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Abstract: Although patients with thyroid cancer generally fare well, there is a subset for which
this is not necessarily true. Progress in understanding the molecular aberrations in thyroid cancer
has led to a change in the management of these cases. Since 2011, four multikinase inhibitors
(MKIs) have been approved by the US Food and Drug Administration for thyroid cancer —
cabozantinib and vandetanib for medullary thyroid cancer and sorafenib and lenvatinib for
differentiated thyroid cancer. This change in the treatment landscape has raised challenges for
practitioners who may not be familiar with the use of MKIs or with the treatment and natural
history of advanced thyroid cancer in general. This article reviews the epidemiology, molecular
drivers, and initial treatment of patients with thyroid cancer and offers practical guidance to
assist with the determination of when to appropriately start an MKI. As an example, cabozan-
tinib and its efficacy are discussed in detail. Close monitoring is required for all patients on
targeted agents to assess for adverse effects and response to therapy. An approach to managing
drug-related adverse events is detailed. Since these drugs are not curative and have not yet
proven to prolong overall survival, it is critical to weigh the risks and benefits of treatment at
every visit. The potential value of changing to a different agent following failure of an MKI is
also addressed.
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Introduction

More than a decade ago, the first drugs that target specific molecular aberrations in
cancer entered the market. Over the years, this concept has been applied to several
different targets for many types of cancer. The identification of molecular targets
relevant to thyroid cancer has led to significant gains in the treatment of patients with
advanced thyroid cancer, including approval by the US Food and Drug Administration
(FDA) of four targeted multikinase inhibitors (MKIs) — cabozantinib and vandetanib
for medullary thyroid cancer (MTC) and sorafenib and lenvatinib for differentiated
thyroid cancer (DTC). The molecular pathways relevant to thyroid cancer as well as
potential drugs to target those pathways have been fertile areas of investigation. This
review discusses the current knowledge of these molecular alterations, with a focus
on the use of cabozantinib in patients with thyroid cancer.

Cabozantinib (XL184) is an MKI developed by Exelixis, Inc. (San Francisco).
The chemical name of cabozantinib (S)-malate is N-(4-(6,7-dimethoxyquinolin-
4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide, (25)-
hydroxybutanedioate.! This agent became a focus of interest in thyroid cancer when it
was found to inhibit many of the kinases that play a role in this cancer. The data regarding
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its efficacy in the treatment of thyroid cancer are discussed
along with practical guidance concerning its clinical use.

Epidemiology of thyroid cancer
Thyroid cancer is the most common endocrine malignancy
and was the ninth most frequently diagnosed cancer in the
USA in 2014. According to the US Surveillance, Epide-
miology, and End Results (SEER) Program, there were an
estimated 62,980 new cases of thyroid cancer in the USA
in 2014. Furthermore, the estimated prevalence of thyroid
cancer in the USA was 566,708 in 201 1. Over time, there has
been an increase in incidence of 5.5% each year, and death
rates have risen at a rate of 0.8% each year.?

Fortunately, SEER data indicate that 68% of patients have
localized disease at diagnosis, and these patients have a 5-year
survival rate of 99.9%. Another 26% of patients have regional
spread, and 4% have distant spread at diagnosis. Approximately,
9% of patients with DTC will be found to have distant metas-
tases during their lifetime.* For those with anaplastic thyroid
cancer (ATC), more than 90% will develop metastatic disease.*
Even though the survival rate for early-stage disease is excel-
lent, the same cannot be said for advanced-stage disease. The
estimated number of deaths due to thyroid cancer in the USA
was 1,890 in 2014, and the 5-year survival rate for those with
distant disease at diagnosis is only 54.7%.?

Thyroid cancers are grouped into three categories: MTC,
DTC, and ATC. Papillary thyroid cancer (PTC), follicular
thyroid cancer (FTC), and poorly differentiated thyroid cancer
(PDTC) subtypes are included in the DTC category. According
to SEER, the types of thyroid cancer diagnosed between 1992
and 2006 were PTC in 83.8%, FTC in 10.4%, MTC in 2.2%,
ATC in 1.3%, and other/unspecified in 2.2%.° Although they
all originate in the thyroid gland, they represent different
tumors with different biology and molecular alterations.

Pathogenesis of thyroid cancer

MTC is derived from the parafollicular C-cells and is a mani-
festation of a genetic syndrome in approximately one-quarter
of patients. The three genetic syndromes with which MTC is
known to be associated are multiple endocrine neoplasia 2A,
multiple endocrine neoplasia 2B, and familial MTC. In these
syndromes, there is an almost universal gain-of-function
mutation in the transmembrane tyrosine kinase RET (REar-
ranged during Transfection), which is inherited in an auto-
somal dominant fashion. For these patients, there is a known
relationship between the genotype and the aggressiveness of
the phenotype. In sporadic cases of MTC, the majority harbor
a somatic RET mutation. On the other hand, up to 25% of

these patients have no mutation in RET.S Of the RET-negative
cases, it has been noted that 68% have a mutation in RAS.”
Furthermore, vascular endothelial growth factor (VEGF) is
known to be an important kinase in MTC.?

