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ABSTRACT

Recently, vascular endothelial growth factor receptor
(VEGFR)-targeted tyrosine kinase inhibitors (TKls) have
become available for the treatment of recurrent or
metastatic thyroid cancer. However, a number of clinical
challenges that impact the use of VEGFR-targeted TKl in
daily clinical practice have arisen. Toxicity is considerable,
to the extent that most physicians hesitate to start VEGFR-
targeted TKI and prefer to continue a watch-and-wait
approach until the patient’s disease markedly worsens.
This delayed use of VEGFR-targeted TKI leads to a higher
incidence of serious adverse events than was reported

in clinical trials. Moreover, the watch-and-wait approach
has several demerits, including a worsening of quality of
life, worsening of outcomes in patients of older age or
with follicular thyroid cancer and increased risk of brain
metastasis or bleeding. Thus, optimal timing for the start
of VEGFR-targeted TKI requires careful consideration.
Moreover, management of VEGFR-targeted TKI toxicities
requires appropriate supportive care, well-organised
infrastructure in the outpatient clinic and patient education.
Future treatment will progress to precision medicine based
on molecular testing. Promotion of precision medicine
requires the establishment of a system of easy access

to molecular testing and the promotion of translational
research for the development of new drugs.

INTRODUCTION

Surgery is the primary mode of therapy
for all histological types of thyroid cancer.
For patients with recurrent or metastatic
differential thyroid cancer (DTC) who are
not amenable to salvage surgery, radioac-
tive iodine therapy (RAI) is considered the
standard of care. However, 25%-50% of
patients with locally advanced or metastatic
DTC become RAl-refractory.' Several cyto-
toxic drugs have demonstrated clinical activity
but with limited response duration as well as
considerable toxicity.”™ Available treatment
options for recurrent or metastatic thyroid
cancer have therefore been limited. Recently,
however, successful phase 3 trials™® brought
in the approval of vascular endothelial growth
factor receptor (VEGFR)-targeted tyrosine
kinase inhibitors (TKIs) for RAl-refrac-
tory DTC and medullary thyroid carcinoma
(MTC). Nevertheless, a number of clinical
challenges that impact the use of VEGFR-tar-
geted TKI in daily clinical practice remain.

Key questions

What is already known about this subject?

» Recently, vascular endothelial growth factor
receptor (VEGFR)-targeted tyrosine kinase
inhibitors (TKIs) have become available for the
treatment of recurrent or metastatic thyroid cancer.
Generally, patients with rapid tumor growth and/
or symptomatic disease are considered candidates
for immediate use of a VEGF-targeted TKI. For
patients who have neither rapidly progressive nor
symptomatic disease, most physicians hesitate
to start VEGF-targeted TKI and prefer to continue
a watch-and-wait approach until the patient’s
disease has markedly worsened.

» Because the clinical outcome of patients with
recurrent or metastatic thyroid cancer remains
limited, quality of life during treatment is markedly
important.

What does this study add?

» The watch-and-wait approach comes with several
demerits, including a worsening of the patient’s
quality of life; worsening of outcomes in patients
of older age or with follicular thyroid cancer; and
increased risk of brain metastasis or bleeding.
Careful consideration of the optimal timing of
VEGFR-targeted TKI is needed.

» Management of toxicities with VEGFR-targeted TKI
is based on three essential initiatives: the provision
of appropriate supportive care including the drug
holiday in accordance with the timing of the
adverse events, well-organized infrastructure in the
outpatient clinic and patient education.

Toxicity is considerable, leading most physi-
cians to hesitate to start VEGFR-targeted TKI
and preferring instead to continue a watch-
and-wait approach until marked disease wors-
ening. This delayed use of VEGFR-targeted
TKI in turn leads to a higher incidence of
serious adverse events than was seen in clin-
ical trials. This review discusses the optimal
use of VEGFR-targeted TKI for thyroid cancer
patients and the management of toxicities.

RADIOACTIVE IODINE THERAPY
RAI has been used in the management of
patients with DTC since the 1940s. RAI is
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Key questions

How might this impact on clinical practice?

