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1 | INTRODUCTION
Differentiated thyroid cancer (DTC) is the most common
type of thyroid cancer, comprising 85-95% of all thyroid can-
cers;l'3 from 1990 to 2013, the global age-standardized inci-
dence rate increased by 20%.* DTC is dominated by papillary
(PTC) and follicular subtypes, and rarer variants include
Hiirthle cell and poorly differentiated thyroid cancers.'
Surgical treatment with complete or partial thyroidectomy
is central to the management of DTC, followed by admin-
istration of radioactive iodine (RAI).> For the majority of
patients with DTC, the disease course is indolent and can be
managed by these standard treatments.® However, 3-20% of
patients may develop distant metastatic disease, and around
half of these become RAI-refractory (RAI-R); this presents
a significant clinical challenge, with a 10-year survival rate
of less than 10%.”'° For these patients, sorafenib and len-
vatinib are routinely used in real-world practice and confer
clinical benefit to the majority of patients; however, an unmet
clinical need persists for those patients who progress despite
treatment with these multikinase inhibitors (MKIs).!! Further

Larotrectinib, a highly selective TRK inhibitor, was administered to a patient with
rapidly progressing radioactive iodine-refractory papillary NTRK3 fusion-positive
thyroid cancer. The patient achieved a durable (sustained for 11 months) complete
response after 2 months of treatment and complete intracranial responses in meta-
static brain lesions after 7 months of treatment.

Larotrectinib may provide a therapeutic route for patients with RAI-R-differentiated thyroid

cancer who might otherwise have few treatment options.

iodine uptake and iodine metabolism, thyroid cancer-clinical, thyroid cancer-genetics

advances in genomic profiling have led to the discovery of
other targetable mutations in thyroid cancer.®'?

Recently, NTRK gene fusions, which lead to overex-
pression of chimeric TRK proteins, have been identified as
primary oncogenic drivers across multiple cancer types—
characterized as TRK fusion cancer—including thyroid
cancer, in adult and pediatric patients.'3 Larotrectinib is a
tyrosine kinase inhibitor and a highly selective inhibitor of
NTRKI-3, and has received approval as a tumor-agnostic
treatment for any solid tumor harboring an NTRK gene fusion
based on the results from three basket trials, which included
patients with TRK fusion thyroid cancer.'>!*

Detection of actionable genomic events can dramatically
alter treatment plans for patients and may extend clinical ben-
efit compared with standard of care. Larotrectinib presents a
promising treatment strategy for patients who have exhausted
all other treatment options and fulfills an unmet clinical
need.'*' Here, we present the case of a 56-year-old woman
with advanced RAI-R PTC who progressed on both sorafenib
and lenvatinib and then received larotrectinib following the
detection of an NTRK gene fusion.
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CASE PRESENTATION

A 56-year-old female with PTC was referred to the clinic fol-
lowing an incomplete surgical resection in November 2017.
The pathology report showed multifocal classical PTC,
with a larger focus of 2 cm. The TNM status for this patient
was IVB.'® After thyroid hormone withdrawal, the patient's
thyroid stimulating hormone level was 144 mUI/mL, with
positive thyroglobulin antibody levels of 1081 Ul/mL and
undetectable thyroglobulin levels one month after surgery
in December 2017; RAI was subsequently administered at a
dose of 130 mCi "*'I. Following RAI treatment, the patient
underwent a whole-body scan, which showed uptake in the
thyroid bed and mediastinum only—a concomitant computed
tomography (CT) scan revealed persistent macroscopic dis-
ease in the patient's neck and mediastinum, and the presence
of a single lung lesion larger than 15 mm in diameter. At this
point, RAI-R PTC was diagnosed.