The remaining types of thyroid cancer are derived from
thyroid follicular cells. The Cancer Genome Atlas (TCGA)
performed detailed analyses of the somatic changes seen in
PTC, the most common form of thyroid cancer, and their
analysis of 496 PTCs describes several of the classic genetic
alterations in these tumors. Among these drivers are muta-
tions in BRAF (59.7%), NRAS (8.5%), HRAS (3.5%), and
KRAS (1%). RET fusions were identified in 6.8% and found
to be mutually exclusive with BRAF and RAS mutations.
Several drivers that had not yet been described were also
identified. These include alterations in genes such as EIF/AX
(eukaryotic translation initiation factor 1A, X-linked),
PPM1D (protein phosphatase, Mg?/Mn?* dependent, 1D),
and CHEK? (checkpoint kinase 2). These discoveries have
reduced the number of cases with no known driver mutation
(ie, the “dark matter”) from 25% to only 3.5%.°

Less is known about the molecular abnormalities under-
lying the other types of thyroid cancer. In FTC, there are
activating mutations in R4S in 45% of cases. Furthermore,
there is a PAX8—PPARG fusion in 35% of FTCs.!* As in MTC,
VEGF is an important angiogenic factor in DTC.'"!?

PDTC and ATC represent tumors that originate from folli-
cular cells, but have varying degrees of loss of differentiation.
PDTC has some loss of differentiation, while ATC has more
extensive loss. These tumors can occur coincident with DTC,
implicating progressive dedifferentiation as the etiology. As
a result, many of the previously mentioned drivers may be
seen in these entities as well. However, there are generally
other mutations, which are thought to occur later, leading to
loss of differentiation. Inactivation of the p53 gene is a highly
important step in the development of PDTC and ATC. The
mutation rates seen in PDTC and ATC (respectively) are 7P53
(20% vs 70%), CTNNBI (20% vs 65%), RAS (35% vs 55%),
BRAF (15% vs 20%), and PIK3CA (6% vs 20%).1%13

Initial management of thyroid
cancer

Medullary thyroid cancer

For patients with newly diagnosed MTC, the evaluation
includes a minimum of checking tumor markers (calcitonin
and carcinoembryonic antigen), a comprehensive ultrasound
of the neck, and genetic testing for one of the familial MTC
syndromes. Cross-sectional imaging may be obtained if
needed for surgical planning or if distant metastases are
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suspected. Furthermore, if there is a known germline RET
mutation (or an unknown mutation status), then biochemi-
cal workup to rule out primary hyperparathyroidism and
pheochromocytoma is warranted. Once this is completed, a
total thyroidectomy with central neck dissection is generally
recommended. More extensive surgery may be needed for
some patients, if indicated by their preoperative evaluation.
If the patient is considered to have a high risk of recurrence,
external beam radiation therapy may improve locoregional
control.' A detailed discussion of the appropriate use of
external beam radiation therapy in thyroid cancer is beyond
the scope of this review. Since the response to initial treatment
impacts survival and the risk of recurrence, an experienced
multidisciplinary team should be involved from the begin-
ning.!* The American Thyroid Association (ATA) guidelines
for the management of MTC were updated in 2015 and
address many of these issues.'®

Differentiated thyroid cancer

For patients with newly diagnosed DTC, the preoperative
evaluation is a comprehensive neck ultrasound.!” Cross-
sectional imaging may be obtained if needed for surgical
planning or if distant disease is suspected. The extent of
surgery depends upon the results of preoperative imaging
along with cytological examination of the fine needle aspirate.
The surgical procedure may range from hemithyroidectomy
to total thyroidectomy with comprehensive neck dissection.
Following surgery, thyroid-stimulating hormone (TSH)-
suppressive therapy with high-dose thyroid hormone is usu-
ally the standard. The degree of TSH suppression is based
upon the potential for residual disease and the estimated
risk for recurrent disease/death.'® Additionally, radioiodine
(RAI) may be considered for remnant ablation, adjuvant
therapy, or treatment of distant metastases if it is RAI-avid.
However, the decision to treat (and the dose chosen) should
be individualized. The most recent version of the ATA
guidelines for the management of DTC discusses the initial
management of DTC, and an updated version is expected
later this year."

Anaplastic thyroid cancer

ATC is arare type of thyroid cancer that is rapidly progressive
and is associated with significant mortality. As a result, this
disease should be treated as a medical emergency, prompt-
ing an expeditious initial evaluation by a multidisciplinary
team experienced in ATC. This includes extensive imaging to
determine resectability and stage, pathology review, and eval-
uation of airway and vocal cord function. If the disease can

be resected with curative intent and acceptable.? Otherwise,
the next step is consideration of palliative radiation (with or
without concurrent radiosensitizing chemotherapy).?! The
chemotherapy agents that are often used concurrently with
radiation for radiosensitization include platinum-, taxane-,
and anthracycline-based regimens.?? Traditional cytotoxic
chemotherapy can also be considered for treatment of
distant disease, but participation in clinical trials is highly
recommended because response rates are low.?* The initial
management of ATC is detailed in the ATA guidelines for
the management of ATC.?

