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Abstract

Tyrosine kinase inhibitors (TKIs) are emerging as potentially effective options in the treatment of
cancer, acting on the pathways involved in growth, avoidance of apoptosis, invasiveness,
angiogenesis, and local and distant spread. TKIs induce significant adverse effects, that can
negatively affect patients’ quality of life. The most common adverse events (AEs) include fatigue,
hand—foot skin reaction, decreased appetite, nausea, diarrhoea, hypertension, vomiting, weight loss,
endocrinopaties and metabolic disorders.

Patients in therapy with TKIs can develop endocrine-metabolic disorders, including dyslipidemia
(~50%), diabetes (~15-40%), and dysthyroidism (~20%). In some cases, patients show an improved
glycemia or hypoglycemia. The effects of TKIs on adrenal or gonadal function are still not
completely known. It was shown a higher prevalence of subclinical hypocortisolism in patients
treated with imatinib, while an increase of cortisol was reported in patients receiving
vandetanib. Long-term treatment with imatinib could impact significantly the ovarian reserve
and embryo developmental capacity.

It is important to evaluate patients, measure glucose levels, and manage hyperglycemia. Mild
treatment-related hyperglycemia can be controlled modifying the diet and with exercise, while
grade 3 and 4 hyperglycemia can lead to dose reductions and/or oral antihyperglycemic therapy.
Regarding thyroid dysfunctions, it is recommendable to measure the thyroid-stimulating hormone
(TSH)/free thyroxine (FT4) levels before starting the therapy, and every 3—4 weeks during the first
6 months as changes in FT4 levels precede the changes in TSH by 3—6 weeks.

Additional studies are necessary to definitely clarify the mechanism of TKIs-induced endocrine-

metabolic effects.



Introduction

Cancer is one of the main causes of death. In the past, standard treatments included surgery,
radiation therapy and chemotherapy, but in the last 20 years new approaches have been proposed,
based on the understanding of the underlying molecular mechanisms (1).

Malignant carcinomas show an autonomous cellular growth related to an imbalance in
proliferation/apoptosis, owing to cell signaling pathway alterations. Tyrosine kinases (TKs) are the
principal signaling pathway regulators, that catalyze tyrosine residue phosphorylation in various
molecules. The altered activation of TKs has been implicated in oncogenesis in different tumors,
leading to the idea of tyrosine kinase inhibitors (TKIs) as antitumoral compounds (2).

Thanks to the increased understanding of the molecular pathogenesis of tumors, therapeutic
compounds which target certain altered pathways [Rearranged during transfection (RET), BRAF,
epidermal growth factor receptor (EGFR), RAS, vascular endothelial growth factor receptor
(VEGFR), etc] have been developed (3,4). TKIs compete with the ATP binding sites of the TK
catalytic domains, and affect TK dependent oncogenic pathways (3,4), inhibiting the auto-
phosphorylation/activation of TKs, preventing the activation of intracellular signaling pathways
(Figure 1).

TKIs are specific to one or various homologous TKSs, and they are considered multikinase inhibitors
(5). By inhibiting only one kinase receptor, other compensatory TKs could be activated, as well as
the resistance to TKIs treatment. For this reason, the concurrent inhibition of multiple activated TKs
is the best way to act against cancer.

TKIs are emerging as potentially effective options in the treatment of cancer, acting on the above
mentioned pathways involved in growth, avoidance of apoptosis, invasiveness, angiogenesis, and
local and distant spread (4).

Angiogenesis has a leading role in embryogenesis (6). VEGF contributes to angiogenesis,
consisting of VEGF-A, VEGF-B, VEGF-C, VEGF-D, and the placental growth factor, that bind to

VEGFR, that comprises VEGFR-1, -2, and -3. VEGFR-1 and VEGFR-2 induction can activate



angiogenesis, while that of VEGFR-3 activates lympho-angiogenesis and embryogenic
angiogenesis (7). Furthermore, RET and fibroblast growth factor receptor (FGFR) are TK receptors,
important in cancerogenesis (6).

TK receptors are located on cell membranes, and their bond to ligands activate an intracellular
phosphorylation cascade, leading to angiogenesis and tumoral growth (6).

Several multitarget TKIs are now approved by US Food and Drug Administration (FDA), and
European Medicines Agency (EMA). TKIs are not considered as toxic as cytotoxic chemotherapy,
but they can induce significant adverse effects, that can negatively affect patients’ quality of life.
The most common adverse events (AEs) include fatigue, hand—foot skin reaction, decreased
appetite, nausea, diarrhoea, vomiting, hypertension, weight loss, endocrinopaties and metabolic
disorders. Therefore, effective AE prevention and management are important to maximize treatment
benefits (8,9). In the future, endocrinologists will probably deal with patients with no initial
endocrine pathologies, but with endocrinopathy or metabolic disorders caused by antitumoral
treatments (1).

