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Progress in Treating Advanced Thyroid Cancers
in the Era of Targeted Therapy
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Background: Thyroid cancer is a common malignancy whose detection has increased significantly in past
decades. Most of the increased incidence is due to detection of early well-differentiated thyroid cancer, but the
incidence of more advanced thyroid cancers has increased as well. Recent methodological advancements have
allowed for a deep understanding of the molecular underpinnings of the various types of thyroid cancer.

Summary: Thyroid cancers harbor a high frequency of potential druggable molecular alterations, including the
highest frequency of oncogenic driver kinase fusions seen across all solid tumors. Analyses of poorly differ-
entiated and anaplastic thyroid carcinoma confirmed that these tumors develop from more well-differentiated
follicular-derived thyroid cancers through acquired additional mutations. The recognition of driver genomic
alterations in thyroid cancers not only predicts tumor phenotype but also now can inform treatment approaches.
Conclusions: Major progress in understanding the oncogenic molecular underpinnings across the array of
thyroid cancers has led to considerable gains in gene-specific systemic therapies for many cancers. This article
focuses on the molecular characteristics of aggressive follicular-derived thyroid cancers and medullary thyroid

cancer and highlights advancements in treating thyroid cancer in the era of targeted therapy.
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Introduction

THYROID CANCER IS A relatively common malignancy
whose detection has increased more than 400% over the
past four decades. Given the long-term survival of patients
with thyroid cancer, the prevalence of thyroid cancer in the
United States now exceeds 800,000 cases (0.2% of the U.S.
population) (1,2). The increased incidence of thyroid cancer
is thought to be due to an increase in the diagnosis of small,
indolent papillary thyroid carcinomas (PTCs) that do not
impact survival and have led to concerns for overtreatment
(3-7). However, recent evidence shows that the incidence
of more advanced thyroid cancers is also increasing, along
with a small but significant increase in thyroid cancer mor-
tality (8).

Follicular cell-derived thyroid cancers (FDTC) include
PTC, follicular thyroid carcinoma (FTC), Hiirthle cell carci-
noma (HCC), poorly differentiated thyroid carcinoma (PDTC),
and undifferentiated (anaplastic) thyroid carcinoma (ATC),
whereas medullary thyroid carcinoma (MTC) is derived from
the thyroid parafollicular C cell. FDTCs range from very
indolent tumors (papillary thyroid microcarcinomas with a
<1% disease-specific mortality) to some of the most lethal of

all human cancers (ATCs with 98% disease-specific mor-
tality) (9). This article focuses on the molecular character-
istics of aggressive follicular-derived thyroid cancers and
medullary thyroid cancer, particularly related to advance-
ments in targeted therapies.

Follicular-Derived Thyroid Cancer

Recent methodological advancements have allowed for
a deep understanding of the molecular underpinnings of thy-
roid cancer. Landmark work by The Cancer Genome Atlas
(TCGA) program identified genotype—phenotype correla-
tions in 496 PTCs, characterizing the majority of PTCs into
BRAF- or RAS-like tumors based on transcriptional out-
put (10). BRAF-like tumors include classical and infiltrative
follicular variant of PTC (FVPTC), whereas RAS-like tumors
include benign follicular adenomas, noninvasive follicular
tumors with papillary-like nuclear features (NIFTP), FTC,
and the encapsulated, invasive FVPTC (11). The findings
by TCGA set the stage for reclassifying thyroid cancers into
molecular subtypes that predict their natural history. With
follicular histologies, Yoo et al. found that expression pro-
files of minimally invasive FTC, benign follicular adenoma,
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and encapsulated FVPTC were similar, suggesting that re-
classification of tumors based on genotype may be more
useful clinically (12). Subsequent comprehensive analyses of
PDTCs and ATCs confirmed that these tumors develop from
more well-differentiated FDTCs through the accumulation of
additional mutations, even when no well-differentiated pre-
cursor is noted on pathology (13,14).

HCC is now considered distinct from FTC based on two
landmark studies of genetic drivers of HCC (15-17). Speci-
fically, many HCCs exhibit widespread chromosomal loss
leading to near-haploid state, recurrent mitochondrial DNA
mutations affecting complex I of the mitochondrial electron
transport chain, and recurrent nuclear DNA mutations and
kinase fusions. The recognition of driver genomic alterations
in FDTC not only predicts tumor phenotype but also may
inform treatment approaches. In fact, recent next-generation
sequencing (NGS) of >10,000 cancers revealed that 61% of
thyroid cancers harbored potentially druggable genomic al-
terations, which was the second highest rate of actionable
alterations seen across all tumor types studied (18).