Management of residual,
recurrent, and distant disease
in MTC and DTC

Options for the management of asymptomatic residual,
recurrent, and distant metastatic disease in MTC and DTC
include watchful waiting, surgery, radiotherapy, cryoabla-
tion, and chemoembolization.'® Unlike patients with MTC
and ATC, those with DTC who have residual, recurrent, or
distant metastatic disease may benefit from TSH suppression
and RAI (depending upon the disease burden and iodine
avidity of the tumors). DTC is considered RAl-refractory
if known disease does not take up iodine on a diagnostic or
posttreatment scan, if the tumor grows despite RAI treatment,
or if the patient has received a cumulative dose of =600
mCi of I-131.* RAI is not an option for tumors known to
be RAI-refractory.

For DTC patients with skeletal metastases, zoledronic
acid has shown efficacy in reducing the number of skeletal-
related events.”® As an alternative, a receptor activator of
nuclear factor kappa-B ligand (RANKL) inhibitor (eg,
denosumab) can be considered in these patients. In MTC
patients, a RANKL inhibitor or intravenous bisphosphonate
is sometimes used with the intent of reducing skeletal-related
events, even though they have not yet been definitively estab-
lished as effective in MTC.!®

Cabozantinib

Since cabozantinib targets many of the alterations seen in
thyroid cancer (Figure 1), it was considered as a promising
agent for the treatment of advanced thyroid cancer when
it was introduced.’*?® Most notably, it strongly inhibits
VEGFR-2, MET, and RET. Strong inhibition of RET made
cabozantinib a particularly attractive candidate for use in
patients with MTC. Other kinases inhibited by cabozantinib
include KIT, AXL, TIE2, and FLT3. Unlike vandetanib,
cabozantinib does not significantly inhibit EGFR.?
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Figure | Molecular pathways important in MTC and targets relevant to cabozantinib.

Notes: Mutations in RET are the most common drivers of MTC; however, there are other important kinases which are upregulated and are targeted by cabozantinib. For
example, cabozantinib is a potent inhibitor of MET and VEGFR2. MET and VEGFR cooperate to drive tumor angiogenesis, invasion, and metastasis. Upregulation of MET is
associated with the ability of tumors to evade antiangiogenic treatment. Furthermore, osteoblasts and osteoclasts express MET and VEGF receptors. Hepatocyte growth
factor, the only known ligand for the MET receptor, may be an important factor directing cross talk between tumor cells and osteoblasts/osteoclasts. Thus, simultaneous
inhibition of MET and VEGF receptors may block progression of osteolytic and osteoblastic bone metastases.

Abbreviations: MTC, medullary thyroid cancer; RET, rearranged during transfection; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor

receptor.

The inhibitory activity of cabozantinib, along with several
other MKIs, is summarized in Table 1.2°4

Clinical trials with cabozantinib

and other MKIs in advanced

thyroid cancer

The earliest cabozantinib clinical trial that included thyroid
cancer patients was a Phase I dose-escalation study carried
out in 85 patients with solid tumors. An expansion phase
included 37 patients with MTC. The results showed that the
peak plasma levels and the area under the curve for the plasma
concentration—time curve are dose dependent. A steady state
was reached at 15 days, and the terminal half-life with daily

dosing was 91.3 hours. Pharmacokinetic results were the
same in the patients with MTC as in the remainder of the
cohort. The adverse events (AEs), tumor marker responses,
and radiographic tumor responses were assessed as well.
Cabozantinib had a side effect profile comparable to those of
other MKIs, and the results indicated that cabozantinib may
lead to radiographic responses in patients with MTC.*! These
results led to initiation of a Phase IlI trial in MTC.

An international, double-blind, placebo-controlled
Phase III trial in patients with metastatic MTC who had
radiographic progression of disease within the 14 months
before entry led to the US regulatory approval of cabozantinib
in this disease. The 330 patients with progressive disease were

Table I IC,; (nM) for commercially available multikinase inhibitors studied in thyroid cancer

RET RET/PTC3 VEGFR-I VEGFR-2 VEGFR-3 c-Met EGFR FGFR2 BRAF V¢ c-Kit
Cabozantinib? 5.2 12.2 0.035 6 1.3-14.6 4.6
Lenvatinib® 6.4 4.7 3 2.3 27 85
Pazopanib?' 10 30 47 74
Sorafenib®2%* 59 50 26 90 20 45 68
Sunitinib®-® 224 2 9 17 1-10
Vandetanib*4 100 1,600 40 110 500

Abbreviations: BRAF, v-raf murine sarcoma viral oncogenes homolog BI; EGFR, epidermal growth factor receptor; FGFR, fibroblast growth factor receptor; IC_, median
inhibitory concentration; PTC, papillary thyroid carcinomas; RET, rearranged during transfection; VEGFR, vascular endothelial growth factor receptor.
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randomized 2:1 to receive either cabozantinib or placebo.
The study group received cabozantinib 140 mg daily, but
was permitted drug holds and up to two dose reductions. The
drug was continued until there was radiographic progression
or intolerance requiring drug discontinuation. Notably,
patients from the placebo group were not allowed to cross
over. The results showed a statistically significant increase in
the median progression-free survival (PFS) to 11.2 months
for those on cabozantinib versus 4.0 months for those on
placebo (hazard ratio 0.28). An interim analysis showed no
difference in overall survival (OS). The final analysis of OS
did not show a statistically significant difference except in
those with a germ line or somatic RET M918T mutation.
Those who were positive for this mutation had an overall sur-
vival of 44.3 months on cabozantinib versus 18.9 months on
placebo (hazard ratio 0.60).*> Dose reductions were required
in 79% of patients.* Cabozantinib was approved by the
FDA on November 29, 2012, for patients with progressive,
metastatic MTC.*