This review will take in consideration the endocrine-metabolic side effects derived from the

treatment with TKIs.

Endocrine effects of TKIs

According to the Common Terminology Criteria for Adverse Events (CTCAE) v5.0, antitumoral
therapy side-effects are commonly graded on a 1-to-5 scale (National Cancer Institute 2009): 1 =
mild, 2 = moderate, 3 = severe, 4 = life-threatening, 5 = death related to AE (even if it is difficult to
distinguish between grades 2 and 3, particularly for endocrine side-effects) (10).

Endocrine or metabolic side-effects are rarely grade 3 or 4. Treatment interruption is usually not
suggested in hypothyroidism or pituitary deficiency, that are generally managed by hormone
replacement therapy. The anticancer regimen can be suspended in severe forms (in particular,

thyrotoxicosis). For this reason, AE grading, and the relative measures to be taken, are not



applicable to endocrine side-effects, and molecule withdrawal should be discussed between
oncologist and endocrinologist (11).

Pathophysiological mechanisms can be functional (i.e. alteration of hormone transport or insulin
secretion, or onset of insulin resistance) or destructive (i.e. dysthyroidism associated with non-
autoimmune thyroiditis) (1).

Patients in therapy with TKIs can develop endocrine-metabolic disorders, including dyslipidemia
(~50%), diabetes (~15-40%), and dysthyroidism (~20%). In some cases, patients show an improved
glycemia or hypoglycemia (11).

Before initiating the treatment with a TKI, thyroid-stimulating hormone (TSH), lipid profile and

fasting venous glycemia should be done (11).

Hyperglycemia/Hypoglycemia

Hyperglycemia has systemic effects that can cause constitutional symptoms (i.e. polyuria,
dehydration, polydipsia, renal insufficiency, weight loss, unclear vision, anorexia, nausea, fatigue
and diarrhea) (12). If untreated, it can lead to life-threatening complications ( i.e., cardiovascular
disease, neuropathy, nephropathy or kidney failure, retinopathy, etc) and to a progressive worsening
of quality of life.

TKIs can influence glucose metabolism through different proposed mechanisms and pathways, and
TKIs belonging to the same class can lead both to hypo- or hyperglycemia (13). For example, even
if nilotinib, imatinib, and dasatinib are used to treat chronic myeloid leukemia (CML) and target the
fusion of the “breakpoint cluster region gene and Abelson murine leukemia” (BCR-ABL) gene,
nilotinib can induce hyperglycemia in approximately 40% of patients, while dasatinib and imatinib
can cause hypoglycemia (14).

Among the 28 oncological TKIs approved at present by the FDA/EMA, 5 (dabrafenib and

trametinib, ceritinib, axitinib, alectinib) can lead to hyperglycemia (15).



TKIs belonging to anaplastic lymphoma kinase (ALK) inhibitors are utilized to treat non-small-cell
lung carcinoma (NSCLC), and have distinct effects on glucose. Ceritinib can induce hyperglycemia
in about 49% of patients, but not crizotinib (14).

Considering EGFR TKIs targeting T790M, only hyperglycemia has been described, while clinical
trials do not report cases of hypoglycemia in patients administered with AZD9291 or rociletinib
(13). Preclinical studies reported that hyperglycemia or hyperinsulinemia related to rociletinib could
be due to a metabolite which inhibits the type I insulin-like growth factor receptor (IGF-1R) and
insulin receptor kinases and, after oral glucose tolerance test, stimulates hyperglycemia in rats (16).
IGF-1R is a cell surface receptor, activating the Ras/MAPK/ERK and PI3K/AKT/mTOR pathways,
that control cell growth and inhibit apoptosis. Several IGF-1R inhibitors also block insulin receptor
owing to receptor homology (12).

In a phase /Il study, rociletinib was administered to 130 patients with EGFR-mutated NSCLC
whose disease had progressed in a preceding therapy with an EGFR inhibitor. Patients with T790M
positive disease were administered with rociletinib (500 mg twice daily, 625 mg twice daily, or 750
mg twice daily). The first enrolled 57 patients were treated with the free-base form of rociletinib
(150 mg once daily to 900 mg twice daily), and the others with the hydrogen bromide salt (HBr)
form (500 mg twice daily to 1000 mg twice daily). The only common dose limiting AE was
hyperglycemia (17).

Hyperglycemia has been described with compounds able to inhibit the phosphoinositide 3-kinase
(PI3K)-Akt-mammalian target of rapamycin pathway (such as Alpelisib), that affects downstream
key insulin signaling pathways through the increase of insulin resistance and the reduction of beta-
cell function, similarly to what reported in type 2 diabetes (T2DM) (13).

