinomatosis; numerous he-
patic lesions (largest, 7 cm in the dome of liver);≥ 25 lesions
in the brain and cerebellum (largest, 7 mm in the left cer-
ebellar hemisphere; Fig 2A and 1C, left panels), and a 5-mm
leptomeningeal nodule at the level of T11 (Fig 2D, left panel).
Calcitonin and CEA levels measured 2,180 pg/mL and
12,312 ng/mL, respectively (Fig 2B).

The patient experienced clinical response within the first
month of therapy, with resolution of baseline diarrhea and
nausea, and with appetite improvement. Consistent with
resolution of diarrhea, calcitonin levels decreased to , 2
pg/mL 3 months after therapy initiation (Fig 2B). The pa-
tient’s CEA level reached its nadir of 304.0 ng/mL after
16 months of therapy. MRI of the brain at 8 weeks dem-
onstrated near-complete resolution of the previously iden-
tified brain metastases (Fig 2A, right panel), and MRI of the
brain and spine at 33 weeks showed complete resolution
of the brain metastases and the leptomeningeal nodule at
the T11 level (Fig 2C and 2D, right panels).

At 1 year, the patient officially achieved a partial extra-
cranial response by RECIST, version 1.1, criteria. At 17
months, an MRI of the brain showed an isolated, new,
5-mm left caudate lesion that was treated with SRS (Fig 2E,
left and right panels) with continuation of selpercatinib. At
20 months, imaging revealed non-CNS multifocal pro-
gression with a new 6-mm bony lesion in the C7 vertebral
body, as well as several new, right-side liver lobe lesions
(the largest measured 2 cm). The patient’s calcitonin level
rose to 235.9 pg/mL; her CEA level remained unchanged.

Peripheral blood cell-free DNA analysis at the time of
systemic progression revealed only the presence of the
previously identified RET M918T missense mutation. The
patient declined a liver biopsy.

CNS disease remained in response until 22 months, when
several new brain lesions were found to have developed;
these were managed with SRS (Fig 2). The patient con-
tinued treatment with selpercatinib beyond progressive
disease because she was felt to derive residual clinical
benefit from the therapy. Through her treatment, the pa-
tient tolerated selpercatinib well, reporting grade 1 fatigue
and leukopenia attributed to study drug. Her treatment
course has been complicated by several hospitalizations
unrelated to selpercatinib.

DISCUSSION

Metastatic dissemination of MTC to the CNS is a rare but
devastating complication associated with poor prognosis
and no well-established treatment strategies.1 Although
limited evidence from previous reports suggests that sur-
gical resection and/or radiation therapy may be used in
select cases, there remains a strong need for novel treat-
ment modalities with durable therapeutic responses.1-3

CNS efficacy of multikinase inhibitors such as vandeta-
nib or cabozantinib has not been reported in MTC.

Here, we present a report of successful treatment of
the brain and leptomeningeal metastases with systemic
therapy in a patient with RET-mutated MTC, using the
purpose-built selective and CNS-penetrant RET inhibitor
selpercatinib. Treatment with this agent resulted in
complete and durable resolution of the measurable brain
and leptomeningeal lesions in a patient with previous
disease progression while she received cabozantinib and
radiation therapy. Our findings are consistent with the
previously reported selpercatinib activity in patients with
RET fusion–positive lung and anaplastic thyroid cancers with
CNS involvement, as well as in an orthotopic RET fusion–
positive intracranial mouse tumor model.11,15-17 These ob-
servations, coupled with the favorable toxicity profile of
selpercatinib and rapidity of typical therapeutic responses,
suggest this agent may represent an important new thera-
peutic option for patients with RET-mutated cancers with
brain metastases and/or LMD.
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FIG 2. Patient treatment timeline. CR, complete response; PD, progressive disease; PR, partial response; RT, radiation therapy; SRS, stereotactic
radiosurgery; WBRT, whole-brain radiation therapy.
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Notably, the patient’s tumor harbored a heterozygous de-
letion in the CDKN2C gene linked to an aggressive disease
phenotype in MTC.19 CDKN2C is a member of the INK4
family of cyclin-dependent kinase inhibitors that block the
cell cycle progression in the G1 phase through interaction
with cyclin-dependent kinases 4 and 6.19 CDKN2C is lost in
approximately 40% to 50% MTCs and is associated with
a significantly shorter time to distant metastasis and de-
creased overall survival in MTC, an effect further enhanced
by concomitant RET M918T mutation.19,21 In addition, an
earlier report showed that CDKN2C haploinsufficiency is
associated with a strong trend toward reduced progression-
free survival in RET-mutated MTC treated with systemic
therapy.21 However, this relationship has not been studied
in patients receiving selective RET inhibitors, to our
knowledge, and the significance of CDKN2C loss in this
setting remains to be determined.

The patient is continuing selpercatinib therapy, with gradual
disease progression in the liver. Molecular mechanisms

underlying resistance to selpercatinib remain poorly
understood. A recent study demonstrated that RET
solvent-front mutations (RET G810S/G810R/G810C)
can cause on-target resistance to selective and mul-
tikinase RET inhibitors.22 A better understanding of
mechanisms of acquired resistance to selective RET
inhibitors and frequency of resistant alterations would
guide the development of novel agents and combina-
tion therapies directed towards further improvement
of treatment outcomes for patients with RET-altered
malignancies.

In conclusion, we observed a radiographically con-
firmed durable response with selpercatinib in a patient
with a heavily pretreated RET M918T–mutated MTC
with extensive CNS metastases. This report further
substantiates emerging data suggesting that selperca-
tinib has potential as a novel powerful treatment mo-
dality in patients with RET-driven malignancies with CNS
involvement.
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