Vandetanib was approved in 2011.* This approval was
based on a Phase III trial of vandetanib, which randomized
331 patients with advanced MTC to receive vandetanib
or placebo in a 2:1 ratio. The results showed a significant
improvement in the median PFS in those who received van-
detanib (estimated 30.5 months) compared with those who
received placebo (19.3 months), with a hazard ratio 0.46.%
There was no requirement for disease progression prior to
enrollment in this trial, explaining the very long PFS in the
placebo arm. Moreover, the placebo patients were allowed
to cross over to open-label vandetanib.

Currently, two MKIs are approved by the FDA for patients
with DTC. Sorafenib was approved in 2013, for the treatment
of metastatic DTC.*” In the Phase III trial of sorafenib in
patients with progressive, RAl-refractory, locally advanced or
metastatic DTC, median PFS was prolonged to 10.8 months
for the patients receiving sorafenib versus 5.8 months for the
placebo group (hazard ratio 0.59). The objective response
rate was 12.2% in the sorafenib arm and 0.5% in the placebo
arm.* Lenvatinib was subsequently approved in 2015 for
patients with progressive, RAl-refractory DTC.* In the Phase
111 trial of lenvatinib, there was a prolongation of PFS to 18.3
months in the treatment arm versus 3.6 months in the placebo
group (hazard ratio, 0.21). The response rate was 64.8% in
the treatment arm and 1.5% in the placebo arm.>

While cabozantinib is not currently approved by the FDA
for use in patients with DTC, there is some literature to support
its use in this population. A cabozantinib trial was conducted
as part of a drug—drug interaction study. Since cabozantinib is

anoncompetitive inhibitor of CYP2C8 and a weak competi-
tive inhibitor of CYP3A4,! this trial was designed to study the
potential interaction between cabozantinib and rosiglitazone
(a substrate of CYP2CS8). The results showed no alteration in
the single-dose pharmacokinetics of rosiglitazone in patients
who were treated with daily cabozantinib. A secondary
endpoint was to study the efficacy in DTC and renal cell
carcinoma. This trial enrolled 15 DTC patients. Despite the
fact that the majority of patients were heavily pretreated, 53%
had a partial response.’! The median OS and PFS were not
reached. These promising results led to two Phase II studies
to assess the response to cabozantinib as first-line and salvage
therapy for DTC (NCT02041260, NCT01811212).52%

There is very little information regarding the use of MKIs
in patients with ATC and none for cabozantinib. Clinical trials
with fosbretabulin, pazopanib, and sorafenib have not consis-
tently shown benefit in patients with ATC.>*5¢ However, there
were some promising data from a Phase II trial with lenvatinib
in eleven patients with ATC. In this study, the patients with
ATC had a median PFS of 7.4 months and a median OS of
10.6 months.’” In Japan, lenvatinib is approved for unresect-
able thyroid cancer, including ATC.3® An ongoing clinical trial
(NCT02034110) is looking at the combination of dabrafenib
and trametinib in patients with BRAF V.-mutated rare
cancers, including ATC.*® Another trial (NCT01236547) is
recruiting patients with ATC to examine the potential ben-
efit of adding pazopanib to paclitaxel in patients receiving
intensity-modulated radiation therapy.*

Cabozantinib has been studied in prostate and renal cell
cancers and is currently being studied in a number of solid
tumors and hematologic malignancies (Table 2).

Selection of patients for targeted
therapy

The majority of thyroid cancer patients do not require
systemic therapy. The decision to initiate treatment is based
upon 1) failure of standard therapy, 2) the presence of disease
that threatens vital structures, 3) symptomatic disease, and/
or 4) clinically significant disease with radiographic progres-
sion.'®%2 The impact of side effects on quality of life must be
taken into account since there has been no proven survival
benefit. Multiple modalities are commonly employed in
monitoring patients for progression. To objectively deter-
mine whether there has been radiographic progression,
the response evaluation criteria in solid tumors (RECIST)
guidelines are relied upon.®-% The pace of disease progres-
sion can be used to help determine whether intervention is
needed.
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Table 2 Ongoing clinical trials with cabozantinib in cancers other than thyroid cancer

Diagnoses ClinicalTrials.gov identifier and status
Recruiting Active (not recruiting) Terminated or Unknown
or not yet open suspended or completed
Astrocytic tumors NCT01068782
Breast cancer NCT02260531, NCTO01738438
NCTO01441947
Colorectal cancer NCT02008383

Cholangiocarcinoma
Endometrial cancer
Gastrointestinal stromal tumor
Glioblastoma

Hepatocellular carcinoma
Leukemia (acute myeloid)
Lung carcinoma (non-small-cell)