In rats and mice, the effect of the pan-Akt kinase inhibitor GSK690693 on hyperglycemia has been
evaluated, showing raised glucose and insulin levels, and hyperglycemia for approximately 6 hours
after the dose. The mechanism at the basis of the hyperglycemia induced by GSK690693 was

related to peripheral insulin resistance, raised gluconeogenesis, and/or hepatic glycogenolysis (18).



Multikinase ABL inhibitors (i.e. dasatinib and imatinib) act on glucose metabolism in human beta
cells, as demonstrated in vitro from chemical-induced apoptosis, activating nuclear factor-kappa B
(NF-xB). The inhibitory effect exerted on PDGFR and tumor necrosis factor alpha (TNF-a) can
affect the stimulation of beta cell apoptosis and insulin resistance in peripheral tissues (14).
Dasatinib and imatinib improve hyperglycemia in patients with previous T2DM.

Other TKIs (including sorafenib, axitinib, sunitinib, pazopanib, ponatinib, and vandetanib) can lead
to hypoglycemia (19). A paper retrospectively evaluated blood glucose levels in 17 diabetic and 61
non-diabetic patients treated with different TKIs (20). Mean statistically significant declines of
blood glucose levels were: 9 mg/dL with imatinib, 12 mg/dL with sorafenib, 14 mg/dL with
sunitinib, and 53 mg/dL with dasatinib. Forty-seven% of the patients with diabetes discontinued
their drugs, including insulin in some of them. One diabetic patient in treatment with sunitinib
developed symptomatic hypoglycemia. The mechanism at the basis of the hypoglycemic effect of
these drugs is still not known, but c-kit and PDGFRp are the common target kinases of the 4 tested

agents (20).

Dyslipidemia

Aggravation or improvement of dyslipidemia are related to different types of TKI, for example
imatinib seems to ameliorate lipid profile (21). A paper reported 9 patients with hyperlipidemia and
CML, or the hypereosinophilic syndrome, in 8 of whom plasma lipid levels normalized within one
month from the beginning of imatinib treatment (at a dose of 400 mg daily) (22). Similar data were
shown also by other studies (23,24).

On the contrary, 85/155 patients with metastatic renal cell carcinoma (mRCC) under TKIs
(sunitinib, pazopanib, sorafenib, famitinib) showed hyperlipidemia (25). The percentage of patients
showing hyperlipidemia with sunitinib, pazopanib, sorafenib and famitinib was 68.1%, 78.6%,
27.5% and 61.9%, respectively. The median progression-free survival (mPFS) and response rate

(RR) for patients with normal blood lipids were 8.0 months and 23.9%; 12.9 months and 54.0%



with grade I hyperlipidemia; 14.0 months and 60.7% with grade II hyperlipidemia; 22.2 months and
100.0% with grade III hyperlipidemia; respectively (25).

The plasma lipid profile and global cardiovascular risk were evaluated, before and during nilotinib
therapy, in 27 patients with chronic phase (CP)-CML (26). The therapy with nilotinib led to a
significant increase of total, low- (LDL) and high-density (HDL) lipoprotein cholesterol within
three months, and patients with non-optimal LDL cholesterol raised from 48.1 to 88.9% by 12
months, causing cholesterol-lowering drug intervention in 22.2% of them. The percentage of
patients with low HDL cholesterol levels diminished from 40.7 to 7.4% by 12 months. On the other
hand, a significant reduction in triglycerides was reported (26). A paper evaluated the incidence of
T2DM and hyperlipidemia in patients with CML receiving dasatinib or nilotinib as first- or second-
line treatment. Patients administered with nilotinib had a significantly higher incidence of T2DM or
hyperlipidemia than patients receiving dasatinib (27). On the contrary, another study in 168 patients
with CP-CML treated with imatinib, dasatinib or nilotinib, reported that nilotinib did not induce
DM or impaired fasting glucose or metabolic syndrome more extensively than imatinib or dasatinib,
even if it worsenes the glycometabolic profile (28).

Imatinib is the first-in-class BCR-ABL TKI used for the treatment of CML, while second-
(nilotinib, bosutinib, and dasatinib) and third-generation (ponatinib) TKIs are now present against
BCR-ABL mutations, rendering imatinib less effective (29). Scientific evidence shows that imatinib
induces low rates of thrombosis, indicating its potential protecting cardiovascular activity in these
patients, whereas ponatinib, nilotinib, and dasatinib affect endothelial cells and can lead to
atherogenesis increasing vascular permeability. Moreover, nilotinib alters platelet functions and

stimulates dyslipidemia and hyperglycemia that can lead to atherosclerosis (29).

