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Abstract

Purpose Cabozantinib is an oral multi-tyrosine kinase inhibitor (TKI) that has been approved in Europe for advanced renal
cell carcinoma, hepatocellular carcinoma, locally advanced and metastatic medullary thyroid carcinoma (MTC) and
radioiodine-refractory differentiated thyroid cancer. Merkel cell carcinoma (MCC) is a rare and highly aggressive cutaneous
malignant neuroendocrine tumour that usually presents in sun-exposed skin areas of immunosuppressed patients. Conflicting
data exist about cabozantinib for MCC and this TKI is currently under investigation in several onco-endocrine frameworks.
Methods We herein report a case of an 83-year-old man who was diagnosed with MCC during the treatment of an advanced
metastatic MTC. The diagnosis of MCC was established based on clinical, histopathologic evaluation and immunohistochemistry.
A systematic review of the literature on cabozantinib use for advanced endocrine and neuroendocrine tumours has been performed.
Results The patient was initially treated with surgery and adjuvant radiotherapy. Cabozantinib was therefore started to
control both MTC and MCC. After 24 months, no sign of local or metastatic MCC relapse was evidenced.

Conclusion Promising data on cabozantinib treatment for endocrine and neuroendocrine neoplasms is recently emerging in
the literature. In our clinical case, we reported that, besides the good response for the MTC, cabozantinib also seems to
effectively control metastatic MCC, along with efficient surgery and adjuvant radiotherapy. Further investigations are
needed to determine the efficacy and safety of cabozantinib in MCC patients and in off-label endocrine tumours.

Keywords Cabozantinib + TKI - Medullary Thyroid Carcinoma * Merkel Cell Carcinoma * Endocrine Neoplasms *
Neuroendocrine Neoplasms

Background

The therapeutic breakthrough in the field of endocrine
tumours has been the introduction of tyrosine-kinase inhi-
bitors (TKIs) for several advanced carcinomas. Among the
available drugs, cabozantinib (CBZ) has increasingly drawn
attention for its wide range of benefits in progressive thyr-
oid cancers and beyond. CBZ is an oral small molecular
inhibitor of several tyrosine kinases, such as vascular
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endothelial growth factor receptor 2 (VEGFR2), tyrosine-
protein kinase receptor UFO (AXL), mesenchymal-
epidermal transition factor (MET), and rearranged during
transfection (RET). Targeting intracellular key pathways is
essential to hamper tumour survival, angiogenesis,
epithelial-to-mesenchymal transition and other metastatic
processes [1]. In particular, while VEGFR inhibition alone
can still allow tumour spread, due to the activation of the
parallel hypoxia-induced MET signalling, this TKI can
concurrently block both pathways, resulting in enhanced
disease control (Fig. 1) [1]. As regarding thyroid tumours,
CBZ was firstly approved for locally advanced and meta-
static medullary thyroid cancer (MTC) and later on, sup-
ported by the promising data from phase III COSMIC-311
trial, as second-line therapy for progressive radioiodine-
refractory differentiated thyroid cancer (RAIR-DTC) [2, 3].
Out of on-label context, this TKI is currently under con-
sideration for several endocrine tumours, showing interest-
ing results. Although a few data are available,
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Fig. 1 Molecular pathways
inhibited by cabozantinib
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pheochromocytoma/paraganglioma (PPGL), adrenocortical
carcinoma (ACC), neuroendocrine neoplasms (NENs) and
Merkel cell Carcinoma (MCC) represent orphan diseases,
that might benefit from this broad-based targeted therapy.
Finally, CBZ represents an effective therapeutic weapon on
syndromic tumours within the framework of multiple
endocrine neoplasia type 2 (MEN2), a model of endocrine
cancers with different primary sites, but with a common
molecular signature (i.e. RET mutations).

To support those considerations, we hereby present a rare
case of MTC and metachronous MCC, both with long
disease control under CBZ.

Starting from this case report a systematic revision of
current literature has been performed to summarise the
available data or ongoing studies, exploring the use of CBZ
in the endocrine tumours of various origins and histotypes.

Patients and methods

The patient gave his informed consent for the present case
report.

Electronic literature search strategy

Systematic research of articles published between 2009
and 2023 on MEDLINE (PubMed), Scopus and
EMBASE was performed. For search strategy and search
terms refer to review protocol (Supplementary File 1).
Reference lists were manually screened for further rele-
vant articles. The search strategy was based on the PICO
approach (a standardised way of defining research ques-
tions, focusing on Patients, Intervention, Comparison,
and Outcome) [4]. The review was registered with
PROSPERO registration number CRD42023403886
(https://www.crd.york.ac.uk/prospero/).

v
Cell survival
Invasion
Metastasis

Data collection and analysis

Titles and abstracts were first reviewed. Eligible studies
were assessed on the basis of their full text and referenced
using Zotero Software v6.0.26 (Zotero.org). Preferred
Reported Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines were followed (see Supplementary
File 2) [5].