» While concern over toxicities warrants hesitation before initiating
VEGF-targeted TKI in patients without rapidly progressive or
symptomatic disease, optimal timing should also consider the
demerits of the watch-and-wait approach. Furthermore, the
opportunity to commence VEGF-targeted TKI should not be missed
in cases where the watch-and-wait approach would produce poor
clinical outcomes or exacerbate risk factors for bleeding.

» Because the clinical outcome of patients with recurrent or
metastatic thyroid cancer remains limited, quality of life during
treatment is markedly important. Ideally, treatment extends
survival while ensuring a good quality of life. Management of
toxicities with VEGFR-targeted TKI improve the quality of survival of
cancer patients.

administered after thyroidectomy in patients with DTC
for any or all of three reasons: to ablate residual normal
thyroid tissue (remnant ablation), to provide adjuvant
therapy for subclinical micrometastatic disease and to
clinically treat apparent residual or metastatic thyroid
cancer.

For patients with recurrent or metastatic DTC who
achieve complete remission after receiving RAI, the
survival rate is markedly better, with a 10-year overall
survival (OS) 0f92%." Even in patients who do not achieve
complete remission, survival is better than in patients
without iodine uptake, indicating that DTC patients with
iodine uptake should be considered to initially receive
RAL In other words, VEGFR-targeted TKIs should not be
given before iodine uptake by the tumour is confirmed.
Repeat RAIs are required for most patients with DTC who
do not achieve complete remission after receiving RAIL
Furthermore, 25%-50% of patients with locally advanced
or metastatic DTC become RAI-refractory.

CYTOTOXIC DRUGS

No phase 3 trial of cytotoxic drugs for the treatment of
thyroid cancer has appeared, and the clinical benefits
of these agents thus remain unclear. Several cytotoxic
drugs have demonstrated clinical activity but with limited

response duration and considerable toxicity.>™* Cytotoxic
drugs are therefore not preferred for firstline therapy
for recurrent or metastatic thyroid cancer. Nevertheless,
cytotoxic drugs may be a treatment option for selected
patients who have progressive disease that is refractory or
not amenable to VEGFR-targeted TKI.

CLINICAL TRIALS OF VEGFR-TARGETED TKI FOR THYROID
CANCER

VEGFR-targeted TKIs for recurrent or metastatic thyroid
cancer, including RAl-refractory DTC and MTC, have
been investigated in phase 3 trials (table 1). In the pivotal
phase 3 trials, including the DECISION® and SELECT
trials,’ evidence of RAI-refractory disease was defined
to include at least one of the following: one or more
measurable lesions without iodine uptake on any radi-
oiodine scan; one or more measurable lesions that had
progressed per Response Evaluation Criteria in Solid
Tumors (RECIST) V.1.1 criteria within 13 or 14 months of
RAI despite radioiodine avidity at the time of treatment;
or cumulative dose of iodine-131 >600 mCi.

Sorafenib is an oral kinase inhibitor of VEGFR-1,
VEGFR-2, VEGFR-3, RET, RAF and platelet-derived growth
factor receptor B. The DECISION trial was an interna-
tional phase III clinical trial of sorafenib compared with
placebo in patients with progressive, locally advanced,
or metastatic RAI-refractory DTC.” Results showed that
median progression-free survival (PFS), the primary
endpoint, was significantly longer in the sorafenib group
than in the placebo group (10.8 months vs 5.8 months,
HR 0.59, 95% CI 0.45 to 0.76, p <0.0001). Objective
response rate (ORR) was 12.2% in the sorafenib group
compared with 0.5% in the placebo group (p<0.0001).
OS did not differ significantly between groups (HR 0.80,
95% CI 0.54 to 1.19; p=0.14). Dose interruptions, reduc-
tions or withdrawals because of adverse events occurred
in 66.2%, 64.3% and 18.8% of patients, respectively.
Hand-foot skin reaction was the most common reason
for sorafenib dose interruption (26.6%), reduction
(33.8%) and withdrawal (5.3%), and the most frequent
treatment-emergent adverse events were hand—foot skin
reaction (76.3%), diarrhoea (68.6%), alopecia (67.1%)