Thyroid dysfunctions (TD)
The prevalence of thyroid dysfunctions (TD) (hypo- or hyper-thyroidism) related to a TKI varies

considerably according to the type of molecule, the dose administered, the types of thyroid



monitoring, and the recording accuracy of these AEs (30). Moreover, the probability of developing
TKI-induced dysthyroidism depends on the patient’s background and the existence of an associated
thyroid disorder (30,31).

Iatrogenic TD related to TKIs is mainly caused by destructive thyroiditis, probably due to vascular
damage (30,32). After a median treatment duration of 6 weeks (1-70 weeks), a thyrotoxic phase is
often reported, then hypothyroidism occurs after a median duration of 22 weeks (1-135) (33).
Sunitinib-induced thyroid toxicity has been the most studied clinical model for 10 years.
Thyrotoxicosis is reported firstly, then a transient increase in thyroglobulin associated with TKI-
induced cell lysis, and hypothyroidism, occur. This is repeated at each cycle when an intermittent
on/off pattern is prescribed, and after several cycles of treatment, a reduced vascularization of the
thyroid parenchyma is shown with hypotrophy of the gland that could be responsible for permanent
hypothyroidism if the therapy is prolonged (30). During the thyrotoxicosis phase, TSH is low and
FT4 is increased (or into the normal range, in subclinical hyperthyroidism), TSH receptor
autoantibodies (TRAD) are often absent and are measured only if a suspect of Graves’ disease (GD)
is present (30).

A meta-analysis evaluated 12 clinical trials (6 with sunitinib, 4 with cediranib and 2 with axitinib),
after the exclusion of ineligible studies. Patients administered with these drugs had a significantly
higher risk of all-grade hypothyroidism with a relative risk of 3.59 (95% CI = 2.40-5.38, P <
0.0001) (33).

Hyperthyroidism affects an average of 15.8% of patients undergoing TKI therapy (33,34) and
corresponds rather to a state of transient, most often subclinical, thyrotoxicosis. The occurrence of
hypothyroidism is late and prolonged, easy to be recognized and therefore reported more frequently

(18% of patients), and it can persist also when the therapy is discontinued (35).

Hypothyroidism (Table 1)



Hypothyroidism is the most frequent TKIs-induced thyroid dysfunction (34,36), and different TKIs
(including sunitinib, sorafenib, cabozantinib, vandetanib, lenvatinib) are responsible for inducing it
(34,37). TKIs can promote hypothyroidism through several mechanisms, such as ischemic
thyroiditis due to a marked capillary regression caused by blocking VEGF, higher thyroid hormone
(TH) metabolism, inhibition of iodine organification, inhibition of peroxidase, blocking of iodine
uptake, thyroid autoimmunity, and alteration of the intestinal absorption and of the enterohepatic
reabsorption of levothyroxine. Around 30-35% of patients treated with TKIs have a transient
increase of TSH levels, without any need of treatment (37).

An incidence analysis was conducted considering 6678 patients administered with sunitinib from 24
eligible trials (31). All-grade hypothyroidism had an incidence of 9.8% (95% CI 7.3-12.4%), and
high-grade of 0.4% (95% CI 0.3-0.5%). A meta-analysis of 2787 subjects in 7 randomized trials
reported a RR of all- and high-grade hypothyroidism of 13.95 (95% CI 6.91-28.15; P < 0.00001)
and 4.78 (95% CI 1.09-20.84; P = 0.04), respectively. A subgroup analysis in patients treated with
sunitinib for a longer period of time (P = 0.02) reported a significantly increased incidence of all-
grade hypothyroidism (31).

A paper reported the data from a global, expanded-access trial in 4543 patients with mRCC, who
were administered with oral sunitinib, 50 mg per day on a 4-weeks-on-2-weeks-off schedule. All-
grade hypothyroidism was shown as a treatment-related AE in 11% of patients (38).

A prospective study investigated sunitinib in Japanese patients with mRCC, with an initial oral dose
of 50 mg/day on a 4-weeks-on and 2-weeks-off schedule. The mPFS was 22.7 weeks, grade >3 AEs
occurred in 70%, with hypothyroidism in 593/1671 (35.5%) (39).

Another study investigated the effect of sunitinib in a non-screened group of patients with mRCC.
The frequency of induced hypothyroidism was 43% (40).

A meta-analysis of 500 patients with mRCC in 11 retrospective and prospective studies, treated
with sunitinib or sorafenib, did not report a significant difference in PFS between patients who

developed hypothyroidism during sunitinib and those who did not (41).



A phase III, open-label, multicentre trial (ClinicalTrials.gov, number NCT01761266), still active,
but not recruiting, is conducted in patients with unresectable HCC (42). Patients received oral
lenvatinib (for bodyweight <60 kg, 8 mg/day; for bodyweight >60 kg, 12 mg/day), or sorafenib
(400 mg twice-daily in 28-day cycles). The eligible 954/1492 patients received randomly sorafenib
(n=476) or lenvatinib (n=478). Hypothyroidism of any grade was present in 16% of patients
receiving lenvatinib and 2% in those receiving sorafenib (42).