In April 2018, five months after initial referral to the
clinic, the patient underwent a positron emission tomography
(PET) scan with 2-deoxy-2-[fluorine-18] fluoro-D-glucose
integrated with a CT scan (ISF—FDG PET/CT), which re-
vealed multiple metastatic sites (Figure 1 and Figure 2).
Lesions were identified in the neck, mediastinum, and several
locations in soft and muscular tissues. The lesion previously
identified in the left lung had grown to a size of 23 mm. In
addition, the patient had uptake in multiple bones and a scalp
lesion that was confirmed as a PTC metastasis via biopsy.
The patient's disease was characterized as metastatic, rapidly
progressive RAI-R PTC.

In August 2018, the patient was prescribed systemic ther-
apy comprising zoledronic acid (4 mg/month; intravenous)
combined with sorafenib (800 mg/day; oral). The sorafenib
dose was subsequently reduced to 600 mg/day following de-
velopment of grade 2 hand-foot skin reaction; however, after
6 months (January 2019) on sorafenib treatment, disease

Sorefenib
800 mg/day
Zoledronic acid 4 mg/month

RAI administered
— heterogeneous uptake

2017

2018

progression was evident at multiple sites, including the devel-
opment of metastases to the brain (progressive disease [PD] as
per Response Evaluation Criteria in Solid Tumors [RECIST
v1.11'"). The patient subsequently underwent external beam
radiotherapy (EBRT; gamma knife) for 10 separate brain le-
sions. Two months later, lenvatinib was initiated (20 mg/day)
and was generally well tolerated—and the patient experienced
grade 2 hypertension and grade 1 diarrhea, for which losartan
(100 mg) and loperamide (4-6 mg/day) were prescribed after
each diarrheic episode. After five months of lenvatinib treat-
ment, the patient underwent a further '*F-FDG PET/CT scan,
which revealed extensive metastatic progression: multiple
lymph node metastases in the neck and mediastinum, mul-
tiple secondary lesions in subcutaneous tissues and muscles,
a new target lesion in the right adrenal gland, and multiple
metastases in the liver and right pleura (PD as per RECIST
v1.1) (Figure 3). Despite prior gamma knife EBRT, most of
the brain metastases had persisted.

As there were no further approved treatment options
available, the decision was made to perform genomic se-
quencing to identify possible actionable molecular targets.
The next-generation sequencing assay, using the scalp le-
sion biopsy taken in April 2018, revealed the presence of an
ETV6-NTRK3 gene fusion. Larotrectinib was subsequently
administered to the patient at a dose of 200 mg/day (100 mg
administered twice daily), provided by Bayer as part of a com-
passionate use program in September 2019, almost two years
after initial presentation. Larotrectinib was well tolerated—
the patient experienced grade 1 fatigue and mild hepatic en-
zyme elevation was observed. After 4 weeks on larotrectinib
treatment (October 2019), the patient underwent another
BE_FDG PET/CT scan, which showed a near-complete re-
sponse: most of the lesions had disappeared, there was a de-
crease in volume in the metastatic lesion of the adrenal gland,
and only the lung and neck lymph node metastases persisted
(Figure 4). After 8 weeks on larotrectinib (November 2019),

Oncomine® Focus

Lenvatinib 20 mg/day
Losartan 100 mg/day
and lopermide
for AE management

assay reveals
ETV-6-NTRK3

gene fusion Complete response

2020

Referral to Multiple metastatic Progression: Extensive  Larotrectinib
clinic after sites revealed, Gamma knife radiosurgery metastatic 200 mg/day
incomplete confirmed with scalp administration for progression
resection lesion biopsy 10 brain lesions
FIGURE 1 Treatment pathway of a patient with PTC who progressed on sorafenib and lenvatinib, and who achieved a complete response

with larotrectinib treatment. AE, adverse event; PTC, papillary thyroid cancer; RAI, radioactive iodine
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FIGURE 2 A diagnosis of RAI-R thyroid cancer was based on
the presence of multiple metastatic sites revealed with BR.FDG uptake
in the first PET/CT scan conducted in April 2018. Diffuse lesions in
soft and muscular tissues, multiple BE.FDG uptake in bones, and a
large target lesion in the left lung were observed (arrow) (transverse
view). Br_FDG, 2-deoxy-2-[fluorine-18] fluoro-D-glucose; PET/