Melanoma

Melanoma of the eye
Merkel cell carcinoma
Multiple myeloma

Neurofibromas (plexiform)
Osteosarcoma or Ewing sarcoma
Ovarian, fallopian tube, or primary
peritoneal cavity cancer
Pancreatic cancer

Pancreatic neuroendocrine and
carcinoid tumors
Pheochromocytoma (malignant)
Prostate cancer

Renal cell carcinoma
Sarcoma (soft tissue)
Sarcoma (uterine)
Solid tumors (adult)

Solid tumors (childhood)
Solid tumors or lymphoma
Urothelial cancer

NCT01935934

NCT01908426
NCTO01961765
NCTO01639508

NCT02036476
NCTO01582295,
NCT01866293
NCT02101736
NCT02243605

NCTO01663272

NCT02302833

NCTO01834651,
NCT01630590,
NCTO01703065,
NCTO01812668,
NCTO01683994
NCTO01835158
NCTO01755195

NCTO01822522

NCT01688999

NCT01954745

NCT02216578

NCTO01553656,
NCTO01708954,
NCTO01866410,
NCT02132598
NCT01709435
NCTO01835145

NCTOI1716715,
NCT02315430

NCTO01428219,
NCT01605227,
NCT01599793,
NCTO01574937

NCTO01865747

NCTO01979393
NCTO01553656

NCTO01709435

NCT00960492,
NCT00704288

NCT00596648

NCT01835184

NCTO01466036

NCT01995058,
NCTO01522443,
NCTO01347788

NCTO01588821, NCTO01835184,
NCT00940225, NCT01018745

NCT00215605

Our approach to patients with advanced thyroid cancer
is elaborated in Figure 2. Although there are situations in
which the need for targeted therapy seems clear, the patient’s
performance status must be assessed to determine if they are
likely to tolerate targeted therapy.®® Since the kinase inhibi-
tors are not considered curative, are employed as chronic
therapies, and tend to fail over time, they are generally
reserved for patients in whom other modalities have failed.
If disease control can be achieved surgically, this is preferred.

In the case of DTC, the use of RAI should be considered for
those whose tumor is RAI-avid. Any reasonable and feasible
localized therapies, such as external beam radiotherapy,
thermal ablation, or tumor embolization, should be under-
taken if the disease is threatening vital structures (eg, spinal
cord, brain), impairing mobility (eg, affecting the arm,
leg, shoulder), or causing pain. It is important to remember
that an elevated or rising tumor marker alone should not
trigger systemic therapy.'®
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Figure 2 Management of locally advanced and/or metastatic differentiated MTCs and the criteria for initiation of kinase inhibitors.
Abbreviations: DTC, differentiated thyroid cancer; MTC, medullary thyroid cancer; RAI, radioiodine; RANKL, receptor activator of nuclear factor kappa-B ligand; TSH,

thyroid-stimulating hormone.

Choice of systemic therapy for

thyroid cancer

Given the potential for serious AEs, it is recommended that
treatment with an MKI take place under the guidance of
a physician who is experienced in the use of these drugs.
Moreover, the support of a multidisciplinary team expe-
rienced in the management of such cases, is necessary to
maximize patient safety. Unfortunately, there are currently
no human trial data to indicate if there is a preferred sequence
of drugs from an efficacy standpoint.

When choosing between the two approved drugs — cabo-
zantinib and vandetanib — for progressive MTC, a patient-
centered approach is recommended. The decision regarding
which drug to start first is delineated in a 2014 paper by
Cabanillas et al.®® The concept of using patient character-
istics along with the differences in drug side effect profiles
can be extended to other types of thyroid cancer. In addition
to the drug’s efficacy and potential side effects, the pace of
progression, comorbid conditions, concurrent medications,
prior procedures, and location of disease also must be taken
into account (Figure 3).% For example, the package insert
for cabozantinib has a black box warning for gastrointestinal
(GI) perforations and fistulas as well as hemorrhage.! As a
result, the risk factors for GI bleeding and fistula formation
need to be addressed when assessing patients prior to starting

targeted therapy.®” Important items in the medical history
and review of systems include peptic ulcer disease, diver-
ticulitis, and bleeding. Tumor invasion of the esophagus or
trachea is thought to predispose to fistula formation (espe-
cially in a radiated field).

Another consideration is the presence of skeletal metasta-
ses, since cabozantinib may have some activity against certain
types of bone lesions. In the Phase I trial of cabozantinib in
patients with DTC, one patient who had received seven prior
systemic therapies had a dramatic response in an osteoblastic
calvarial metastasis.®® A Phase II trial in DTC is exploring
the role of cabozantinib in skeletal metastases in this disease
(NCT01811212).% It is notable that cabozantinib has been
found effective in osteoblastic skeletal metastases of patients
with prostate cancer.”