In phase III studies of vandetanib and cabozantinib, about 90% of patients have prior thyroidectomy,
and 49% of those treated with vandetanib and 57% with cabozantinib have elevated TSH levels and
require an increase in thyroid replacement therapy (43).

A paper evaluated the data about TSH, free thyroxine (FT4), and levothyroxine in adolescents and
children with medullary thyroid cancer (MTC) involved in phase I/II trials of vandetanib (44).
Thirteen patients with multiple endocrine neoplasia type 2B (MEN 2B) and MTC were screened,
and among them, 11 (85%) had been previously submitted to thyroidectomy, and all were
administered with single-drug treatment with vandetanib for more than 6 months. The 11 athyreotic
patients had significantly raised TSH levels, while FT4 remained into the normal range, and the
levothyroxine dose was increased from 91 mcg/m(2)/day (£24) to 116 mcg/m(2)/day (+24). In the 2
patients not previously thyroidectomized, FT4 and TSH remained normal in the follow-up (44).

The effect of cabozantinib has been evaluated in 17 patients with advanced nonclear cell RCC,
administered with the dose of 60 mg once a day in 28 days cycles, and dose reductions to 40 or 20
mg were necessary owing to toxicities. The frequency of induced hypothyroidism was 24% (45).

A prospective, phase II trial enrolled patients with platinum-failure, recurrent/metastatic Merkel cell
carcinoma (MCC) who received oral cabozantinib 60 mg daily until disease progression (46). Eight
patients were accrued, then the study was closed prematurely owing to toxicity and lack of
responses. Four/8 patients (50%) had hypothyroidism (46).

The randomised phase II CABOSUN trial compared sunitinib with cabozantinib in patients with

advanced RCC randomised 1:1 to sunitinib 50 mg daily (4 weeks on/2 weeks off) or cabozantinib



60 mg daily. Eighteen/78 (23%) patients receiving cabozantinib developed hypothyroidism, and
4/72 (6%) treated with sunitinib (47).

A study evaluated 59 patients with unresectable progressive MTC administered with lenvatinib (24-
mg daily, 28-day cycles) until unmanageable toxicity, disease progression, interruption, or death.
Twelve/59 (20%) patients had an increase in blood TSH levels (48). In another study
(ClinicalTrials.gov, number NCT00946153), patients with histologically/clinically confirmed
advanced HCC, who were not submitted to surgical resection or local treatments, were administered
with lenvatinib 12 mg once daily in 28-day cycles. All 46 patients experienced at least one AE, and
hypothyroidism was present in 10/46 (21.7%) (49). Furthermore, a retrospective study investigated
lenvatinib (24 mg once daily) in 5 patients with ATC and 4/5 patients (80%) showed

hypothyroidism of any grade (50).

Hyperthyroidism (Table 2)

A paper reviewed the published literature on TKI-induced TD, to evaluate the AEs of targeted
therapy on thyroid function in oncological patients, and the impact of TD on disease prognosis (51).
Twenty-two original studies and 1641 patients were included. TD is a common AE of TKIs as,
among the 1641 included patients, 751 (45.8%) developed TD. Hypothyroidism was shown in 545
(33.2%) patients. The patients who were tested (n=1498) and developed hyperthyroidism were
47/1498 patients (3.14%) (51).

The case of a 57-year-old man with lumbar chordoma receiving 800 mg sorafenib daily has been
reported (52). Upon 18 weeks of therapy, the patient developed hyperthyroidism with positive
TRAD, even if pre-treatment TSH was normal. Moreover, GD recurred during treatment with
imatinib. The fact that GD occurred after two different TKIs indicates that it could be a rare but

important class effect (52).



A study investigated the incidence and clinical course of thyrotoxicosis in patients with metastatic
mRCC treated with sunitinib. Among the 62 enrolled patients, thyrotoxicosis preceded
hypothyroidism in 2 (3.2%) (53).

A study evaluated thyroid function in patients enrolled in two phase II clinical trials (54). Thirty-
three patients received cabozantinib for metastatic bladder cancer and metastatic soft tissue
sarcoma, and follow-up thyroid function tests were available for 31, reporting TD in 93.1% of
patients, with a preponderance of subclinical hypothyroidism. Two patients had a transient

thyrotoxicosis, and then hypothyroidism (54).

Adrenal dysfunctions

The effects of TKIs on adrenal function are still not completely known. In patients treated with
imatinib, a higher prevalence of subclinical hypocortisolism was shown (55), while an increase of
cortisol was reported in 14 patients receiving vandetanib (56).