CT, positron emission tomography/computed tomography; RAI-R,
radioiodine refractory

the patient underwent a further BF_FDG PET/CT scan,
which showed a complete response—all target lesions had
disappeared (Figure 5), and a magnetic resonance imaging
scan performed after 7 months of larotrectinib treatment re-
vealed that all brain metastases had disappeared (Figure 6).
The complete response has been sustained after 11 months
of treatment with larotrectinib, and the patient has returned
to her normal quality of life. Additionally, the patient's thy-
roglobulin antibody levels had decreased from 1081 Ul/mL
at baseline to 400 UI/mL when measured after 7 months of
larotrectinib treatment.

3 | DISCUSSION

A combination treatment approach involving surgery with or
without thyroid hormones and RAI is a curative treatment
approach for most patients with thyroid cancer, and typically
provides an excellent prognosis.l’5 However, this approach
is unsuitable for patients who have metastatic disease or are
RAI-R, and it is this subset of patients who principally con-
tribute to thyroid cancer-related deaths.*'” An evolved un-
derstanding of the molecular mechanisms contributing to the
development of DTC has recently ushered in a move toward
targeted therapies. MKIs block kinase receptors involved in
angiogenesis (vascular endothelial growth factor receptor and
platelet-derived growth factor receptor) and downstream cell
survival and proliferation (fibroblast growth factor receptor

FIGURE 3 The extent of metastatic disease following treatment
was determined by BE.FDG uptake in the PET/CT scan conducted in
August 2019 after 6 months of sorafenib treatment (reduced to 600 mg/
day) and 5 months of lenvatinib treatment (20 mg/day). Multiple
lymph node metastases were observed in the neck and mediastinum,
with multiple secondary lesions in subcutaneous tissues and muscles,
the liver, adrenal gland, and right pleura were identified (coronal
view). 8F-FDG, 2-deoxy-2-[fluorine-18] fluoro-D-glucose; PET/CT,

positron emission tomography/computed tomography

and proto-oncogene tyrosine-protein kinase receptor Ret
[RET]) via the RTK/BRAF/MAPK/ERK and PI3K/AKT/
mTOR pathways.18 MKIs, such as sorafenib and lenvatinib,
are now used routinely in clinical practice for patients who
are RAI-R 1192 However, their toxicity and the small but
significant subset of patients (including the patient described
in this report) who do not benefit from MKIs highlight
the need for more effective systemic therapies for RAI-R
DTC.'*2926-28 patients who progressed on both first-line and
second-line MKIs were, until recently, left with limited al-
ternative treatment options. As ever, clinical trials provided
experimental options and off-label use of other MKIs, such
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FIGURE 4 After 4 weeks on larotrectinib treatment, an BEFDG
PET/CT scan showed a near-complete response—only neck lymph
node and lung (arrowed) lesions persisted in October 2019 after

4 weeks of larotrectinib (200 mg/day) treatment (transverse view);
most lesions had disappeared. 8F-FDG, 2-deoxy-2-[fluorine-18]
fluoro-D-glucose; PET/CT, positron emission tomography/computed
tomography

as cabozantinib, pazopanib, sunitinib, donafenib, and apat-
inib, which may have been available depending on regional
health system constraints.”>*? If these were not available, the
only feasible treatment option outside of best supportive care
would have been to rechallenge with sorafenib or lenvatinib,
despite disease progression.

The focus has now shifted toward the identification of
specific molecular alterations, which can dramatically alter
treatment pathways for patients with limited treatment op-
tions.'>?’ Detection of an actionable alteration with genomic
profiling is mandatory for patients to be able to receive these
matched targeted therapies. In the case described in this re-
port, a comprehensive next-generation sequencing assay was
used to detect the presence of an ETV6-NTRK3 gene fusion;*!
this unveiled an alternative treatment strategy as larotrectinib
is approved for all solid tumors harboring an NTRK gene
fusion.*® This case illustrates the importance of genomic
profiling—a patient who was initially left with very limited
treatment options having progressed on both sorafenib and
lenvatinib was ultimately able to achieve a durable complete
response with larotrectinib. Of note, complete responses were
also seen in the central nervous system, with the abolition of
intracranial metastatic lesions (that had been persistent after
EBRT) following larotrectinib treatment.