Table 1 Results of phase 3 trials of VEGFR-targeted TKI for thyroid cancer
HR (95% CI)
Histology  Study Drug No. of patients ORR PFS P values
DTC DECISION?® Sorafenib placebo 419 12 10.5 0.59 (0.46 to 0.76) p<0.0001
0.5 5.8
SELECT® Lenvatinib placebo 392 65 18.3 0.21 (0.14 to 0.31)* p<0.001
1.5 3.6
MTC ZETAY Vandetanib placebo 331 45 Not reached 0.46 (0.31 to 0.69) p<0.001
13 19.3
EXAM® Cabozantinib placebo 330 28 11.2 0.28 (0.19 to 0.40) p<0.0001
0 4.0
*99% Cl.

DTC, differentiated thyroid cancer; MTC, medullary thyroid cancer; ORR, overall response rate; PFS, progression-free survival.
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and rash or desquamation (50.2%). In the sorafenib
group, seven deaths were attributable to underlying
disease, two to unknown causes and one each to lung
infection, chronic obstructive lung disease and myocar-
dial infarction.

Lenvatinib is an oral, multitargeted TKI of VEGFR1-3,
fibroblast growth factor receptors 1-4, platelet-derived
growth factor receptor o, rearranged during transfec-
tion (RET) and KIT. In the SELECT trial, a randomised
trial of lenvatinib versus placebo in patients with progres-
sive, locally advanced or metastatic RAl-refractory DTC,
lenvatinib demonstrated significantly improved PFS and
ORR in patients with RAI-refractory DTC versus placebo
(median PFS 18.3 months vs 3.6 months; HR 0.21, 99% CI
0.14 to 0.31, p<0.001; ORR 64.8% vs 1.5%, p<0.001).°
The OS difference between groups was not statistically
significant (HR 0.73, 95%CI 0.50 to 1.07; p=0.1032);
this difference did improve when a potential crossover
bias was considered (rank- preserving structural failure
time model; HR 0.62, 95% CI 0.40 to 1.00, bootstrapped
p=0.051). For Ilenvatinib, major treatment-emergent
adverse events (>40%, all grades) were hypertension
(67.8%), fatigue/asthenia (64.4%), diarrhoea (59.4%),
decreased appetite (50.2%), decreased weight (46.4%)
and nausea (41.0%). Discontinuation due to adverse
events occurred in 37 (14.2%) of lenvatinib-treated
patients. In the lenvatinib arm, 20 (7.7%) patients experi-
enced fatal treatment-emergent adverse events. Of these,
six deaths (2.3%) were considered by the investigator as
treatmentrelated, including one case each of pulmonary
embolism, haemorrhagic stroke and general physical
health deterioration.

In a subset analysis of patients with anaplastic thyroid
cancer (ATC) in a phase 2 study of lenvatinib for patients
with all histological types of thyroid cancer, clinical
activity was observed in the majority of patients.” ORR was
24%, median PFS was 7.4 months and median OS of 10.6
months. Based on these results, lenvatinib is now avail-
able for ATC in Japan.

Vandetanib is an oral kinase inhibitor of EGFR, VEGFR2
and RET. In a phase III trial (ZETA trial), a randomised
trial of vandetanib versus placebo in patients with unre-
sectable locally advanced or metastatic MTC, significant
prolongation of PFS was observed for patients receiving
vandetanib compared with placebo (HR 0.46; 95% CI
0.31 to 0.69; p<0.001).” Vandetanib also showed signifi-
cant advantages compared with placebo in the secondary
efficacy endpoints of ORR, disease control rate and calci-
tonin and carcinoembryonic antigen (CEA) biochemical
response rates. Most common grade 3 or 4 adverse events
were diarrhoea (11%), hypertension (9%), ECG QT
prolongation (8%) and fatigue (6%). Thirty-one patients
discontinued treatment during the randomised phase
because of an adverse event, 28 (12%) receiving vande-
tanib and 3 (3%) receiving placebo.