Results
Case presentation

A 79 years old man was evaluated in our tertiary referral
centre in 2018 for persistently high Carcinoembryonic
Antigen (CEA) levels (up to 63.3 ng/mL), observed during
the follow-up for a history of colorectal adenocarcinoma
(pT3pN2aMO, stage IIIB [6]), previously classified as
recovered in 2017, after surgery and adjuvant
chemotherapy.

An increased glucose uptake in the thyroid right lobe on
18Fluorodeoxyglucose-Positron  emission  tomography
(FDG-PET) was revealed and neck ultrasound confirmed
the presence of a 14 mm suspicious nodule on the right
thyroid lobe without suspect lymph nodes in the lateral
cervical districts. The following fine needle aspiration
showed a TIR4/Suspicious for malignancy cytology,
according to the Italian classification system for thyroid
cytology [7]. Preoperative plasma calcitonin (pICT) levels
resulted in 1350 pg/mL, thus suggesting the MTC diag-
nosis. In May 2018, the patient underwent total thyr-
oidectomy and cervical central lymph node dissection, and
the histology confirmed the diagnosis of a stage IVA MTC
[pT1b (m), pNla], according to TNM 2017 edition VIII [8].
The patient was initially classified as MO, due to the absence
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of distant metastases at computer tomography (CT) and
FDG-PET studies. Genetic screenings for Multiple Endo-
crine Neoplasia 2 (MEN2) and Familial Medullary Thyroid
Cancer (FMTC) were negative, but somatic RETM918T
mutation was detected in the tumour sample.

After surgery, he didn’t reach the biochemical cure. Due
to a higher risk of recurrence [9], he underwent strict
radiological and biochemical monitoring and a progressive
increase of pICT up to 5864 pg/mL and CEA up to
104.7 ng/mL was observed. A neck ultrasound revealed the
presence of right lateral-cervical round lymph nodes sus-
picious for MCT locoregional metastases. Moreover, the
total body CT scan showed some focal hepatic lesions in
IV, VIII and VI liver segments, up to about one centimetre.
A liver biopsy then confirmed the MTC origin of the
metastatic lesion in November 2019.

Due to the quick progression and the multiple metastatic
sites, systemic treatment was established and, despite the
excellent global performance status according to Eastern
Cooperative Oncology Group Performance Status (ECOG
PS), considering the patient’s age, his body mass index of
25kg/m? and the clinical history, a first-line therapy with
vandetanib at the personalised dose of 200 mg daily was
started. The patient was systematically evaluated from
biochemical, radiological and clinical perspectives, and
adverse events (AE) were classified according to Common
Terminology Criteria for Adverse Events (CTCAE) version
5.0 [10]. This treatment was poorly tolerated, with a grade
(G) 3 asthenia and haematologic toxicity, requiring ther-
apeutic pauses and dose reductions. However, it allowed a
morphologic stabilisation of the disease, and a biochemical
response with a pICT and CEA nadir of 1280 pg/mL and
61 ng/mL, respectively.

In May 2020, a new-onset right inguinal swelling was
detected at the CT scan, during MTC follow-up. Owing to the
uncommon tumour progression a focused histological insight
was decided and the biopsy revealed a lymph node metastasis
from a Merkel Cell Carcinoma (MCC). In fact, immunohis-
tochemistry was positive for CK20, CgA, Neuron Specific
Enolase (NSE) and CD56. The following investigations by
FDG-PET and a new CT scan revealed a primary homolateral
MCC on the right leg with locoregional lymph node metastases
up to 27mm. The biochemical assessment revealed a
Chromogranin A (CgA) level of 104.9ng/mL (range
0.0-76.3 ng/ml). Furthermore, a total body (TB) CT scan per-
formed in September 2020, showed: stable millimetric focal
hypodense hepatic lesions in IV, VIII and VI liver segments,
but two new onset right lateral-cervical lymph node metastases
(with anteroposterior axis of 11 and 9mm) with contrast
enhancement, and some bone rarefaction areas in the 7th and
9th thoracic vertebrae and in the 2nd lumbar vertebra, all sus-
picious for MTC origin; multiple external iliac and inguinal
lymph nodes metastases (the largest lesions presented
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anteroposterior axes of 27 x 18 mm and 19 x 17 mm, respec-
tively) of MCC origin. The patient underwent surgery on the
primary MCC, and adjuvant locoregional radiotherapy (42 Gray
on inguinal and external iliac lymph nodes) was performed. The
MCC was finally classified as a clinical-stage III, due to the
presence of in-transit metastases with lymph node metastases
(i.e. N3 category), and accordingly, the risk of recurrence
resulted as high with an estimated 5-year overall survival <30%
[11]. PICT, CEA and CgA were 6120 pg/mL, 74.1 ng/mL and
76.5 ng/mL, respectively. Due to the bad endurance and the
actual diagnosis, vandetanib was definitely withdrawn.