Radioiodine-Resistant Differentiated
Thyroid Cancer

Radioactive iodine (RAI, 131I) is the most common adju-
vant therapy for FDTC after thyroidectomy. Unfortunately,
many patients with advanced thyroid cancer have de novo
or develop resistance to '*'I. Although the term radioiodine-
resistant (RAIR) differentiated thyroid cancer (DTC) is
variably defined, the overall prognosis of patients with un-
resectable and/or metastatic RAIR-DTC is much worse com-
pared with those with metastatic FDTC that is RAI-sensitive
(10-year survival of <20% vs. 92%) (19-21).

Two recent phase III trials, DECISION and SELECT, es-
tablished nonselective multikinase inhibitors (MKIs) as the
standard of care for patients with progressive RAIR-DTC
(Table 1). In DECISION, 417 patients with progressive
RAIR-DTC were randomized to receive sorafenib versus
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placebo (22,23). In SELECT, 392 patients with progressive
RAIR-DTC were randomized to receive lenvatinib versus
placebo. Both sorafenib and lenvatinib are oral small-
molecule MKIs that inhibit several shared kinases, including
VEGFR1-3, RET, KIT, and PDGFR. The primary endpoint
of both trials was progression-free survival (PFS). With
sorafenib, the median PFS was 10.8 months versus 5.8
months with placebo, and the objective response rate (ORR)
per Response Evaluation Criteria in Solid Tumors (RECIST)
was 12.2%. With lenvatinib, the median PFS was 18.7
months versus 3.7 months with placebo, and the ORR was
64.8%. Although neither trial demonstrated an overall sur-
vival (OS) advantage, this may have been due to the trial
designs incorporating crossover from placebo to active
treatment in patients randomized to placebo at the time of
disease progression. Adverse events (AEs) related to sor-
afenib and lenvatinib are primarily attributed to VEGFR2
inhibition and include hand—foot skin reaction, hypertension,
diarrhea, anorexia, weight loss, and fatigue. Treatment-
related AEs led to dose reductions in 64.3% and discontinu-
ation in 18.8% of participants in DECISION, and 67.8% and
14.2% in SELECT, respectively. While significant im-
provements in PFS were seen in both trials, toxicity and
impact on quality of life (QoL) are a concern, creating
challenges for patients and clinicians, particularly with
regard to deciding when to initiate MKI therapy. In clinical
practice, the need to initiate MKI therapy in patients who are
symptomatic, or who have a significant burden of rapidly
progressive disease is clear. However, in patients with less
aggressive disease, it can be difficult to decide in favor of
ongoing active surveillance versus starting treatment despite
impact of treatment-related AEs on QoL (24,25).

Fusion-Driven Thyroid Cancer

TCGA analysis showed that thyroid cancers harbor the
highest frequency of oncogenic driver kinase fusions of all
solid tumors, at a rate of 12% (26). Recent evaluation of

TABLE 1. REGISTRATIONAL TRIALS IN NONSELECTIVE INHIBITORS FOR ADVANCED THYROID CANCERS

Drug Target(s) Trial Patient population Trial design Primary outcome
RAIR-DTC
Sorafenib VEGFR1-3, RET, DECISION 417 Patients with Placebo-controlled Median PFS=10.8
RAF, PDGFRf 22) progressive phase IIT months (sorafenib)
RAIR-DTC vs. 5.8 months
(placebo)
Lenvatinib VEGFR1-3, SELECT 392 Patients with Placebo-controlled Median PFS=18.3
FGFR1-4, (23) progressive phase III months (lenvatinib)
PDGFR«, RET, RAIR-DTC vs. 3.6 months
KIT (placebo)
MTC
Vandetanib VEGFR1-3, RET, ZETA (63) 331 Patients with Placebo-controlled Median PFS=30.5
EGFR, BRK, RECIST phase III months (est.)
TIE2, EPHR, measurable MTC (vandetanib) vs. 19.3
SRC months (placebo)
Cabozantinib VEGFR1-3, RET, EXAM (65) 330 Patients with Placebo-controlled Median PFS=11.2
MET, KIT, progressive MTC phase IIT months
TRKB, FLT-3 (cabozantinib) vs. 4.0

months (placebo)

MTC, medullary thyroid carcinoma; PES, progression-free survival; RAIR-DTC, radioiodine-resistant differentiated thyroid cancer;

RECIST, Response Evaluation Criteria in Solid Tumors.



TARGETED THERAPY IN THYROID CANCER

fusion-driven thyroid cancers identified typical histological
features, including multinodular growth, prominent fibrosis,
and lymphovascular spread (27). This triad of features in
combination with the absence of BRAF"°?F positivity sug-
gests the presence of a driver kinase fusion, many of which
are now druggable. Two unique aspects of oncogenic fu-
sions have particular clinical relevance in thyroid cancer:
(i) Oncogene fusions are especially common in pediatric
thyroid cancers, seen in 56% thyroid cancers diagnosed in
patients up to 20 years of age; and (ii) Most kinase genes
involved in rearrangements have multiple different 5" fusion
partners, and thus, NGS assays used to interrogate thyroid
cancers for actionable alterations in treatment decision-
making should have the capability of detecting all the many
known and as yet unidentified fusion partners (28).