A study assessed the basal and stimulated adrenal function in 12 patients with advanced radioiodine
refractory differentiated thyroid cancer (DTC) and MTC, receiving, respectively, lenvatinib or
vandetanib. Ten patients with fatigue had a gradual adrenocorticotropic hormone (ACTH) increase
and normal cortisol levels, and 6 of them had a cortisol response upon ACTH stimulation, in
agreement with the diagnosis of primary adrenal insufficiency (PAI). Patients with PAI were treated
with cortisone acetate replacement treatment, and fatigue improved, as estimated by the CTCAE
version 4.03, indicating that PAI can induce fatigue during the therapy with lenvatinib and

vandetanib (57).

Gonadal effects
Spermatogenesis
The possible effect of TKIs on spermatogenesis could be due to a direct action exercised on meiosis

(58). For example, the c-abl TKs, primary target of imatinib and dasatinib, appear to be involved in



meiosis [ of spermatogenesis, and C-kit (target of nilotinib, sunitinib, imatinib, and dasatinib) is
thought to be implicated in turning on the differentiation process of spermatogenesis. TKIs may
also affect function, such as fertilization and sperm motility. Capacitation is the phenomenon
through which spermatozoon achieves fertilizing capacity upon the exposition to the female
reproductive tract, that has hormones and signal molecules that are necessary to increase sperm cell
motility. After capacitation, a sperm cell is hyperactivated, leading to the acrosome reaction and
subsequent fertilization. TKIs that target these sperm TKs could significantly affect capacitation,
negatively impacting sperm membrane potential, sperm cell motility, and hyperactivation (58).

The effects of dasatinib, nilotinib, and imatinib in men with CML have been evaluated before and
after 4 months from the beginning of TKI therapy. Serum testosterone, luteinizing hormone (LH),
and follicle-stimulating hormone (FSH) levels significantly decreased, such as sperm motility, total
sperm, and the percentage with normal morphology (59). Dasatinib had a minor effect on count,
volume, motility, and morphology of sperm in comparison to nilotinib and imatinib. However,

studies in humans did not show effects of TKIs on male fertility (60).

Hypogonadism

Crizotinib, a competitive inhibitor of ALK and c-Met kinase, has shown notable effectiveness in
ALK-positive NSCLC. A strong decrease in testosterone is reported within days from the beginning
of crizotinib, even according to dose interruptions and restart of therapy. LH and FSH decreased in
some patients, indicating crizotinib has a central (hypothalamic or pituitary) effect, while in others
LH and FSH remained in the normal range or elevated, supporting the idea that crizotinib has also a
further direct gonadal effect (61).

A study evaluated the variation of testosterone in 19 patients with NSCLC treated, and 19 not
treated, with crizotinib. Total testosterone was low (<241 ng/dL) in 19/19 (100%) men treated with
crizotinib, and in 6/19 patients (32%) with metastatic NSCLC not administered with crizotinib (P =

0.0002). The beginning of crizotinib in 2 patients, who had earlier normal testosterone levels, led to



a prompt decrease in testosterone, LH and FSH within 14-21 days. The interruption of therapy led
back to normal testosterone levels. The reported data suggested that crizotinib can cause a rapid
reduction of testosterone in male patients. A central effect was supposed, but further direct effects
on testis may not be excluded (62).

Another study was conducted in 41 males with mRCC treated with pazopanib, sunitinib, and
axitinib. The incidence of hypogonadism was 77%; odds ratio for hypogonadism at >30 months on
TKIs was 12.1 (P = 0.011), and the odds ratios above and below this value had a confirmatory

trend, indicating that this could be a chronic AE (63).

Infertility

The kinase signaling pathways targeted by TKIs are crucial for the formation, maturation and
survival of oocytes and follicles, and for this reason an association between therapy and ovarian
insufficiency is possible. The c-Kit and its ligand Kit-L are crucial to establish primordial follicle
activation, primordial germ cells, growth and survival of oocytes and granulosa cell proliferation.
PDGFR and its ligand are determinant in the initial activation of follicles and may be implicated in
angiogenesis during the formation of corpus luteum. Moreover, oocytes and somatic cells strongly
express VEGF, and VEGF/VEGFR system is involved in the process of selection and luteinisation
of follicles and maintenance of function of the corpus luteum (64).

A study evaluated ovarian toxicity of sunitinib in 6-weeks old female mice treated for 5 weeks,
once daily, with sunitinib (50 mg/kg/d) or vehicle alone. Sunitinib treatment significantly decreased
corpora lutea number/ovary (P < 0.01) and serum Anti Mullerian hormone (belonging to TGFf
family, that is expressed in granulosa cells of preantral and small antral follicles and can be a good
marker of the amount of growing follicles) levels in comparison to control mice (P < 0.05), whereas
primordial and growing follicles numbers per ovary did not differ in the two groups. Upon

treatment interruption, all female mice could have litters (64).