In November 2020, considering the global oncological
history with two aggressive and active endocrine tumours,
second-line therapy with CBZ to control both MTC and
MCC was started at the dosage of 100 mg daily but soon
interrupted for a week and then titrated to 60 mg daily due
to several AEs [weight loss (G2), fatigue (G1-G2), dys-
geusia (G1), mild hypocalcaemia (Gl1), elevated blood
pressure (G1), and moderate lymphopenia (G3)].

In 2021, three years after the MTC diagnosis, one year
after the MCC diagnosis and three months after the switch
from vandetanib to CBZ, the following TB-CT scan showed
partial response disease: the previously described hepatic
lesions, after an initial pseudo-progression (due to the mild
swelling by drug-induced necrosis), were no longer evi-
denced, and the MCC iliac lymph nodes underwent a gra-
dual downsizing, up to the complete response, according to
the Response Evaluation Criteria in Solid Tumours
(RECIST version 1.1) [12]. Bone metastases showed a
<20% decrease in dimension on PET-FDG and MRI. PICT
was 1010pg/mL and CgA 137.5ng/mL (under proton-
pump inhibitor therapy).

In 2022, CBZ was again temporarily disrupted due to G4
leucopenia and G1 thrombocytopenia. Infective diseases
and concomitant haematologic causes of pancytopenia were
excluded. After a break of one month, the patient was in
good clinical condition (ECOG PS was 0); blood pressure
was controlled without medication, QTc interval was in
range and the blood count was stable with only mild lym-
phopenia (G1), CBZ was started again at the personalised
dose of 40 mg daily.

Nowadays, after four years from the MTC and two years
from the MCC diagnosis, the patient, aged 83 years old,
appears in good general condition (ECOG PS 0) with an
excellent tolerance of this treatment, despite his age. Mild
leukopenia (G1) is still present, while platelets are within
the normal range. At the CT scan, MTC sustained the
previous stable disease response, and no sign of local or
metastatic relapses of MCC was evidenced, configuring a
complete response according to RECIST criteria (Fig. 2). At
the present time, pICT is 1680 pg/mL; CEA 54.8 ng/mL and
CgA 275 ng/mL. Figure 3 shows the patient’s plCT and
CEA monitoring before and during treatment.
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Fig. 2 On the left baseline CT scan (before cabozantinib start); on the
right CT scan of the biochemical and radiological nadir (after
22 months). a On the left CT scan showed pathological latero-cervical
lymph node (11 x 10 mm); while on the right, no pathological lymph
node is evident. b On the left CT scan showed right external inguinal
lymph node (27 x 18 mm); while on the right, no pathological lymph
node is present. ¢ On the left CT scan showed right inguinal lymph
node (19 x 17 mm); while on the right, no pathological lymph node is
present. d CT scan showed pseudoprogression of hypodense hepatic
lesion in the IV segment between baseline and after 22 months

Systematic literature revision

We screened 1913 papers in the primary search. One manu-
script has been manually added. After the exclusion of dupli-
cates, studies published in other languages than English, studies
involving the paediatric population and studies with different
topics, 426 citations were screened for eligibility criteria on an
abstract basis. 119 articles were finally analysed with a full-text
review, and 26 studies were included in the analysis (Table 1).
Figure 4 provides a flowchart of the literature search.
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Fig. 3 Patient’s pICT and CEA monitoring before and during treat-
ment. LC Latero-Cervical, MCC Merkel Cell Carcinoma, CBZ cabo-
zantinib, plCT Plasmatic Calcitonin, CEA Carcino-Embryonic
Antigen

Thyroid cancers
Use of CBZ in MTC

MTC is a rare neuroendocrine disease arising from paraf-
ollicular C-cells of the thyroid, thus producing CT. It
encompasses about 2-5% of all thyroid cancers, occurring
as part of MEN2 syndrome in about 25% of cases and
sporadically in 75% [13]. RET mutations can be detected at
a germline level in familial forms, as well as at a somatic
level in up to 50-90% of histological samples, according to
literature results [14]. Irrespective of RET mutation status,
MTC discloses poor prognosis in the event of distant
metastases at diagnosis or during the follow-up [13]. At
early stages, complete surgical resection represents a cura-
tive treatment; while the management of advanced and
progressive MTC remains challenging [15]. Cytotoxic
chemotherapy and radiotherapy showed limited efficacy,
due to different mechanisms, including higher expression of
Multi Drug Resistant 1 (MDR-1) proteins and enhancement
of Heat Shock Protein pathways [16]. By reason of the low
PDL1 expression on C-cells, disappointing results have
been observed with immune-checkpoint inhibitors [17].
Besides, experience with peptide receptor radionuclide
therapy (PRRT) is still limited, and an objective response is
observed in only 10-15% of patients [18]. The best results
in the treatment of advanced and progressive MTC came
from TKI drugs. In particular, vandetanib and CBZ
(Cometrig®), had been approved by the United States Food
and Drug Administration (FDA) in 2011 and 2021, and by
the European Medicine Agency (EMA) in 2012 and 2022,
respectively. From a molecular perspective, in vitro and
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Table 1 List of included studies