Cabozantinib is an oral kinase inhibitor of MET,
VEGFR2 and RET. In a phase III trial (EXAM), cabozan-
tinib demonstrated significant improvement in PFS for
patients with documented radiographic progression of
metastatic MTC (median PFS 11.2 months vs 4.0 months;
HR 0.28,95% CI 0.19 to 0.40; p<0.001).* ORR was 28% for
cabozantinib. The most frequently reported grade 3 or
4 adverse events related to cabozantinib were diarrhoea
(15.9%), palmarplantar erythrodysesthesia (12.6%) and
fatigue (9.3%) and resulted in dose reductions in 79%
and holds in 65% of patients. Adverse events led to treat-
ment discontinuation in 16% of cabozantinib-treated and
8% of placebo-treated patients.

INDICATIONS FOR VEGFR-TARGETED TKI FOR PATIENTS WITH
THYROID CANCER

Any consideration of indications for VEGF-targeted TKI
must weigh the relative merits of VEGF-targeted TKI. The
appropriate timing for the start of VEGF-targeted TKI
is controversial because, apart from ATC, the tumour
growth of thyroid cancers is slower than that of other
cancers, even if the tumour becomes radioiodine-refrac-
tory (figure 1). In fact, patients having indolent disease

Slowly growi I
W' Advanced l(\

I

[ Time course : \
|
|

g rem—— L : C:{ Symptoms occur

E >1.0cm ~ :
TN
(= |

R e d

Tumor growth in yearly units

Tumor growth in monthly units

without symptoms

Growing within 12 mo

Growing within several

mo without symptoms |Symptomaﬂcdlsease

Figure 1 Appropriate timing for the start of TKI treatment. TKI, tyrosine kinase inhibitor.
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with a tumour size of less than 1cm will experience no
symptoms and have a good quality of life. In other words,
these patients with indolent disease do not require
tumour shrinkage by anticancer drugs. Furthermore,
toxicities due to VEGF-targeted TKI worsen quality of life.
In this regard, pivotal phase 3 trials, including the DECI-
SION and SELECT studies, requested disease progres-
sion by RECIST within 13 or 14 months as a requirement
of study enrolment.

Generally, patients with rapid tumour growth and/
or symptomatic disease are considered candidates for
immediate use of a VEGF-targeted TKI, while those with
disease progression by RECIST within 12 months but no
symptomatic disease are candidates for a watch-and-wait
approach. Even if patients have neither rapidly progres-
sive nor symptomatic disease, however, immediate use of
a VEGF-targeted TKI is required in selected patients.

The watch-and-wait approach has both merits and
demerits. Merits include reduced cost by the delayed start
and awareness of symptom improvement by VEGF-tar-
geted TKI for symptomatic patients. Demerits include
the risk of worsening quality of life. For example, spinal
cord paralysis and compression leads to an extremely
poor quality of life. Furthermore, the watch-and-wait
approach increases risk of brain metastasis, against which
TKI has no beneficial effect. Furthermore, a subanalysis
of the SELECT study suggested that the watch-and-wait
approach could worsen outcomes in older patients and
those patients with follicular thyroid cancer (FTC).

Age is considered the most important prognostic factor
for metastatic thyroid cancer mortality, which markedly
increases among patients aged more than 60 years.lo In
a subanalysis of the SELECT study,"' no difference in OS
was observed between the lenvatinib and placebo arm in
patients aged less than 65 years. Furthermore, OS did not
significantly differ among age groups in the lenvatinib
arm. In contrast, OS did significantly differ between the
two arms in patients aged more than 65 years (HR 0.53,
95% CI 0.31 to 0.91; p=0.020). In other words, lenvatinib

significantly improved OS over placebo in elderly patients,
and delayed use of lenvatinib worsens patient outcomes
in elderly patients.