This patient not only achieved a complete response with
larotrectinib after failing multiple lines of prior therapy, but
was also able to undergo treatment with minimal toxicity—
grade 1 fatigue and mild hepatic enzyme elevation have been
the only adverse events observed so far. Larotrectinib is typi-
cally well tolerated, with few dose modifications required in
an analysis of 260 patients.14 This contrasts with sorafenib
and lenvatinib; their use in thyroid cancer may be limited by
a high frequency of adverse events.' 1920

FIGURE 5 Complete response after 8 weeks of larotrectinib
(200 mg/day) treatment in November 2019. No lesions with '5F-

FDG uptake were observed during the PET/CT scan. "*F-FDG,
2-deoxy-2-[fluorine-18] fluoro-D-glucose; PET/CT, positron emission
tomography/computed tomography

Larotrectinib has been evaluated across 15 tumor types
in 159 patients with TRK fusion cancer, and the overall re-
sponse rate (ORR) to larotrectinib was reported as 79%.'
In patients with TRK fusion thyroid cancer who have un-
dergone multiple rounds of prior therapy, larotrectinib has
elicited response rates of approximately 80% and a median
progression-free survival of 24.6 months across papillary,
follicular, and anaplastic subtypes.M’15 33 In addition, a recent
study reported a patient with ETV6-NTRK secretory thyroid
carcinoma who had a long-lasting response (21 months) to
larotrectinib with complete resolution of the radiologically
detectable tumor, and a patient with TPR-NTRKI PTC who
had a 33% decrease in tumor burden and stable disease for
15 months.>* NTRK gene fusions occur relatively frequently
in thyroid cancer—in 2-15% of adult patients, with the high-
est levels observed in post-Chernobyl reactor accident cases,
and in 2-26% of pediatric patients with thyroid cancer.>*** A
number of NTRK gene rearrangements have been observed in
thyroid carcinomas, including ETV6-NTRK3, TPR-NTRK]1,
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Intracranial response of metastatic lesions in the brain following larotrectinib (200 mg/day) treatment. MRI scans show substantial

FIGURE 6

reductions in lesion sizes following 7 months of treatment. MRI, magnetic resonance imaging

RBPMS-NTRK3, SQSTMI-NTRK1/3, and EML4-NTRK3.**
As demonstrated in this case, NTRK-rearranged thyroid
cancer is clinically aggressive with a high rate of metastatic
spread, but with low mortality when treated with TRK in-
hibitor therapy.>* Due to the prevalence and actionability of
NTRK gene fusions, upfront molecular testing should be rec-
ommended for patients with advanced or metastatic RAI-R
DTC, if feasible.*' ™’

Entrectinib, another recently developed TRK inhibitor,
also targets NTRKI-3, but also has activity against proto-
oncogene tyrosine-protein kinase ROS1 (ROS1), anaplastic
lymphoma kinase (ALK), Janus kinase 2 (JAK2), and acti-
vated CDC42 kinase 1 (TNK2).**** At the time of publica-
tion, entrectinib had been evaluated in five patients with TRK
fusion thyroid cancer, with a recorded response in one patient
(ORR 20%).45 Entrectinib has also demonstrated efficacy
in a patient with thyroid cancer harboring a rare EZR-ROS1
gene fusion, previously only observed in non-small cell lung
cancer.*