Condition PI PY  Study design Phase Enrolled patients Dose (mg/daily)
DTC Cabanillas 2014 Clinical Trial I 15 140
DTC Shah 2015 Clinical Trial 1I 25 60 or 80 (if tolerated)
DTC Konda 2017 Prospective analysis on I 25 60 or 80 (if tolerated)
clinical trial
DTC Brose 2021 Clinical Trial I 187 60
DTC Taylor 2022 Clinical Trial Ib 102 40 or 60 (plus
atezolizumab)
MTC Elisei 2013 Clinical Trial I 330 140
MTC Bentzien 2013 Preclinical preclinical biochemical assays/mice N/A
model
MTC Rinciog 2014 Adjusted indirect indirect N/A N/A
comparison comparison
MTC Sherman 2016 Correlative analysis indirect 330 140
comparison
MTC Schlumberger 2017 Clinical Trial I 330 140
MTC Koehler 2021 Real World Comparative N/A 48 N/A
Study
MTC Capdevila 2022 Clinical Trial v 247 60 vs 140
MTC (+ other Kurzrock 2011 Clinical Trial I 37, (85) MTD (175)
cancers)
MCC Rabinowits 2018 Clinical Trial I 8 60 (40 or 20 if not
tolerated)
MCC Tarabadkar 2018 Case Series N/A 5 60 reduced to 40
PPGL Roman 2017 Review N/A N/A N/A
PPGL Jimenez 2018 Expert Opinion N/A N/A N/A
PPGL Economides 2020 Case Report N/A 1 60/40
GU Tract Apolo 2020 Clinical Trial I 54 40
Tumours
ACC Phan 2015 Preclinical N/A biochemical assays/mice N/A
model
ACC Kroiss 2020 Retrospective cohort study N/A 16 60/100/140/20
ACC Miller 2020 Retrospective cohort study  N/A 15 N/A
NEN Sennino 2012 Preclinical preclinical biochemical assays/mice N/A
model
NEN Reuther 2016 Preclinical preclinical biochemical assays/mice N/A
model
NEN Chan 2018 Clinical Trial I 35 60
NEN Grillo 2018 Review N/A N/A N/A

PI Principal Investigator, PY Publication Year, DTC Differentiated Thyroid Cancer, MTC Medullary Thyroid Carcinoma, MCC Merkel Cell
Carcinoma, PPGL Pheochromocytoma and Paraganglioma, GU genitourinary, ACC Adrenocortical Carcinoma, NEN Neuroendocrine Neoplasm,

N/A not applicable, MTD maximum tolerated dose

in vivo studies on mouse models demonstrated that, besides
the robust MET and VEGFR2 antagonism, CBZ inhibits
both the wild type and the mutated forms of RET, pre-
venting MTC cells and xenograft from growing and
metastasising [19]. As regards clinical trials, in phase I
(Study of XL184 (Cabozantinib) in Adults With Advanced
Malignancies) and III trials (EXAM trial), CBZ showed an
acceptable safety profile (Table 2), a longer progression-free
survival (PFS) (11.2 months versus 4.0 months in the
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placebo arm, p<0.001) and overall survival (OS) (26.6
versus 21.1 months, although the difference did not reach
statistical significance, p =0.24) [20, 21]. These promising
results were obtained mainly in patients with RETM918T
mutation (which was present in almost 65-70% of the
tumours) [22]. In fact, according to the exploratory analysis
of this study, RETM918T subgroup achieved the greatest
observed PFS benefit for CBZ versus placebo (HR, 0.15;
95% CI, 0.08-0.28; P<0.0001) [23]. Furthermore, an
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Fig. 4 Flow diagram of the
literature review process

manually added manuscript

indirect treatment comparison between CBZ and vandetanib
showed a positive trend in favour of CBZ in terms of PFS
[24]. As regarding adverse effects, CBZ showed a dose-
dependent relation but the EXAMINER trial failed to prove
the non-inferiority of the 60 mg/day tablets versus the
140 mg/day capsules [25]. Moreover, Koehler et al. study
found that both PFS and OS were significantly longer in
younger patients experiencing more than five AEs, thus
suggesting a dose-related correlation with the tumour
response [26]. In conclusion, in MTC, CBZ appeared to be
effective in prolonging survival, although many patients
often do not receive full dosage or need a discontinuation of
the treatment due to poor tolerance or toxicities (Table 2).

Use of CBZ in RAIR-DTC

DTCs, which account for about 90% of all thyroid cancers,
usually have favourable long-term prognosis following
surgeryzradioiodine treatment, with mortality rates ranging
from 0.3-0.5/100,000 population [27, 28].

However, two-thirds of patients with recurrent or meta-
static DTC are RAIR with a 10-year survival rate of only 10%
after diagnosis, resulting in a challenge for physicians [29].