During the informed consent process, special attention
should be paid to educate the patient regarding symptoms
of rare but serious side effects. Reversible posterior leu-
koencephalopathy syndrome can present with headache,
seizure, visual loss, or change in mental status. Osteonecro-
sis of the jaw has also been reported with cabozantinib.”
Therefore, a good oral and dental examination should be
performed to assess risk, and patients should be warned to
avoid invasive dental procedures. Since there have been
wound complications in patients taking cabozantinib or
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or review medication Favor

list and electrolytes Tumor invades vandetanib
to determine cause trachea, or other

of prolonged QTcF. esophagus, or anti

If QTcF decreases, major blood neoplastic
consider starting vessels? strategies
vandetanib

Choose cabozantinib
or correct the calcium, Yes
Baseline potassium and magnesium
hypocalcemia, and then start vandetanib
hypokalemia, with close monitoring and
hypomagnesemia patient education

- Baseline
Vandetanib QTCcF interval 3|
or Emm— ] >4 50 Vandetanib Cabozantinib

cabozantinib or or

cabozantinib vandetanib

Medication review —
Favor cabozantinib

or vandetanib may be used,
or use a lower starting keeping in mind that plasma

Patient is on dose of cabozantinib? Patient is on concentrations of vandetanib may
potent CYP3A4 potent CYP3A4 decrease due to the CYP3A4 inducer®

Favor vandetanib

inhibitor? Cabozantinib inducer?
or vandetanib

Vandetanib or
" | cabozantinib

Objective evaluations

Yes [Favor cabozantinib or start vandetanib
“| and reassess patient response soon after

Rapid
progression?

> Vandetanib
or cabozantinib?

Patient characteristics

Favor vandetanib
or monitor weight closely Vandetanib or
on cabozantinib® Willing/able cabozantinib

Lowlbody — to protect from
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Cabozantinib SUN €Xposure? | L | Favor cabozantinib

or vandetanib No

Figure 3 Factors in the choice of kinase inhibitor for patients with MTC.

Notes: Top panel: relative contraindications to consider when choosing vandetanib or cabozantinib for progressive or symptomatic MTC. For patients with MTC who qualify
for systemic therapy, the patient’s medical history, medications, electrocardiogram, and tumor characteristics should be reviewed carefully to determine which drug to start.
Vandetanib should be avoided in patients who are at risk of prolonged QT interval as a result of their cardiac history, difficulty in managing hypocalcemia, or use of certain
medications that cannot be substituted. Cabozantinib should be avoided in patients with a history of peptic ulcer disease, diverticulitis, or a tumor invading the trachea,
esophagus, or major vessels because of the risk of perforation or fistula. In patients with these risk factors, vandetanib should be used with caution. Bottom panel: factors
that may be taken into consideration when a patient has no relative contraindications to either vandetanib or cabozantinib (top panel). For such patients, a careful review of
the medication list, tumor characteristics, and certain personal characteristics is important when selecting which drug to initiate. A list of CYP3A4 inhibitors and inducers
can be found at http://www.medicine.iupui.edu/clinpharm/ddis/. Cabozantinib is the only drug proven to be effective in patients with progressive MTC; therefore, the rate
of progression may be important when selecting which drug to initiate. Low body mass index and a patient’s willingness to protect himself or herself from sun exposure
are additional factors to be considered. Cabozantinib may cause weight loss, whereas vandetanib may cause weight gain. Photosensitivity is an adverse effect of vandetanib.
*Concomitant use of a CYP3A4 inhibitor drug may increase the plasma concentration of cabozantinib, resulting in toxicity, whereas CYP3A4 inducers may decrease the plasma
concentration of vandetanib, resulting in decreased efficacy. Republished with permission from Cabanillas ME, Hu MI, Jimenez C. Medullary thyroid cancer in the era of tyrosine
kinase inhibitors: to treat or not to treat — and with which drug — those are the questions. ] Clin Endocrinol Metab.2014;99(12):4394.5* Copyright 2014 by The Endocrine Society;
permission conveyed through Copyright Clearance Center, Inc.

Abbreviations: EBRT, external beam radiation therapy; h/o, history of; MTC, medullary thyroid cancer; PUD, peptic ulcer disease; QTcF, rate-corrected QT interval using
the Fridericia formula.
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another antiangiogenic drug, it is recommended that the
drug be held prior to elective surgery and resumed once
the wound has healed sufficiently. The package insert
recommends stopping cabozantinib for 28 days prior to
surgery.!

Dosing of cabozantinib

The FDA-approved starting dose for cabozantinib is 140 mg
daily; however, this dose can be difficult for patients to
tolerate. As a result, starting doses of 100 mg or lower may
be advisable, with possible dose escalation if the drug is
well tolerated. In the Phase IT DTC trial (NCTO01811212),
cabozantinib was started at 60 mg and escalated to 80 mg if
a partial response was not achieved.*® If necessary, the dose
can be reduced in 20 mg increments (capsules are available
in 80 and 20 mg)."% Typically, the dose is not reduced below
40 mg daily. Anecdotally, doses as low as 20 mg daily have
been used, but there are insufficient data to recommend
this dose. Administration of cabozantinib while fasting is
recommended.

Management of AEs associated
with cabozantinib and other MKils
Monitoring of AEs

In addition to serial imaging and laboratory testing to assess
the response to treatment, it is crucial to monitor patients
receiving an MKI for the side effects that are commonly
seen with these agents. AEs are ideally graded according to
Common Terminology Criteria for Adverse Events (CTCAE)
Version 4.0 at baseline and at each subsequent visit. The
grades range from mild (grade 1) to fatal (grade 5). The US

90 A
80 A M .
70 A
60 A

National Cancer Institute has published a detailed description
of the CTCAE system for grading individual AEs.”