FTC tends to occur in an older population than other
differentiated thyroid cancers. Incidence is reported
to peak between 40 and 60 years, compared with the
earlier peaking of papillary thyroid cancer (PTC) inci-
dence at 30-50 years. Given that FTC typically occurs in
older patients, it is more commonly associated with an
aggressive clinical course, distant metastases and higher
mortality than PTC.' In a subanalysis of the SELECT
study, although no difference in OS was seen between the
two arms in patients with PTC (HR 0.92, 95% CI 0.60 to
1.41; p=0.708), OS was significantly better in the lenva-
tinib arm than the placebo arm among those with FTC
(HR 0.41,95% CI 0.18 to 0.97; p<0.035)." In other words,
lenvatinib demonstrated survival benefits in patients with
FTC, indicating that delayed use would worsen OS in
these patients. In other words, one of the demerits of the
watch-and-wait approach is worsened outcomes in elderly
patients or patients with FTC.

The watch-and-wait approach also increases the risk of
bleeding. In fact, a number of serious and fatal cases of
bleeding following VEGF-targeted TKI for thyroid cancer
has been recently reported.'* " In accordance with tumour
growth, the watch-and-wait approach may increase the
risk of invasion to the carotid artery, skin and mucosa of
the oesophagus or bronchia, leading to increased risk
of bleeding. Evaluation of the risk of bleeding by imag-
ing-based confirmation of tumour location is therefore
mandatory (figure 2). If the patient has high risk factors
of bleeding, including a tumour located very close to the
skin, carotid artery and mucosa of the oesophagus, the
initiation of VEGF-targeted TKI should be considered.
If the patient has a low risk of bleeding, active surveil-
lance should be considered. While concern over toxicities
warrants hesitation before initiating VEGF-targeted TKI
in patients without rapidly progressive or symptomatic
disease, optimal timing should also consider the demerits

Watch & Wait
—l » Skin

Risk of Invasion to
» Carotid artery

» Mucosa of esophagus
or bronchia

VEGFR-targeted TKI

Recurrent or
metastatic thyroid

cancer Recommended

approach

—

Confirm the tumor
location by imaging scan

> Increased
risk of bleeding
Low risk Active surveillance

Consider starting
treatment

High risk*

*Very close to skin, carotid artery, mucosa of esophagus or bronchia

Figure 2 Evaluation of risk of bleeding according to tumour growth. TKI, tyrosine kinase inhibitor; VEGFR, vascular

endothelial growth factor receptor.
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of the watch-and-wait approach. Furthermore, the oppor-
tunity to commence VEGF-targeted TKI should not be
missed in cases where the watch-and-wait approach would
produce poor clinical outcomes or exacerbate risk factors
for bleeding.

MANAGEMENT OF ADVERSE EVENTS RELATED TO VEGFR-
TARGETED TKI

Because the clinical outcome of patients with recurrent
or metastatic thyroid cancer remains limited, quality
of life during treatment is markedly important. Ideally,
treatment extends survival while ensuring a good quality
of life. To improve the quality of survival of patients
with cancer, three considerations are essential. First is
adequate supportive care for toxicities. Second is patient
education, because early contact with medical providers
is essential for early recognition, leading to optimal
management. Last is the infrastructure of your institu-
tion, because it is necessary to accept calls from patients
24 hours a day, every day.