The neurotrophic tyrosine kinase receptor genes
(NTRK1-3) encode for TRK kinases that play a role in neu-
ronal development. NTRK genes are not expressed in normal
thyroid follicular epithelium. However, gene rearrangements
with 5’ fusion partners and NTRK lead to expression of the
fusion protein and constitutive activation of TRK kinases
(29). Larotrectinib, a TRK-specific oral small-molecule in-
hibitor, was the first small-molecule inhibitor that gained
tumor-agnostic Food and Drug Administration (FDA) ap-
proval in oncology (Table 2). In a pooled analysis of three
phase I and II trials enrolling a total of 159 patients with
various NTRK fusion-positive cancers, thyroid cancer was the
second most common adult cancer type enrolled (30). Of the
24 thyroid cancer patients enrolled, 19 (79%) experienced an
objective response by RECIST v1.1, and the median duration
of response (DoR) was not reached at a median follow-up of
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25.9 months. Larotrectinib demonstrated a favorable toxicity
profile with grade 3 or higher treatment-related AEs being
uncommon. On-target AEs attributed to TRK inhibition, in-
cluding paresthesias and dizziness, were generally manage-
able (30). Entrectinib, designed to inhibit TRK, ROS1, and
ALK kinases, soon followed in approval (31,32). As seen
in other oncology settings in which potent gene-specific
therapies have been developed, acquired resistance to TRK
inhibition has emerged, a common theme of which is ac-
quired mutation in the kinase domain blocking drug activ-
ity. Second-generation therapies, including selitrectinib and
repotrectinib, developed to maintain potency against multi-
ple acquired TRK kinase resistance mutations, are now in
clinic trials.

REarranged in Transfection (RET) is the most commonly
rearranged oncogene in thyroid cancer. Less than 10% of
PTCs in the TCGA analysis harbored RET fusions, while RET
fusions are seen in ~30% of PTCs occurring in children and
young adults and are even more common in radiation-
induced PTCs. CCDC6 (also known as RET/PTC1) and
NCOA4 (also known as RET/PTC3) are the two most com-
mon 5" RET fusion partners (10,33,34). However, in thy-
roid cancer, more than 20 different 5" fusion partners with
RET have now been identified. The first two RET-specific
inhibitors, selpercatinib and pralsetinib, have now com-
pleted first-in-human clinical studies. Selpercatinib and
pralsetinib were designed to potently and specifically inhibit
RET while minimizing off target toxicity from inhibition
of other kinases, including VEGFR2. Both drugs inhibit
the wild-type RET kinase activated in RET fusion-driven
cancers, as well as the array of RET mutations seen in MTC,

TABLE 2. REGISTRATIONAL TRIALS IN GENE-SPECIFIC INHIBITORS FOR ADVANCED THYROID CANCERS

Drug Target(s) Trial Patient population Trial design Primary outcome
RAIR-DTC
Larotrectinib TRK A, B, C  SCOUT and 19 Patients with NTRK Pooled results ORR=79%
NAVIGATE (30) fusion-positive from three
RECIST measurable phase I/IT
disease® trials
Entrectinib TRK A, B, C, ALKA, STARTRK 5 Patients with NTRK  Pooled results ORR=20%
ROS1, ALK 1&2 (31) fusion-positive from three
RECIST measurable phase /I
disease trials
Selpercatinib RET LIBRETTO-001 19 Patients with RET Phase I/I1 ORR=79%
(36) fusion-positive
RECIST measurable
disease
Pralsetinib RET ARROW® (37)
MTC
Selpercatinib RET LIBRETTO-001 55 Patients with prior Phase I/I1 ORR =69% (prior
(36) vandetanib and/or vandetanib and/or
cabozantinib and 88 cabozantinib);
patients with no prior ORR=73%
vandetanib or (no prior
cabozantinib, vandetanib or
RECIST measurable cabozantinib)
Pralsetinib RET ARROW® (37)

“Included seven patients with ATC.
"Included two patients with ATC.
“Results not published by the time of this writing.

ATC, anaplastic thyroid carcinoma; NTRK, neurotrophic tyrosine kinase receptor; ORR, objective response rate; RET, REarranged in

Transfection.
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including the multiple endocrine neoplasia type 2A (MEN2A)-
related RET V804M/T mutations that have also arisen as
acquired resistance mutations in RET-driven cancers treated
with MKIs (35).