An approach to monitoring patients with advanced thy-
roid cancer treated with an MKI was detailed by Carhill et al”
in 2013. Many AEs require supportive therapies (including
additional medications), and some require drug holds and/or
dose reductions. A current clinical trial (NCT01896479) is
comparing two different cabozantinib doses (140 vs 60 mg)
to assess if it is possible to achieve similar efficacy with fewer
AEs in patients with MTC.™

It is important to remember that some AEs are serious
and potentially fatal, although rare. Additionally, the cost of
targeted therapies can be quite high and may exert a financial
burden on patients and their families, which they may be
reluctant to disclose.”

Recommended management of AEs
associated with cabozantinib
and other MKils

In the Phase III trial of cabozantinib in patients with MTC,
grade 3 (severe) or grade 4 (life-threatening) AEs occurred
in 69% of those on cabozantinib and 33% of those on pla-
cebo. The most frequent AEs were diarrhea, hand—foot skin
reaction (HFSR), decreased weight, decreased appetite,
nausea, and fatigue. The most frequent AEs related to VEGF
inhibition were hypertension, hemorrhage, and venous
thrombosis. The most frequent blood chemistry abnormali-
ties were increased aspartate aminotransferase, increased
alanine aminotransferase, increased alkaline phosphatase,
and hypocalcemia. Figure 4 demonstrates the frequency
of the more common AEs. AEs that are rare but important

Percent of patients experiencing
side effects
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Figure 4 Most often observed nonhematologic adverse events in the Phase Ill trial of cabozantinib in patients with MTC.
Abbreviations: ALT, alanine aminiotransferase; AST, aspartate aminotransferase; MTC, medullary thyroid cancer.
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include proteinuria, GI perforation, fistula formation, arterial
thrombosis, wound complication, osteonecrosis, and revers-
ible posterior leukoencephalopathy syndrome.*

Grade 1 AEs are mild and do not generally necessitate
intervention. At the other end of the spectrum, grade 4 AEs
generally require drug discontinuation. The management
of grade 2 (moderate) and grade 3 (severe) AEs can be less
straightforward. The intervention in these cases is based upon
several factors. For grade 2 AEs, the key factors are whether
the AE is amenable to supportive measures as well as the
level of discomfort or distress experienced by the patient.
The two notable exceptions are hypertension and proteinuria
(Figure 5). Blood pressure needs to be aggressively managed
to avoid the sequelae of uncontrolled hypertension. If the
blood pressure is elevated, it is recommended that antihy-
pertensive agents the patient is already taking be titrated to
the maximum tolerated doses or that appropriate antihyper-

tensive therapy be initiated. If the blood pressure remains
uncontrolled, additional therapy should be started to achieve
control. For most other grade 2 AEs, no change in therapy is
needed if the AE is well tolerated by the patient and is easily
managed with supportive measures. Clinical judgment should
be used. However, if the AE is intolerable to the patient and
not typically responsive to supportive measures, a drug hold
and/or dose reduction may be needed.

For grade 3 AEs, a drug hold is generally necessary unless
the AE can be swiftly managed with supportive measures.
Once the AE has resolved, resumption of the drug at a lower
dose can be considered. Continued intolerance after two
dose reductions may be considered a reason to discontinue
the drug. Although possible, moderate and severe hemato-
logic AEs are not common in patients with thyroid cancer.”
Figure 5 outlines general recommendations for drug holds,
dose reductions, and drug discontinuations.

CTCAE N * Supportive measures (dietary/over the counter/prescription medications)
grade 1 )+ No drug hold
» No dose reduction
+ Tolerable + Supportive measures (dietary/over the
symptom counter/prescription medications)
« Asymptomatic ——NJ * Monitor closely (if amylase/lipase are elevated,
lab AE —7| then workup for possible pancreatitis)
% * Hypertension * No drug hold
CTCAE (first occurrence) » No dose reduction
grade 2 * Initiate drug hold
+ Supportive measures (dietary/over the
counter/prescription medications)
« Intolerable * Monitor closely
symptom « If AE is amenable to supportive measures,
+ Hypertension resume at the same dose
(second or third )+ If AE is not amenable to supportive measures,
occurrence) resume at 1 dose level below prior dose?
« Proteinuria >1 g/ + For proteinuria >1 g/24 hours, repeat urine
24 hours testing at 1 week and use results to decide
whether to continue drug hold, resume drug at
the same dose, or resume drug at a lower dose.
Nephrology consultation can be considered
« Initiate drug hold and monitor closely
» Supportive measures (dietary/over the counter/prescription medications)
CTCAE « For grade 3 hematolggic AEs, further workup is recommended to evaluate
grade 3 ) for alternative etiologies
* Once AE improved, resume at 1 dose level below prior dose®
« If the same AE cannot be managed after 2 drug holds, then consider drug
discontinuation
+ Discontinue drug. There are two notable exceptions:
— For hematologic AEs, drug hold followed by dose reduction can be
CTCAE %\ considered after workup and treatment
grade4 |——— 7] - For hypertension, drug hold followed by dose reduction (2 dose levels
below the prior dose)? can be considered if hypertension can be
managed

Figure 5 Suggested management of CTCAE AEs of kinase inhibitors.
Note: *“‘Dose level” generally refers to a reduction in the daily dose by 20 mg.