While indolent and oligometastatic RAIR-DTC can be
followed up with suppressive levothyroxine dose alone;
symptomatic, progressive low-burden disease may benefit
from locoregional therapies i.e., surgery, external radio-
therapy, or thermal ablation. The major challenge lies in

Total number of papers identified: 1913
(Pubmed 125 , Embase 1144 , Scopus 644)

~__ > Excluding manuscripts published in
other languages than English

FEEERE

S~ > Excluding duplicates, manuscripts with
different topics or involving pediatric

population

426

Excluding papers on drug interactions
(e.g.cabozantinib and rosiglitazone) or
“~_____y| onotherTKis than cabozantinib or on
the effect of cabozantinib on other
tumors than MTC, RAIR-DTC, PPGL,
ACC, MCC, NEN

119

Excluding manuscripts citing other
papers we already included

-

rapidly progressive and inoperable cases or high-burden
metastatic RAIR-DTC, which requires systemic therapies.
In those patients, the treatment with cytotoxic chemother-
apy showed disappointing results, with selective benefits
only in patients who fail to respond to TKIs (data are mainly
anecdotal) [30]. Hence, TKIs are considered in the event of
disease progression, mainly after surgical and radiation
therapy approaches [31]. Until fairly recently, lenvatinib, a
wide spectrum anti-angiogenetic TKI, was the only avail-
able option for advanced RAIR-DTC and, at the time of
progression to this drug, the therapeutic chances were poor
[32]. In 2021 and 2022, CBZ (Cabometyx®) was finally
approved by FDA and EMA for RAIR-DTC patients, who
disclosed progressive disease after prior treatments with
VEGFR inhibitors. This endorsement was based on the
promising data from the COSMIC-311 study: a multi-
central, randomised, double-blind trial in which patients,
with locally advanced or metastatic RAIR-DTC, progres-
sing during or after treatment with at least one VEGFR-
targeting TKI, were treated with either CBZ 60 mg orally
once daily or placebo [3]. The median PFS was 11.0 months
[95% confidence interval (CI), 7.4—13.8] in the CBZ arm
compared with 1.9 months (95% CI, 1.9-3.7) in the control
arm [3]. The final analysis of COSMIC-311 with longer
follow-up confirmed the superiority of CBZ versus placebo
with a manageable safety profile [3]. The PFS benefit was
consistent with the interim analysis and irrespective of prior
VEGFR-targeted therapy [33]. Phase I and II trials that
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Table 2 Cabozantinib related adverse events [21, 34, 83]

Frequent AEs (>50%) All grades G3 (%) Common AEs (50-10%) All grades G3 (%) Not common AEs All grades G3 (%)
(%) (%) (<10%) (%)
Cardiovascular
hypertension 33-53 8.4-20 pulmonary 33 0
embolism
Dermatological
palmar-plantar 40-53 13-12  rash 19.2-23 0.9
erythrodyesthesia
mucositis 20-53 0-3.3  dry skin 19.2-20.1 0-2.8
Gastrointestinal
diarrhoea 52-87 7.3-21 dysgeusia 2645 0.1-0.5
decreased appetite 49-80 7-13 constipation 26-34 0-1
nausea 43-80 0-6.9  stomatitis 19-30 1.4-2.6
vomiting 24-60 2.3-7
Constitutional
fatigue 41-80 7-13 arthralgia 14 2.3
weight decrease 35-73 3.4-13 myalgia 7-27 1
insomnia 10.7 0
pruritus 13.6 0.5
headache 13-18.2 0.4-0.5
alopecia 16.4 0
hair colour changes 33-34 0.5
Renal
proteinuria 47 7
Lab alteration
incresed AST 10-100 7-3.2  hypophosphatemia 20 13 increased ALP 3 0
increased ALT 24-73 7-5 hyponatremia 13-33 7-27
increased LDH 73 7
hypocalcemia 23-60 13-0
hypokalemia 47 13-3.8
Haematologic
anaemia 20-31
leukopenia 27
Respiratory tract
pneumonia 4.2-13 13
dyspnoea 13.6-21 2.3-3.5
dysphonia 21-27 0-10.1
Thyroid
thyroid disfunction 14 0

AE Adverse Event, AST Aspartate Aminotransferase, ALT Alanine Aminotransferase, LDH Lactate Dehydrogenase, ALP Alkaline Phosphatase

preceded the COSMIC trial showed that CBZ presented a
safety profile similar to other multitargeted VEGFR and
clinical and statistically significant activity in DTC patients
who have progressed on prior VEGFR targeted therapies
[34-36]. Furthermore, Konda et al. performed a prospective
analysis as part of a multicenter International Thyroid
Oncology Group phase II study of CBZ in patients with
RAIR-DTC with bone metastases who progressed on prior
VEGFR-targeted therapy: CBZ was associated with a highly
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significant reduction in all bone turnover markers (even
when they were within normal limits at baseline) and a
minor decreases in bone lesion uptake was noted on Sodium
Fluoride PET in four out of six patients [37]. Finally, CBZ
provided the same efficacy advantage when in monotherapy
and when associated with immune-checkpoint inhibitors
such as nivolumab and ipilimumab, while it showed a
durable response and high rate of disease control when in
combination with atezolizumab [38, 39]. In 2018,
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Brose et al. presented the first study documenting CBZ anti-
tumoral activity in patients with RAIR-DTC as a first-line
therapy [40]. A phase I trial on the simultaneous use of CBZ
and PD-1 inhibitors in HIV-positive patients is now
recruiting (Table 3 - https://clinicaltrials.gov).