Selpercatinib was studied in LIBRETTO-001, an open-
label phase I/II trial in patients with RET-driven nonsmall cell
lung and thyroid cancers (36). A total of 531 patients were
enrolled across all cohorts. Nineteen patients with previously
treated RET fusion-positive advanced thyroid cancer were
enrolled, including two patients with ATC. The ORR was
79%, with a median DoR and PFS of 18.4 and 20.1 months,
respectively. Activity in MTC is detailed below. The safety
profile was consistent with the RET-specific drug design,
with most AEs being grade 1 or 2 and reversible. The most
common treatment-related grade 3/4 AEs included hyper-
tension, transaminitis, and diarrhea. Thirty percent of patients
had dose reduction, and only 2% of patients had discontin-
uation of therapy due to treatment-related AEs. Based on
LIBRETTO-001 outcomes, selpercatinib was the first RET-
specific inhibitor to gain a line-agnostic approval by the FDA
for RET-driven nonsmall cell lung and thyroid cancers.

Although only preliminary results from the pralsetinib phase
I/IT ARROW trial are available at the time of this writing, these
promising data led to recent FDA approval for both RET-driven
nonsmall cell lung and thyroid cancers (37). As seen with
NTRK-specific therapy, acquired resistance to selpercatinib
and pralsetinib has emerged, as is described below.

ALK fusions are less commonly seen in FDTC. To the best
of our knowledge, ALK-driven thyroid cancer patients have
not been enrolled in any ALK inhibitor clinical trials; how-
ever, case reports detail efficacy of ALK inhibitor therapy
in patients with ALK fusion-positive RAIR-DTC. Remark-
able efficacy has even been described in a patient with ALK
fusion-positive ATC (38-40).

PAX8-PPARG gene fusions have been identified in ap-
proximately one-third of FTCs and are thought to be onco-
genic (41). While identification of this gene fusion may aid
in the cytological diagnosis of FTC, targeted therapy against
the PAX8-PPAR-y fusion protein has not yet emerged as a
viable treatment approach in patients with FTC.

Mitogen-Activated Protein Kinase-Driven DTCs

Activating BRAF"%°°F and N/H/K RAS mutations are the
most common potentially druggable alterations in PTCs
and FTCs, respectively. In TCGA analysis, 60% of PTCs
were found to harbor BRAFY°F mutations (10). These
tumors exhibit robust mitogen-activated protein kinase
(MAPK) activation with high ERK transcriptional output
promoting cell cycle progression, proliferation, and survival.
Vemurafenib and other MAPK pathway inhibitors were ini-
tially developed to treat BRAF"°*’ -mutant melanoma (42).
Success in melanoma prompted phase II study of vemur-
afenib in progressive BRAF"°*’E-mutant RAIR PTC (43).
Twenty-six treatment-naive patients were enrolled in cohort
1, and 25 patients previously treated with a VEGFR MKI
were enrolled in cohort 2. ORRs were 38.5% and 27.3%, and
the median PFS was 18.2 and 8.9 months, respectively.
BRAF inhibition without concomitant MEK inhibition can
lead to the development of cutaneous squamous cell car-
cinomas, which emerged on treatment in 27% and 20%
of patients in cohorts 1 and 2, respectively. Other grade 3
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or higher AEs were uncommon, including lymphopenia and
transaminitis. The BRAF inhibitor, dabrafenib, alone or in
combination with the MEK inhibitor, trametinib, has also
been studied in a similar patient population [NCT01723202].
To date, no large-scale definitive study evaluating the role
of BRAF inhibition in RAIR BRAF"**’*-mutant PTC has
been reported. As a result, this approach has not gained reg-
ulatory approval, nor become an established first-line gene-
specific treatment in advanced BRAF"*?’“-mutant PTC.

RAS mutations are found in ~ 30% of all human cancers. Yoo
et al. found activating H/N/K RAS mutations in FVPTC, min-
imally invasive FTC, and follicular adenomas at rates of 48%,
50%, and 24%, respectively (12). RAS genes encode for small
GTPase proteins that act as molecular switches conducting
MAPK signaling and thus are attractive targets for therapeutic
intervention. However, the development of conventional small-
molecule inhibitors of RAS isoforms has been challenged by
their lack of large pockets for drug binding and intracellular
protein—protein interactions that are difficult to overcome (44).
Novel RAS inhibitory compounds are under active investiga-
tion, but have yet to make headway in thyroid cancer (45).

Blockade of the MAPK signaling cascade is of interest for
the direct treatment of BRAF- and RAS-driven RAIR-DTCs.
Upregulation of the pathway is one mechanism underlying
thyroid cancer dedifferentiation, correlating with loss of ex-
pression of the sodium/iodine symporter and other thyroid
hormone biosynthesis genes (46). Therefore, treatment with
MAPK pathway inhibitors may reverse the loss of '*'I uptake
in RAIR disease and re-sensitize these tumors to treatment with
1311, This redifferentiation strategy is particularly appealing in
low volume, slow growing metastatic disease for which MKI
treatment seems overly aggressive. MAPK inhibition need only
be prescribed for weeks at a time before "' therapy and, if
successful, could be repeated at a future time.