VEGF-targeted TKI causes a number of adverse events,
including hypertension, hand-foot syndrome, anorexia,
fatigue, diarrhoea, proteinuria, thrombosis and myocar-
dial ischaemia. The procedures for these adverse events
have been reported.'® While most adverse events are
manageable using established procedures, management
of the proteinuria related to this treatment has not been
established, and although drug withdrawal results in a
significant reduction, persistence is common. A reduction
in intraglomerular pressure with angiotensin II receptor
blockers or ACE inhibitors may improve proteinuria.
Although proteinuria is typically an asymptomatic event,
the three complications of oedema, hyperlipidaemia and
hypercoagulability should be also considered. Dietary
sodium restriction and loop diuretics are available for
oedema. While the mechanisms of hyperlipidaemia
remain unclear, one possibility is that VEGF-targeted TKI
enhances the hepatic synthesis of lipoproteins related to
the fall in oncotic pressure. If hyperlipidaemia occurs, a
3-hydroxy-3-methylglutarl coenzyme A reductase inhib-
itor should be taken. Hypercoagulability also increases
the risk of arterial and venous thrombosis, which some-
times lead to fatal events. Information about the risk
of these events is therefore mandatory, even if they are
rare. Because the persistence of proteinuria is common
several weeks after drug withdrawal, patients in a Japa-
nese phase 2 study with grade 2 proteinuria were allowed
to continue lenvatinib, demonstrating no concern about
serious renal dysfunction.'” Drug withdrawal is required
when either an increase in creatinine level or leg oedema
occurs but is not required when grade 2 proteinuria
occurs without increased creatinine or leg oedema. When
grade 3 or worse proteinuria occurs, drug withdrawal is
preferred regardless of any increase in creatinine level
or leg oedema. Continuous proteinuria is not life threat-
ening, and drug discontinuation due to this adverse event
alone is not necessary. Weighing the relative advantages

of drug continuation, we consider that continuation is
more beneficial than discontinuation for patients with
recurrent of metastatic thyroid cancer, whose outcomes
remain limited.

When these adverse events become severe, quality of life
deteriorates, leading to increased risk of drug discontin-
uation. Reducing the severity of adverse events requires
both early recognition and appropriate management.

Severe or intolerable toxicities require frequent dose
interruptions and modifications. When severe or intol-
erable adverse events arise within 1week after starting
VEGF-targeted TKI, either the same or a reduced dose
could be given. If a patient restarts administration at the
same dose as before, severe or intolerable adverse events
will again recur within 1week, which would be intoler-
able for the patient. When administration is restarted at a
reduced dose, administration could take longer, leading
to higher dose intensity than that with the original
higher dose. Because higher dose intensity is associated
with better clinical activity in the treatment of VEGF-tar-
geted TKI,'" dose reduction is preferred in patients who
develop severe adverse events within 1week after starting
treatment. When severe adverse events occur several
weeks after starting VEGF-targeted TKI, the same dose
will remain tolerable for several further weeks. Further-
more, the same dose will allow the maintenance of dose
intensity, whereas dose reduction would of course not.
Drug withdrawal before the development of severe or
intolerable adverse events is also preferred as a means of
avoiding extended drug withdrawal, which is associated
with tumour regrowth. The restart of VEGF-targeted
TKI within 2weeks is also therefore preferred. If tumour
regrowth is faster and leads to a worsening of quality of
life, the period of drug withdrawal should be shorter.

Finally, when adverse events that worsen quality of life
occur, the drug holiday should be established in accor-
dance with the timing of the adverse events (figure 3).
Namely, if severe or intolerable toxicities occur X days
after starting VEGF-targeted TKI, the duration of drug
administration should be X-1 days. As I mentioned
above, extended drug withdrawal is associated with
tumour regrowth, and the duration of drug interruption
should be 7 days initially. If disease progression occurs Y
days after the drug interruption, the interruption should
be shortened to Y-1 days. If the toxicities do not resolve
within 7 days, the duration of drug interruption should
be extended to 14 days. Restart of drug administration
within 2weeks is preferable given concerns about tumour
regrowth.

Patient education is of critical importance. This is
because early contact with medical providers is essential
for early recognition, leading to optimal management.
Patient education should start prior to therapy onset
and continue throughout therapy at every contact point
the clinician has with the patient. In particular, the clini-
cian should inform the patient about adverse reaction
profiles. Given that mild adverse events are manageable,
however, the problem of adverse events should not be
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Duration of drug administration

Duration of drug interruption

1
* If the intolerable toxicities occur X days after starting TKI |
I
|

| X-1 days

7 days

+ if disease progression occurs Y days after drug interruption

| X-1 days

Y-1 days

« if the toxicities do not recover within 7 days

| X-1 days

14 days

Figure 3 Planned drug holidays according to timing of the appearance of intolerable toxicities. TKI, tyrosine kinase inhibitor.

overemphasised. While both patient and family need to
understand who and when to call about adverse reac-
tions, they both find it challenging to remember the clini-
cian’s explanation and take appropriate action. A leaflet
to make them aware of possible side effects should there-
fore be provided. For example, our institute provides a
flow chart-type leaflet, which consist of yes or no ques-
tions to guide patients on how to take supportive medi-
cine for adverse events and when to call the hospital."
This could reduce non-adherence and improve patient
judgement during chemotherapy, leading to a decrease
in emergency hospital admissions.