Use of CBZ in MCC

MCC is a rare, highly aggressive neuroendocrine skin
tumour that usually develops in sun-exposed areas [41].
Despite major advantages in understanding its carcinogen-
esis process, the MCC origin has not been completely
understood: on one hand, Merkel cell precursor has been
speculated as a source of MCC (normal Merkel Cells are
terminally differentiated, thus allegedly not able to devolve
into cancer); on the other hand, pro-B/pre-B lymphocytes,
fibroblasts, dermal mesenchymal stem cells or aberrant
keratinocytes have also been suspected as oncological pre-
cursors [42].

Elderly subjects with a story of sun exposition and/or
immunosuppressant therapy are at higher risk for this dis-
ease [43, 44]. Local and regional lymph node metastasis can
occur at the early stages, and the long-term prognosis is
poor, dropping to 14% at five years from the diagnosis in
the event of metastatic disease [11, 45]. Whether possible,
first-line therapy encompasses a wide tumour excision,
along with sentinel lymph node dissection and/or lympha-
denectomy. High-dose adjuvant radiotherapy (50—60 Gray)
to the primary site is usually delivered during the post-
operative takeover, but this treatment also seems beneficial
for locoregional control in patients with unresectable
tumours [45, 46]. The historically favoured systemic ther-
apy consisted of carboplatin/cisplatin-etoposide che-
motherapy, while any second lines were based on
anthracyclines, cyclophosphamide, vincristine, bleomycin,
and S-fluorouracil regimens [47]. Although cytotoxic che-
motherapy has an objective response rate of >50%,
responses are rarely durable with a median PFS of only
three months [44]. Moreover, several safety concerns are
well-known, making the traditional regimens mostly
reserved for palliative care, i.e. patients with advanced or
locally recurrent MCC [48]. During the last few years,
thanks to the advancement in immunotherapy, different
molecules have been proposed: immune-checkpoint inhi-
bitors (PD-1 and PDL-1 ligand inhibitors) are the favoured
agents. In particular, first-line therapy with avelumab
showed a PFS in up to 72% of the cases in an international
multicentre phase II trial (JAVELIN Merkel 200) [49].
Despite the success of immune therapy, a considerable
proportion of patients with metastatic MCC do not respond
to PD-1/PD-L1 blockade [49]. In this setting, TKIs have
been proposed due to their capability of targeting angio-
genesis and tumour-spreading processes as MCC expresses

VEGF-A, VEGF-C, VEGF-R2, and platelet-derived growth
factor (PDGF)-b in 91, 75, 88 and 72%, respectively
[50, 51]. Despite these promising data, very little literature
regarding anti-VEGF therapy on MCC is available: Tar-
abadkar described five cases of successful use of anti-VEGF
TKIs such as pazopanib and CBZ in patients with advanced
MCC [52]. In particular, a single case report of a 3.5-year
PFS in a patient receiving CBZ after platinum-based che-
motherapy has been described. Nonetheless, Rabinowits
et al. failed to demonstrate the efficacy of single-agent CBZ
and the 8 patients-trial prematurely failed, because of the
lack of efficacy and toxicity [53]. However, all the included
patients have been already pre-treated with heavy che-
motherapy regimens - such as platin-etoposide - and
received CBZ as a second or further line, which could have
affected the safety and the tolerance to this drug. After all,
no trial on CBZ in MCC is currently ongoing, since the
phase II study on CBZ in recurrent MCC (NCT02036476),
failed for lack of recruital.

Use of CBZ in PPGLs

Pheochromocytomas and paragangliomas (PPGLs) repre-
sent a rare group of neoplasia issued from chromaffin cells.
In particular, pheochromocytomas arise from the adrenal
medulla, while extra-adrenal lesions develop from the extra-
adrenal paraganglia.