A proof-of-principle study by Ho et al. established the
potential for MAPK pathway blockade to reverse loss of '>'I
uptake by pretreating patients with RAIR-DTC with the
MEK inhibitor, selumetinib (47). Of 20 evaluable patients
enrolled, 8 met a prespecified dosimetry threshold by '**I
positron emission tomography (PET) indicating redifferen-
tation. All five patients harboring NRAS mutations met the
dosimetry threshold for treatment compared with only one
of nine patients with BRAF"°’X mutations. These results led
to ASTRA, a randomized Phase IIT trial of selumetinib ver-
sus placebo followed by "' treatment in 233 patients at
high risk of treatment failure based on surgical outcomes,
with a primary endpoint of complete remission at 18 months
[NCT02393690] (48). Patients were enrolled regardless of
mutation status, which may be one reason why the trial did
not meet its primary endpoint. A third trial of pretreatment
with selumetinib versus placebo plus '*'I treatment in pa-
tients with RAI-avid recurrent/metastatic thyroid cancers
sponsored by the International Thyroid Oncology Group has
completed enrollment [NCT02393690].

Direct BRAFY*°F blockade with dabrafenib or vemur-
afenib for redifferentiation in BRAF-mutant RAIR PTC has
also been evaluated in two small studies (49,50). Pretreat-
ment with both drugs reversed '*'I insensitivity in a subset of
patients enrolled. These patients were then treated with '>'I
and some experienced regression of measurable disease.
Taken together, these redifferentiation studies show promise,
but definitive evidence of clinical benefit is lacking.
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Medullary Thyroid Carcinoma

Medullary thyroid carcinoma (MTC) is a primary neo-
plasm of the thyroid gland arising from parafollicular or C
cells, which are developmentally, phenotypically, and func-
tionally distinct from thyrocytes. MTCs account for <5% of
thyroid cancer diagnoses, but ~ 13% of thyroid cancer deaths
(51). Patients presenting with early-stage disease without
nodal metastasis have a >80% chance of cure with surgery
alone, whereas lymph node metastasis at presentation sig-
nificantly reduces the rate of cure (52). For patients with
recurrent/metastatic MTC, the median 10-year disease-
specific survival is 44%.

The majority of MTCs are driven by a mutation in RET.
Approximately 7% of MTCs diagnosed as an isolated nodule
occur in patients with hereditary MEN2A or MEN2B due to
a germline RET mutation. However, screening of family
members of probands with germline RET mutation uncovers
many other cases. Therefore, 25% of all MTCs are due
to germline RET mutations. Approximately 60% of patients
with sporadic MTC harbor somatic RET mutations (53). In
RET wild-type MTC, somatic mutations in RAS family genes
are the next most common potentially actionable geno-
mic alterations, occurring in 10% to 15% of sporadic MTCs
(53-56).

Genotype—phenotype correlations in MTC are well char-
acterized. In MEN2A, more than 95% of patients harbor
germline RET mutations in the extracellular cysteine-rich
domain, especially at codon 634. In MEN2B, the germline
RET M918T mutation predominates. Specific germline RET
mutations correlate with both the age of onset of MTC in
carriers, as well as the aggressiveness of the disease. For
example, RET M918T carries the highest risk of aggressive
MTC, according to the American Thyroid Association (ATA)
guidelines (57). Children harboring this mutation are at risk
for developing MTC before one year of age and should un-
dergo surgery as soon as the diagnosis is made. RET C634
mutations fall into the ATA higher risk category. Children
with mutations at this codon can develop MTC in the first
few years of life, and thus should undergo prophylactic thy-
roidectomy before five years of age. Specific germline RET
mutations influence of prevalence of other components of
MEN?2, including pheochromocytoma, primary hyperpara-
thyroidism, and cutaneous lichen amyloidosis. Primary hy-
perparathyroidism does not occur in MEN2B, but carriers do
have unique somatic characteristics, including typical facies,
marfanoid body habitus, mucosal neuromas of the tongue,
lips, and eyelids, and ganglioneuromatosis of the gastroin-
testinal tract (57).

Genotype—phenotype correlation is also seen in sporadic
MTC. For example, RET M918T is the most frequent somatic
mutation in sporadic MTC and correlates with more ad-
vanced stage at diagnosis, distant metastatic disease, and
death, compared to patients without this somatic mutation
(58,59). In contrast, RAS mutations are generally associated
with a less aggressive MTC phenotype and better overall
prognosis (56,60,61).