Multidisciplinary team (MDT) care improves adher-
ence to best practice in patients with thyroid cancer who
receive VEGF-targeted TKI. Furthermore, MDT care is
essential for optimal management of adverse events and
complications. Careful monitoring of adverse events
and an easy-access consultation system are essential.
Therefore, each institution is required to establish the
appropriate infrastructure for patients with cancer at the
outpatient clinic. For example, our institute has estab-
lished ‘Telephone follow-up’, ‘hot line’ and ‘pharmacist
outpatient clinic for oral anti-cancer drug’ initiatives.
After a physician obtains informed consent for treatment
and subsequently prescribe a VEGF-targeted TKI, the
pharmacist explains again about possible adverse events,
guidance on blood pressure self-measurement and guid-
ance on self-management of toxicities. Several days after
the start of the VEGF-targeted TKI, pharmacists proac-
tively check adverse events and drug adherence by tele-
phone, called ‘Telephone follow-up’. Patients with any
questions or concerns related to treatment and adverse
events can consult a pharmacist or nurse at the outpatient
clinic centre by emergency phone call—called the ‘Hot
line’—and finally, when a patient next comes to visit, a
pharmacist at the outpatient clinic initially checks both
adverse events and adherence and sends feedback to the
physician, allowing physicians to assess these issues before

the actual consultation. Management of toxicities in the
outpatient clinic for early recognition of adverse events
is shown in figure 4. If an adverse event occurs, three
lines of action are available. First is the flow chart-type
leaflet that a patient refers to initially: when an adverse
event that requires contact with the hospital occurs, the
patient is required to call the hospital immediately. The
second is direct call to the physician, while the third is
a hot line; the latter is helpful for the early recognition
of adverse events, because some patients hesitate to call
the attending physician directly. The person in charge of
the hotline sends feedback through the electronic record
or by direct call to the attending physician; the attending
physician then calls the patient directly as warranted.

RECENT ADVANCES IN DEVELOPMENT OF NEW DRUGS FOR
THYROID CANCER

The recent identification of a number of molecular
abnormalities has led to the idea that molecular screening
for specific genetic alterations in thyroid tumours may
provide the opportunity for efficient, targeted therapy. In
fact, several molecular targeted drugs have emerged for
the treatment of thyroid cancer.

The most common driver mutation is BRAF mutation,?
with a reported incidence of 44% in PTC and 24% in
ATC.*' Vemurafenib was investigated in a phase 2 study
for BRAF-mutated PTC,Q2 where it demonstrated prom-
ising clinical activity regardless of previous VEGFR-tar-
geted TKI (overall response: 38.5% in patients who had
not previously received VEGFR-targeted TKI vs 27.3% in
patients who had previously received these agents). The
BRAF inhibitor dabrafenib was investigated in a phase
2 study for BRAF-mutated PTC* and showed clinical
activity in the majority of patients. ORR was 29%, and
median treatment duration was 8.4 months.

While BRAF inhibitors have demonstrated promising
activity, tumour resistance has limited their benefits.

0

6

Tahara M. ESMO Open 2018;3:€000359. doi:10.1136/esmoopen-2018-000359



8 Open Access

R Flowchart type Contact the hospital
A = leaflet immediately*
D
\ Yes No
> E . v
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<€

*Adverse events that require immediate contact with the hospital

Figure 4 Management schema for toxicities in the outpatient clinic.