Surgical removal is the therapy of choice in PPGLs with
either a curative intent in non-metastatic disease or, in meta-
static disease, to minimise symptoms derived from catechola-
mine excess and from compression of the surrounding
structures [54]. Surgical-related morbidity, however, needs to
be carefully evaluated in particular in head and neck non-
functioning PPGL. In fact, the closeness to cranial nerves and
vases often induces to favour a non-surgical approach, such as
watchful waiting or radiosurgery (gamma-knife/cyberknife), in
the event of compression of the surrounding structures [55].
Aside from radiotherapeutic options, the only officially
approved treatment for advanced tumours is the high-specific
iodine-131-meta-iodobenzylguanidine [(131 )MIBG] therapy
(Ultratrace), while chemotherapy and different targeted thera-
pies are widely used outside controlled clinical trials [56-58].
Recently, TKIs have been in the spotlight, due to their ability to
inhibit tumour neoangiogenesis. Furthermore, they also seemed
to play a role in the bone microenvironment, by interfering with
bone turnover, thus reducing eventual pain [59].

So far, the best studied TKI is sunitinib, which seems to
have better efficacy in RET and SDHx mutated patients: in a
large prospective phase II multicentre study, the total dis-
ease control rate (including stable disease or partial
response) in patients with germline mutations (SDHA,
SDHB, RET) was 83% (95% CI: 61-95%) [60]. At the
moment, sunitinib is under investigation in the first
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randomised placebo-controlled phase II clinical trial in
advanced PPGLs (FIRSTMAPPP, NCT01371202). Despite
the promising data on sunitinib, other TKI such as CBZ
have not yet been completely studied. In fact, in the lit-
erature, there is a case report of a 32-year-old male patient
suffering from an advanced metastatic paraganglioma,
showing a progressive disease when enrolled in a CBZ-
based trial as a monotherapy treatment. Nonetheless, he
showed prolonged disease control with a significant tumour
reduction and decrease in metastatic burden when enrolled
in the study by Apolo (started on CBZ plus nivolumab)
[61, 62]. A phase II clinical trial on CBZ in monotherapy is
now recruiting patients with unresectable metastatic para-
ganglioma or pheochromocytoma (Table 3 - https://clinica
Itrials.gov). Preliminary results on patients treated with
60 mg daily (titrated down to 40 or 20 mg depending on the
tolerability) showed tumour mass shrinkage and stability of
the disease [63]. Moreover, a phase II trial on the combi-
nation therapy (CBZ plus atezolizumab) in patients suffer-
ing from advanced and progressive neoplasms of the
endocrine system is ongoing, although not actively
recruiting (Table 3 - https://clinicaltrials.gov).

Use of CBZ in ACC

Adrenocortical carcinoma (ACC) is a rare tumour arising
from the adrenocortical gland, usually producing steroid
hormones [64]. The prognosis is often poor since patients at
low risk of recurrence are the minority and they can also
frequently further develop recurrent disease [65]. In loca-
lised stages, complete surgical resection is the treatment of
choice, while mitotane is the only approved drug that
showed efficacy in prolonging recurrence-free survival
when administrated as adjuvant treatment in patients at
higher risk of recurrence [66]. Other adjuvant therapies,
including chemotherapy, had been under investigation:
although the European Society of Endocrinology did not
reach a definitive consensus on adjuvant use of cytotoxic
drugs for ACC, based on phase III trial, the combination of
etoposide, doxorubicin and cisplatin (EDP) with mitotane
(EDP-M) is recommended in patients with very high risk of
recurrence [67]. Although the rates of response and PFS
were significantly better with EDP-M treated patients, the
study failed to show a significant difference in terms of
overall survival [67]. In this setting, TKIs have been con-
sidered as a second-line therapy for patients who showed
disease progression under EDP-M [68]. The rationale for
the use of TKIs is based on the study of Pnan et al. who
demonstrated an increased phosphorylation of c-MET in the
immunohistochemistry of ACC tissue samples compared to
adrenocortical adenomas and normal cortex, thus speculat-
ing that targeting c-MET could provide a breakthrough in
the management of these aggressive diseases [69].

Moreover, an in vivo experiment in a mouse model con-
firmed that the knockout of c-MET inhibited adrenocortical
carcinoma growth, tumour-related angiogenesis, che-
motherapy resistance and cell survival, further suggesting
this molecular pathway as a valuable therapeutic target for
adrenocortical carcinoma [69]. Based on those promising
preclinical data, a retrospective cohort study on CBZ use in
patients with progressive disease under mitotane or cyto-
toxic chemotherapy regimens has been performed: best
response was partial response in three out of 16 subjects,
stable disease in five and progressive disease in eight
patients. Although eight subjects (50% of the patients)
showed tumour progression, this result was considered
favourable (PFS was 16 weeks and OS was 58 weeks),
compared to other treatments that failed to demonstrate a
prolonged overall survival [68, 70]. A single institution
experience showed a stable disease lasting six months in
one patient treated with CBZ after previously progressing
through chemotherapy and pembrolizumab [71].

To date, there is a phase II active trial actively recruiting
patients suffering from unresectable or metastatic ACC in
order to assess the efficacy and safety of CBZ (Table 3 -
www.ClinicalTrials.gov).