Vandetanib, an MKI originally developed to inhibit
VEGFR2 and VEGFR3, and EGFR, was also found to inhibit
the RET tyrosine kinase, leading to the first clinical trials
of an MKI in MTC (62). Promising activity seen in the trial
of vandetanib in hereditary MTC subsequently led to the
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international double-blind phase III ZETA trial (63,64).
ZETA enrolled 331 patients with unresectable or metastatic
MTC. Participants were randomized to receive vandetanib
or placebo until disease progression. Upon disease progression,
participants were unblinded, and those on placebo were offered
crossover to open-label vandetanib. The primary endpoint was
PES, the median of which not been reached at a median follow-
up of 24 months in the vandetanib group, with modeling pro-
jecting the median would approximate 30.5 months, compared
with 19.3 months with placebo. Of note, disease progression
was not required for enrollment, likely explaining the long
median PES in the placebo group. ORR with vandetanib was
45%. AEs, including diarrhea, rash, nausea, and hypertension,
were common and led to dose reduction and discontinuation in
35% and 12% of participants, respectively. A less common but
potentially serious AE was QTc prolongation, and five deaths
on the vandetanib arm were attributed to AEs.

Cabozantinib is a similar MKI targeting VEGFR2, MET,
and RET. The EXAM trial randomized to cabozantinib or
placebo (65). Three hundred thirty patients with unresectable
or metastatic MTC with disease progression per RECIST at
study entry were enrolled. This study did not incorporate
crossover from placebo to active drug upon progression. In
EXAM, the PFS was prolonged from just 4.0 months with
placebo to 11.2 months with cabozantinib, while the ORR
was 28%. Of note, the median PFS times observed in both the
placebo and cabozantinib arms are shorter than those ob-
served in either arm of the ZETA trial, likely explained by
differences in patient eligibility. While no significant dif-
ference in OS was observed in EXAM, exploratory analysis
did reveal an OS benefit with cabozantinib in the subset
of participants with RET M918T mutation-positive tumors
(median OS=44.3 months vs. 18.9 months, respectively)
(66). Additional subset analyses in both trials demonstrated
benefit regardless of the presence or absence of RET muta-
tions, suggesting that efficacy of either drug cannot be at-
tributed to RET inhibition alone. Typical of MKIs, AEs were
common with cabozantinib, with grade 3 or higher AEs
reported in 69% of participants, the most common of which
were diarrhea, hand—foot syndrome, and fatigue. AEs at-
tributed to VEGFR inhibition included hypertension and
hemorrhage, observed in 25% of participants or more. Less
common side effects included fistula formation and gas-
trointestinal perforation. Dose reduction for toxicity was re-
quired in 79% of cabozantinib-treated patients, and 16% had
discontinuation of treatment due to toxicity.

Activating RET mutations and fusions emerged as attrac-
tive targets for the development of selective RET inhibitors
given the toxicity and disappointing clinical activity of less
selective MKIs (35,67). As noted above, two new small-
molecule inhibitors, selpercatinib and pralsetinib, were de-
veloped as highly selective and potent RET inhibitors with
minimal off target activity (67).

LIBRETTO-001 enrolled patients with RET-driven cancers
into a phase I trial of selpercatinib, followed by expansion
phase II cohorts in NSCLC, thyroid cancers, and other cancers
harboring activating RET alterations (36,68). The three thy-
roid cancer cohorts were: (i) patients with RET-mutant
MTC previously treated with vandetanib and/or cabozantinib
(n=55); (i) patients with RET-mutant MTC not previously
treated with vandetanib or cabozantinib (n=88); and (iii) pa-
tients with RET fusion-positive previously treated advanced
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FDTC (n=19), described above. In the two MTC thyroid
cohorts, ORRs were 69% and 73%, respectively. Responses
were durable, with PFS rates at one year of 82% and 92%,
respectively. Responses were seen across all RET mutations.
Consistent with the RET specificity of the drug, fewer partic-
ipants experienced AEs than would be expected with MKIs.
AEs were primarily grade 1 and 2, with the most common
grade 3 or higher being hypertension, transaminitis, hypona-
tremia, and diarrhea. Of all participants in the trial, 30% re-
quired dose reduction and only 2% had discontinuation of
selpercatinib due to toxicity. Results of patient-reported out-
comes in the MTC cohorts paralleled efficacy and safety
outcomes (69). Based on LIBRETTO-001 outcomes, selper-
catinib is now FDA approved for adult and pediatric patients
aged =12 years with advanced or metastatic RET-mutant MTC
and RET fusion-positive thyroid cancer, and for adults with
RET fusion-positive NSCLC, all of which are agnostic to the
line of therapy. Importantly, an international randomized trial,
LIBRETTO-531, comparing selpercatinib with physician’s
choice of vandetanib or cabozantinib in patients with advanced
progressive RET-mutant MTC is underway [NCT04211337].