Abbreviations: AE, adverse event; CTCAE, common terminology criteria for adverse events.
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It is also important to closely monitor thyroid function
tests to ensure that TSH remains within the desired range. It
has been found that cabozantinib is associated with thyroid
dysfunction in patients with sarcoma and bladder cancer.”
Although this may not be much of an issue in patients who
are athyreotic, there has also been a report of an increase in
TSH in patients with thyroid cancer after starting lenvatinib.”
As a result, attention must be paid to thyroid function tests
with titration of the dose of thyroid hormone as needed.

Treatment of common AEs
associated with cabozantinib

Hand—foot skin reaction

HFSR is characterized by redness and swelling of the skin
on the soles of the feet and the palms. Other features include
pain, paresthesias, hyperkeratosis, or desquamation. The
HFSR is most often seen in areas subject to pressure or fric-
tion (Figure 6). If not managed aggressively, it can affect a
patient’s ability to ambulate and even perform some activi-
ties of daily living. Patients should be advised that ill-fitting
footwear will worsen this condition. Using a good moisturizer
containing urea is important to keep the skin well hydrated
and treat hyperkeratotic areas. If needed, a topical corticos-
teroid can be added. If the lesions are painful, topical or oral
analgesics may be needed. Referral to a podiatrist for callus
debridement can be helpful.”®

Diarrhea
Diarrhea is a common AE in patients on cabozantinib. Although
diarrhea related to MTC may improve with MKI therapy, it

may also worsen because of the MKI itself. Therefore, it is
important that any diarrhea be treated prior to starting an MKI.
Supportive measures include avoiding dietary triggers and add-
ing a probiotic. Loperamide may also be started. If maximal
doses of loperamide cannot control the diarrhea, patients can
alternate doses of loperamide with diphenoxylate/atropine.
For those whose symptoms are not controlled with this regi-
men, tincture of opium is often helpful. In more severe cases,
other potential options include oral budesonide or parenteral
octreotide. However, these two agents have not been evaluated
in the context of MKIs. Monitoring for electrolyte abnormali-
ties is necessary in patients with severe diarrhea.”

Weight loss

Weight loss in patients taking cabozantinib for advanced
thyroid cancer has been described by Kwatampora et al.”
MKI-associated weight loss can be difficult to manage. The
first consideration is whether another AE is contributing to
weight loss. Diarrhea should be treated as detailed in the
“Diarrhea” section. Patients should be assessed for nausea,
vomiting, or stomatitis. MKI-associated dysgeusia may con-
tribute to weight loss by decreasing dietary intake; there is no
known effective treatment for dysgeusia. For some patients,
consultation with a dietitian, and possibly recommendations
for nutritional supplements, can be helpful. Appetite stimu-
lants can also be considered.

Salvage therapy
It is believed patients on MKIs develop drug resistance
through several mechanisms, including induction of alternative

Figure 6 Hand—foot skin reaction.
Note: Erythema, hyperkeratosis, and callus formation at sites of friction.
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signaling pathways which bypass the drug targets.®” In patients
with MTC who have progression on an MKI, it is reasonable
to change to a different MKI if the patient remains a candidate
for further systemic therapy. Our group has presented data
showing that a radiologic response is possible with a change
to a different MKI following progression on an antiangiogenic
MKI. However, the response to the subsequent MKI tended
to be of shorter duration.?! Dadu et al®? retrospectively exam-
ined the response to other MKIs following failure of first-line
sorafenib in DTC. They identified an improvement in median
OS for those who received salvage when compared with those
who did not (58 vs 28 months).®? Results of a Phase II study
that looked specifically at cabozantinib in patients whose DTC
progressed on antiangiogenic MKI therapy will be reported
soon (NCT01811212).%

Summary

Cabozantinib is a potent MKI that has been proven effective
in patients with progressive MTC and is currently being
studied in DTC as well as other malignancies. Although
there has been a demonstrated prolongation of PFS in
patients with MTC, a difference in OS has not yet been
shown. Advancements in the understanding of the molecu-
lar alterations underlying thyroid cancer coupled with the
identification of targeted therapies have led to a change in
the therapeutic landscape for patients with advanced thyroid
cancer. For many clinicians, this change is accompanied
by a need for further education and experience in selecting
appropriate candidates with thyroid cancer for treatment
with MKIs. The first challenge in using these agents is
determining when initiating an MKI is the proper course
of action. In general, MKIs should be reserved for patients
with limited alternative options for symptomatic disease,
disease threatening vital structures, or rapidly progressive
disease. Since these agents are not curative, have no proven
survival benefit, and are employed as chronic therapies, the
decision to start MKI therapy must be based upon a careful
risk/benefit analysis relevant to the patient’s priorities and
goals of care.

Optimal management of AEs is crucial to maintaining
patient quality of life while on an MKI. Because some AEs
are serious and can result in morbidity and even mortality,
patients receiving an MKI should be closely monitored, with
aggressive management of AEs.
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