The effect of long-term imatinib was evaluated on follicle development and embryo quality, in adult
female mice receiving daily intraperitoneal injections of this drug for 4-6 weeks. The treatment led
to a shift in follicle development, and fewer primordial follicles, but higher primary and secondary
follicles (P < 0.05), while no effects on fertilization rates or ovulation were reported. Blastocysts
obtained from females receiving imatinib had fewer total cells (P < 0.05), and a significant shift
from inner cell mass to increased trophectoderm cells. These data indicated that long-term treatment
with this TKI could impact significantly the ovarian reserve and embryo developmental capacity

(65).

Effects on the hypothalamic-pituitary-thyroid axis

The treatment with TKIs can cause derangements in the hypothalamic-pituitary-thyroid axis,
perhaps through the direct inhibition of thyroid hormone feedback at pituitary or hypothalamic
level, increasing TSH and the need of higher levothyroxine replacement doses in thyroidectomized
patients. Axitinib, and with a lower extent, also sunitinib or sorafenib, is associated with elevated

TSH levels (66).

Management of endocrine effects of treatment with TKIs

Hyperglycemia can lead to life-threatening complications and affect negatively the patient quality
of life causing dose reductions or discontinuations. For these reasons, it is important to evaluate
patients, measure glucose levels, and manage hyperglycemia (13). In real-world clinical data,
patients needing anticancer therapy can have glucose intolerance, and previous or undiagnosed
diabetes. For this reason, evaluating patients for those conditions can suggest which of them would
need close monitoring, and even those considered low risk can still develop hyperglycemia (12).
During the therapy, patients can be evaluated for hyperglycemia [by measuring fasting and/or
postprandial blood glucose levels (in patients with an already diagnosed diabetes) and periodic

hemoglobin Alc testing] and for insulin resistance (by insulin levels). Mild treatment-related



hyperglycemia can be controlled modifying the diet and with exercise, while grade 3 and 4
hyperglycemia can lead to dose reductions and/or oral antihyperglycemic therapy (categorized by
mechanisms; for insulin receptor/IGF-1R inhibitors, insulin sensitizers (such as metformin) or a
sodium/glucose cotransporter 2 (SGLT2) inhibitor; or others, such as insulin sensitizer,
secretagogues, an SGLT2 inhibitor, or insulin) (12,15).

Diagnosis of dyslipidemia during TKIs treatment is not different from that of non-iatrogenic
dyslipidemia and the target levels are selected according to the general health status, prognosis,
cardiovascular history and risk factors (21). The lipid profile should be monitored beside the
thyroidal profile, since TKIs can lead to hypothyroidism, that is responsible to impair the former. At
present, guidelines can be applied in case of good oncologic prognosis (67).

A history of thyroid disorders does not contraindicate initiation of TKIs, and the screening for anti-
thyroid autoimmunity (anti-thyroperoxidase antibodies, anti-thyroglobulin antibodies, TRADbs)
before initiation of the treatment is not recommended (30). It is recommendable to measure the
TSH/FT4 levels before starting the therapy, and every 3—4 weeks during the first 6 months as
changes in FT4 levels precede the changes in TSH by 3—6 weeks. The occurrence of TDs, usually
grade 1 or 2, does not contraindicate the continuation of TKIs (30).

In case of thyrotoxicosis, a symptomatic treatment can be initiated including low-dose non-
cardioselective B-blockers, such as propranolol, in the absence of contraindication, to control
cardiothyrosis and tremors. Corticosteroids are used in the case of Graves’ ophthalmopathy (30).
Considering the risk of progression to hypothyroidism after thyrotoxicosis, the regular monitoring
of TSH and FT4 is necessary. Hyperthyroidism can be solved, followed or not by hypothyroidism.
During hypothyroidism, the pB-blocker treatment is discontinued and a supportive treatment with

levothyroxine can be started (30).

Conclusion



Cancer standard treatments include surgery, radiation therapy and chemotherapy, but in the last 20
years new approaches have been evaluated, based on the understanding of the underlying molecular
mechanisms (1).

Various multitarget TKIs are approved by US FDA, and EMA. TKIs are not considered as toxic as
cytotoxic chemotherapy, but they can lead to significant adverse effects, that can negatively affect
patients’ quality of life. The most common AEs include fatigue, hand—foot skin reaction, decreased
appetite, nausea, vomiting, diarrhoea, hypertension, weight loss, endocrinopaties and metabolic
disorders.

Patients in therapy with TKIs can develop endocrine-metabolic disorders, including dyslipidemia
(~50%), diabetes (~15-40%), and dysthyroidism (~20%). In some cases, patients show an improved
glycemia or hypoglycemia (11).