The ARROW trial similarly investigated pralsetinib in
RET-altered cancers. Preliminary results presented for two
MTC cohorts enrolled in the phase II portion of the trial: (i)
RET-mutant MTC with prior vandetanib and/or cabozantinib
(n=153); and (ii)) RET-mutant MTC with no prior systemic
therapy (n=19) were promising enough to lead to recent
FDA approval (37).

While these first-generation RET-specific inhibitors are
practice-changing, acquired resistance has now emerged in
selpercatinib- and pralsetinib-treated NSCLC and MTC (70-
72). The first report detailed two patients with RET fusion-
positive NSCLC and one patient with germline RET M918T
MTC, who initially responded to RET-specific inhibition,
only to subsequently progress on therapy. At the time of
progression, acquired RET G810 mutations in the kinase
solvent front were found. Based on structural modeling, al-
teration of this glycine residue appears to sterically hinder
drug binding at the kinase domain. Further study of acquired
resistance to RET-specific inhibition has revealed acquired
MET and KRAS amplification as additional mechanisms of
resistance. These findings are already leading to new clinical
trials for patients with RET-driven malignancy, including a
first-in-human trial of TPX-0046, a small-molecule inhibitor
designed to inhibit the SRC kinase as well as RET, including
RET G810 mutations [NCT04161391].

Our Approach

Molecular profiling optimizes clinical management with
systemic therapy in patients with advanced thyroid cancers
and is consistent with current National Comprehensive
Cancer Network guidelines (73). We advocate for an algo-
rithmic approach to testing in all patients with advanced
thyroid cancer in need of systemic treatment (Fig. 1). In
FDTC, BRAF"*?% can first be excluded by immunohisto-
chemistry, followed by more extensive testing in BRAF wild-
type tumors (27). Like other institutions, we have developed
a comprehensive NGS platform for identifying germline
and somatic alterations relevant to prognosis and treatment
in multiple tumor types, and we find this to be an efficient
upfront test for most cases of advanced thyroid cancer. In
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addition, several validated commercial platforms are avail-
able, predominantly for fine-needle aspiration specimens
(74), but also validated on biopsy tissues (75).

Given the prominent role oncogenic fusions play in FDTC,
and the numerous different 5" fusion partners found with
RET, NTRK 1/3, and ALK, our NGS testing incorporates a
robust method for detecting fusions. This involves Anchored
Multiplex PCR (AMP™) that permits amplification of both
known and unknown genomic sequences of interest, allowing
for detection of both known and novel gene fusions (76).
Because most targetable molecular alterations are oncogenic
drivers present in the primary tumor and metastatic disease,
archival specimens are often adequate for initial testing. If
inadequate, biopsy of locoregionally recurrent or metastatic
disease specifically for testing is indicated given the potential
impact on treatment decisions. Re-biopsy should also be
considered upon disease progression on targeted therapy, to
evaluate for potentially targetable mechanisms of acquired
resistance (77). Liquid biopsy by assaying circulating tumor
(ct) DNA is of interest in advanced thyroid cancer, although
challenging given the lower levels of circulating substrates.
The utility of ctDNA is under investigation and may be
particularly useful in detecting the emergence of acquired
resistance in patients on gene-specific therapy (78,79).

In addition to testing for oncogenic point mutations, in-
sertions and deletions, gene amplifications, and fusions, bio-
markers related to immunotherapy, such as tumor mutational
burden (TMB) and programmed death-ligand 1 (PD-L1) ex-
pression, are becoming increasingly relevant and are incor-
porated into many molecular platforms in use or available as
adjuvant testing. We have recently incorporated TMB as a
subheading in our standard NGS reports, with PD-L1 testing in
thyroid still under investigation, particularly in regard to ATC
(80). Identifying the best NGS platform for a given patient can
be challenging and any specific NGS platform recommenda-
tion is outside the scope of this review. However, best practice
guidelines are available (81).

We also believe that offering all thyroid cancer patients
treatment within clinical trials is a priority whenever possible.
When clinical trial participation is not possible, our multidis-
ciplinary team personalizes recommendations based on multi-
ple factors, including histological diagnosis, tumor burden and
pace of disease progression, tumor genotype, and patient
preference. In RAI-refractory DTC, systemic therapy is not
recommended for patients with increasing thyroglobulin alone
but is considered for patients with disease progression by RE-
CIST. Given the frequency of brain metastases in patients with
advanced RAlI-refractory DTC, brain magnetic resonance im-
aging (MRI) is usually incorporated into baseline imaging.
RET- or NTRK-directed therapies are considered as possible
first-line options in these fusion-driven cancers based on the
clinical efficacy of these agents, favorable toxicity profiles, and
line agnostic FDA approvals. In the absence of a targetable
fusion, we favor lenvatinib as the standard first-line MKI given
the high ORR and durable PFS benefit seen in SELECT.