Inhibitors targeting NTRK gene fusions, such as larotrec-
tinib and entrectinib, are not the only drugs that target a spe-
cific genomic alteration in DTC. The MAPK pathway plays a
key role in pathogenesis of DTC; oncogenic BRAF mutations

are present in approximately 30-70% of PTC cases, followed
by RAS mutations in approximately 15-20% of cases (40-50%
in follicular thyroid cancer), and RET gene fusions in approx-
imately 5% of cases.'>*" Like larotrectinib, novel therapeu-
tic agents in DTC are often highly selective with few targets,
in contrast with the relatively broad inhibitory profiles of
sorafenib and lenvatinib. The combination BRAF/MEK inhib-
itor therapy dabrafenib with trametinib has received Food and
Drug Administration (FDA) approval for anaplastic thyroid
cancer that harbors a BRAF V600 mutation.***° Dabrafenib
and another BRAF V600 inhibitor, vemurafenib, have been
investigated in phase 2 trials in DTC with some promising re-
sults, but neither are currently approved for DTC.>!?
Selpercatinib (LOX0-292) is a potent, highly selective
RET inhibitor that targets both RET rearrangements and mu-
tations. In a phase 1/2 study, selpercatinib demonstrated very
promising efficacy with a tolerable safety profile in 26 pa-
tients with thyroid cancer of all histologies harboring RET
alterations; based upon these results, the FDA has recently
granted selpercatinib priority review status and a phase 3 trial
is currently underway in medullary thyroid cancer (MTC)
(NCT04211337).3 Another highly selective RET inhibitor,
pralsetinib (BLU-667), has also demonstrated good efficacy
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with minimal toxicity in 60 patients with MTC and five pa-
tients with PTC harboring RET alterations in a phase 1/2
trial >*

Highly selective inhibitors targeting oncogenic driver al-
terations in NTRK, RET, and BRAF seemingly open up sev-
eral treatment pathways for patients with advanced RAI-R
DTC. However, these oncogenic drivers typically occur in a
mutually exclusive manner in thyroid cancer, and so each of
these highly selective drugs must be considered as an equiv-
alent, but typically separate, treatment option for advanced
RAI-R DTC.*">

RAI-R DTC is, by nature, an advanced cancer in which
several common molecular targets have been identified and,
therefore, is suitable for genomic profiling, yet the timing
of genomic profiling within the treatment pathway is still a
topic of debate.”” Nevertheless, for this patient, conducting
genomic profiling earlier in the treatment pathway would
have enabled earlier identification of the NTRK gene fu-
sion and administration of larotrectinib. Earlier genomic
profiling at the time of initial disease progression in RAI-R
DTC would have precluded this patient from undergoing
treatment with sorafenib and lenvatinib; these treatments
were unnecessary despite them being the standard of care
for progressive RAI-R DTC that is not amenable to local
treatments, until now. The timing of when and for which
patients to perform genomic profiling in RAI-R DTC is an
ongoing debate.

Alterations in the RTK/BRAF/MAPK/ERK and PI3K/
AKT/mTOR pathways, most notably BRAF and MEK alter-
ations, have been found to underly the molecular mechanisms
of RAI refractoriness.*”® Novel, single-target kinase inhibi-
tors of BRAF and MEK, such as vemurafenib, dabrafenib, and
selumetinib, have had some success at reversing RAI refrac-
toriness in DTC, and RAI resensitization is a very promising
treatment strategy for RAI-R DTC.”*°! Whether inhibition of
the TRK receptor, and the downstream RTK/BRAF/MAPK/
ERK pathways, with larotrectinib is also able to reverse RAI
refractoriness remains to be seen; this was going to be tested
in the patient described in this case, but treatment was inter-
rupted by the global COVID-19 pandemic after confirmation
of a complete response.

In summary, a patient with advanced RAI-R DTC was
able to achieve a complete response following larotrectinib
treatment, including intracranial responses in metastatic
brain lesions. The patient experienced disease progression
on both sorafenib and lenvatinib, leaving limited treatment
options, and so the decision was made to conduct comprehen-
sive genomic profiling. The identification of an NTRK gene
fusion, targetable with larotrectinib, dramatically altered the
treatment pathway for this patient. NTRK gene fusions are
an actionable alteration in DTC, and genomic profiling of
RAI-R DTC should be undertaken to improve the clinical
course for these patients.
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