Reactivation of the mitogen-activated protein kinase
(MAPK) pathway through RAS is a major contributor
to tumour resistance in BRAF mutant melanoma. In
transgenic mouse models of BRAF V600-mutant ATC,
combined inhibition of BRAF and MAPK kinase (MEK)
kinases enhances antitumour activity compared with
single-agent BRAF inhibitors.”* These rationales in turn
lead to the idea of adding a MEK inhibitor to a BRAF
inhibitor as a means of overcoming resistance. At the
last American Society of Clinical Oncology (ASCO)
meeting, the results of a randomised phase 2 study of
dabrafenib with or without trametinib for BRAF-mutated
PTC was reported. Addition of the MEK inhibitor to the
BRAF inhibitor slightly improved ORR (54% vs 50%)
and median PFS (15.1 months versus 11.4 months).”
Although this improvement was inferior to the investiga-
tors’ initial expectations, this combination demonstrated
promising activity for ATC. The results of a subset anal-
ysis of this combination for patients with ATC showed an
overall response of 69% in the intent-to-treat population
and 73% in patients whose BRAF mutation were centrally
confirmed.?’ Median duration of response, PFS and OS
were not reached as a result of a lack of events, with
12month estimates of 90%, 79% and 80%, respectively.
Tropomyosin receptor kinase (Trk) receptors are
expressed in human neuronal tissue and play an essential
role in both the physiology of development and the func-
tion of the nervous system. This receptor family comprises
three transmembrane proteins, which are referred to as
Trk A, B and C and encoded by the NTRK1, NTRK2 and
NTRK3 genes, respectively. Somatic rearrangement of
the NTRKI gene in PTC was observed in less than 12%.
NTRK3 fusion is more frequent in radiation-related
tumours. Larotectinib (LOXO-101), a pan-Trk inhibitor
with highly selective activity against the Trk kinase family,
demonstrated promising clinical activity for patients
with Trk fusion cancers, including thyroid cancer.”’
The overall response rate was 75% (95% CI 61 to 85)

according to independent review and 80% (95% CI 67 to
90) according to investigator assessment. At 1year, 71%
of the responses were ongoing and 55% of the patients
remained progression free. Furthermore, clinical devel-
opment of a new drug against acquired NTRK resistance
mutation has also been long ongoing. LOXO195 is a
selective TRK TKI designed to overcome acquired resis-
tance mediated by recurrent kinase domain mutations
identified in multiple patients who have developed resis-
tance to TRK TKIs. Clinical cases have been reported
involving patients who developed disease progression due
to acquired NTRK resistance mutations and subsequently
experienced a rapid clinical response to therapy after
starting LOX0195.%

Until now, most available medical treatment has been
designed for average patients. As a result of this ‘one-size-
fits-all’ approach, treatment can be very successful
for some patients but not for others. Precision medi-
cine, however, is an innovative approach that takes into
account individual difference in the patient’s genes, envi-
ronment and lifestyle. Future treatment will move on to
precision medicine based on molecular testing. However,
the screening of molecular abnormalities has not been
attempted, because molecular testing is not reimbursed,
so that most patients have no access to it. To promote
precision medicine, we have to establish a system of
easy access for molecular testing. To develop new drugs,
furthermore, we have to promote translational research,
which provides both the gene profile of the individual
tumour and an understanding of the mechanism of drug
resistance.

CONCLUSION

VEGF-targeted TKIs are now available for thyroid cancer.
For patients who have neither rapidly progressive nor
symptomatic disease, most physicians hesitate to start
VEGF-targeted TKIand prefer to continue awatch-and-wait
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approach until the patient’s disease has markedly wors-
ened. The watch-and-wait approach comes with several
demerits, however, including a worsening of the patient’s
quality of life, worsening of outcomes in patients of older
age or with FTC and increased risk of brain metastasis
or bleeding. Careful consideration of the optimal timing
of VEGFR-targeted TKI is needed. Management of toxic-
ities with VEGFR-targeted TKI is based on three essential
initiatives: the provision of appropriate supportive care,
well-organised infrastructure in the outpatient clinic and
patient education.

Future treatment will move on to precision medicine
based on molecular testing. To promote precision medi-
cine, we have to establish a system that provides easy
access to molecular testing and promotes translational
research for the development of new drugs.
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