The decision of when to start kinase inhibitor therapy can
be challenging, especially with the potential for MKI toxi-
cities impacting patient QoL. Some practitioners may wish
to hold off on starting an MKI until symptoms from disease
progression are impending; however, recent post hoc data
from SELECT suggest that clinical benefit may be compro-
mised when therapy is initiated late in the course of disease
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(82,83). Thus, we generally favor initiating lenvatinib in
patients with progressive RAl-refractory DTC earlier in the
disease process, before the imminent development of symp-
toms. We use the FDA-approved starting dose in most pati-
ents, and when dose holds are needed for toxicity, we keep
the holding time as short as possible. In patients with
BRAFY®!_mutant RAlI-refractory DTC, we do not favor
adopting BRAF-directed therapy as first-line treatment, as
the phase II data suggest that BRAF-directed activity is not
as robust as lenvatinib activity in these patients. Exceptions
include cases in which lenvatinib is contraindicated due
to comorbid conditions. BRAF-directed therapy in a clinical
trial or off label is a reasonable second-line approach for
BRAF"%E_mutant patients who discontinue lenvatinib due

to disease progression or treatment-related AEs. An addi-
tional second-line option is now available based on the
COSMIC-311 phase III trial demonstrating a significant de-
crease risk of disease progression and death with cabozanti-
nib compared with placebo in patients with previously treated
RAl-refractory DTC [NCT03690388].

Many patients with RAI-refractory DTC have low volume,
slow-growing disease. It can be difficult to justify commit-
ting such patients to ongoing systemic therapy for months
to years, even if gene-specific therapy is available. When al-
terations are present in the MAPK pathway, our multidisci-
plinary team considers redifferentiation strategies, preferably in
a clinical trial, with the hope to elicit tumor response as well as
to delay the need to initiate more intensive systemic therapy.
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In patients with advanced MTC, if not already done, pa-
tients are referred for genetic counseling and germline RET
testing. In patients with sporadic disease, we use our in-house
NGS platform for somatic RET testing, which also can detect
RAS-mutant MTC in RET-wild-type tumors. Monitoring
calcitonin and carcinoembryonic antigen (CEA) doubling
times is useful in estimating prognosis. Our standard imaging
includes computed tomography plus MRI protocoled for optimal
imaging of the liver. Brain MRI is also frequently performed.
Treatment in the case of rising tumor markers alone is not in-
dicated at present. However, when patients have RECIST-
measurable disease that is progressive within one year or less, or
when patients have bulky and/or symptomatic disease at pre-
sentation, systemic therapy is generally indicated. In RET-driven
MTC, two new phase III trials are underway comparing, re-
spectively, selpercatinib and pralsetinib, to physician’s choice
vandetanib or cabozantinib [NCT04211337; NCT04760288].
Both studies ask not only the question of which approach,
gene-specific or MKI therapy, offers the best clinical out-
comes for patients with RET-mutant MTC but also should
help establish the optimal sequence of treatment.

Conclusions

With improved multidisciplinary approaches to the treat-
ment of advanced thyroid cancers, patient outcomes are
improving. Major progress in understanding the oncogenic
molecular underpinnings across the array of thyroid cancers
has led to considerable gains in gene-specific systemic ther-
apies for many cancers. It is now clear that there is a com-
pelling need for NGS testing in patients with advanced
thyroid cancer in need of systemic therapy to identify those
patients for whom gene-specific therapy may be available.

The presence of distant metastatic disease is often suffi-
cient to dictate the initiation of systemic treatment. However,
many patients with metastatic FDTC and MTC are asymp-
tomatic with relatively slowly progressive disease. Decisions
regarding when to start treatment in these patients are diffi-
cult. If a highly effective treatment with minimal toxicity is
available, then earlier treatment, such as when distant dis-
ease is first recognized, may offer the greatest clinical ben-
efit. Conversely for treatments with high toxicity, striking a
balance between benefit and risk is more challenging.

We remain in our infancy in terms of deciding who needs
treatment for advanced disease and what variables will best
inform that decision. For example, patients with DTC whose
distant metastases are FDG-PET positive have a worse out-
come than those whose tumors are FDG-PET negative (2).
The presence of TERT promoter mutations in addition to
BRAF or RAS predicts a worse outcome (84). Moreover,
rapid calcitonin and/or CEA doubling times in MTC are
associated with a worse prognosis (85). How these addi-
tional variables should influence the decision to treat based
on clinical findings remains uncertain.

Further future directions will hopefully include definitive
studies of redifferentiation, neoadjuvant therapy in patient
with bulky neck disease, immunotherapy particularly in
ATC, and the optimal sequencing of systemic therapy in all
patients with advanced thyroid cancer now that multiple
treatment options are available for most. More study is nee-
ded, and the principle of primum non nocere remains an
important principle in the field.
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