Use of CBZ in NENs

Neuroendocrine neoplasms (NENs) are a heterogeneous
group of neoplasms originating from neuroendocrine cells
localised in different organs, mostly within the digestive
tract and in the lungs [72]. Therapeutic options rely on the
tumour’s primary site, morphology, grade and stage,
encompassing the “watchful and wait” attitude, surgical
resection, locoregional treatment, or systemic therapies,
including somatostatin receptor analogues, targeted thera-
pies or traditional chemotherapy, in the event of advanced
and progressive disease not responding to other treatments
[73-75]. As regards multi-TKIs, sunitinib is the only one
that obtained EMA and FDA approval for pancreatic NENSs,
while other TKIs are currently under evaluation [76]. In
particular, Reuther and colleagues found out that, while
c-MET inhibition alone is not sufficient to exert direct
antitumor or antimigratory effects in NEN cells, the multi-
TKIs CBZ, as well as tivantinib, disclose therapeutic effi-
cacy, probably due to the suppression of other molecular
pathways [77]. Preclinical studies showed a reduced inva-
sion and metastatic activity in mice with pancreatic NEN
treated with CBZ: in particular, the simultaneous inhibition
of VEGFR and MET pathways resulted in a smaller tumour
mass and no metastases for CBZ-treated mice, compared to
only anti-VEGF-treated mice [78]. The multi-TKI CBZ has
also shown promising antitumor activity in a preliminary
report of a phase II trial for pancreatic and extra-pancreatic
NENSs, showing a PFS of 21.8 months and 31.4 months in
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patients with pancreatic and non-pancreatic NENs, respec-
tively [79]. Based on those results, five clinical trials are
actively recruiting while three more trials are still active but
not recruiting (Table 3 - www.ClinicalTrials.gov) [80].

Discussion

To the best of our knowledge, very few data on CBZ in
endocrine and neuroendocrine tumours are available so far,
while it is widely agreed that TKI improved MTC and dif-
ferentiated thyroid cancer’s natural history. In the present
case report, CBZ, along with a multimodal therapeutic
approach, including surgery and adjuvant radiotherapy,
showed a 24-month PES from both MTC and MCC in an 83-
year-old man. Of note, this patient disclosed two highly
aggressive endocrine tumours, i.e. IV-stage MTC and a high-
recurrence risk MCC with an estimated 5-year survival of
<30%. For these reasons, it was necessary to provide a broad-
spectrum treatment, able to control both these diseases. CBZ
appeared as the better compromise, even if its efficacy on
MCQC is still uncertain. In fact, literature data are scant and
contrasting, but it is worth noting that the failed focused trial
on CBZ for MCC [53] was significantly biased by the heavy
systemic chemotherapy treatments performed by the included
patients, at odds with the present patient’s history.

Although globally safe and well-tolerated, CBZ-related
adverse events often need a tailored approach with perso-
nalized doses and frequent clinical, biochemical and radi-
ological follow-ups. In the present experience, CBZ, as a
second-line therapy, was interrupted for some days or weeks
when the patient showed lower tolerance, and the dose was
also adjusted up to 40 mg daily without affecting the PFS.

Different neoplasms with higher metastatic load are
effectively controlled under targeted therapies and many
endocrine tumours include multi-targeted or selective TKI
in their protocols. These treatments can produce different
adverse events, i.e. variable rates of myelosuppression and
immunodepression, along with anorexia, fatigue, nausea,
anomalies in liver function test, hypertension, thrombocy-
topenia, palmar-plantar erythrodysesthesia, QTc prolonga-
tion, notably in elderly subjects [22]. As a matter of fact,
despite the high prevalence of cancer in elderly people, very
few data on antineoplastic therapy effects in this specific
population are available [81]. Clinical trials, in fact, usually
include a very selected population and, as a consequence,
the experience with targeted therapy is limited in the ger-
iatric population. On the other hand, it is well-known that
about 30-50% of elderly patients will experience severe
side effects of antineoplastic therapy, which is further
increased when combined regimens are used [82].

Rare endocrine diseases are often orphan diseases but with
overlapping effectiveness of some drugs. It is probably the
case of CBZ, which has been tested with benefits in the

@ Springer

thyroid cancer field of both follicular and neuroendocrine
origins. Moreover, a somewhat therapeutic potential also
emerged in other advanced endocrine tumours, although the
conclusion on its effectiveness is often biased by the presence
of former heavy treatment regimes. However, MCC, adrenal,
chromaffin and neuroendocrine tumours have been or cur-
rently are under investigation for this TKI. The endocrine
tumour framework is wide and complex, however, several
touchpoints in the molecular pathways and therapies emerged
from preclinical models to real practice. We are aware that
streamlining the therapeutic approach in this various disease
spectrum is probably not fully viable, since each tumour
retains its peculiarities and uniqueness. However, to speed up
the insight into new drugs’ effectiveness on different and rare
endocrine tumours, a new clinical trial concept is desired,
switching between a tumour-specific study mindset to a
comprehensive and wide-inclusive endocrine tumour model.
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