It is important to evaluate patients, measure glucose levels, and manage hyperglycemia. During the
therapy, patients can be screened for hyperglycemia [by measuring fasting and/or postprandial
blood glucose levels (in patients with an already diagnosed diabetes) and periodic hemoglobin Alc
testing]. Mild treatment-related hyperglycemia can be controlled modifying the diet and with
exercise, while grade 3 and 4 hyperglycemia can lead to dose reductions and/or oral
antihyperglycemic therapy (12). The diagnosis of dyslipidemia during TKIs treatment is not
different from that of non-iatrogenic dyslipidemia and the lipid profile should be assessed beside the
thyroidal profile, since TKIs can lead to hypothyroidism, that is responsible to impair the former.
Regarding TDs, it is recommendable to measure the TSH/FT4 levels before starting the therapy,
and every 3—4 weeks during the first 6 months as changes in FT4 levels precede the changes in TSH
by 3-6 weeks. The occurrence of TDs, usually grade 1 or 2, does not contraindicate the
continuation of TKIs (30).

Additional studies are necessary to definitely clarify the mechanism of TKIs-induced endocrine-

metabolic effects.
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Figure Legend

Figure 1. Multikinase inhibitors exercise inhibitory effects on several pathways. TKIs compete with
the ATP binding sites of the TK catalytic domains, and affect TK dependent oncogenic pathways,
inhibiting the auto-phosphorylation/activation of TKs, hindering the activation of intracellular

signaling pathways.
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Table 1. Multikinase inhibitors and induced hypothyroidism.

Drugs

Main outcomes

References
(number)

Sunitinib

Incidence analysis was conducted in 6678 patients administered
with sunitinib from 24 eligible trials. All-grade hypothyroidism
had an incidence of 9.8% (95% CI 7.3-12.4%), and high-grade of
0.4% (95% C1 0.3-0.5%)

(€2))

Sunitinib,
cediranib and
axitinib

A meta-analysis evaluated 12 clinical trials (6 with sunitinib, 4
with cediranib and 2 with axitinib), after the exclusion of
ineligible studies. A higher risk of all-grade hypothyroidism was
shown

(33)

Sorafenib

Fifty-seven consecutive patients with HCC, treated with sorafenib,
were evaluated. Thyroiditis was developed by 7%. Among the
other patients, 30% had elevation of TSH or FT4 above the normal
range, and serum T3/reverse T3 ratio and the (T3/T4) x100 ratio
decreased

(35)

Sunitinib

The final results from a global, expanded-access trial in 4543
patients with mRCC, administered with oral sunitinib (50 mg per
day on a 4-weeks-on-2-weeks-off schedule), reported all-grade
hypothyroidism in 11% of patients

(3%)

Sunitinib

A prospective study investigated sunitinib in Japanese patients
with mRCC, with an initial oral dose of 50 mg/day on a 4-weeks-
on and 2-weeks-off schedule. Hypothyroidism occurred in 35.5%

(39

Sunitinib

This study investigated the effect of sunitinib in 58 non-screened
patients with mRCC. Hypothyroidism occurred in 43% of them

(40)

Sunitinib or
sorafenib

A meta-analysis of 500 patients with mRCC in 11 retrospective
and prospective studies, treated with sunitinib or sorafenib, did not
report a significant difference in PFS between patients who
developed hypothyroidism during sunitinib and those who did not

(41)

Lenvatinib or
sorafenib

An open-label, phase III, multicentre, trial is conducted in patients
with  unresectable receiving sorafenib or lenvatinib.
Hypothyroidism of any grade was present in 16% of patients
receiving lenvatinib and 2% in those receiving sorafenib

(42)

Vandetanib

Thirteen patients with MEN 2B and MTC were evaluated. Among
them, 11 had been previously thyroidectomized, and all were
administered with vandetanib for more than 6 months. The 11
athyreotic patients had significantly raised TSH levels, while FT4
remained into the normal range, and the levothyroxine dose was
increased. In the 2 patients not previously thyroidectomized, FT4
and TSH remained normal in the follow-up

(44)

Cabozantinib

The effect of cabozantinib (60 mg once a day in 28 days cycles)
has been evaluated in 17 patients with advanced nonclear cell
RCC. The frequency of induced hypothyroidism was 24%

(45)

Cabozantinib

A prospective, phase II trial enrolled patients with platinum-
failure, recurrent/metastatic MCC who received oral cabozantinib
(60 mg daily until disease progression). Hypothyroidism occurred
in 50%

(46)

Sunitinib
versus

The randomised phase II CABOSUN trial compared sunitinib with
cabozantinib in patients with advanced RCC. Eighteen/78 (23%)

(47)




cabozantinib | patients receiving cabozantinib developed hypothyroidism, and

Adverse 4/72 (6%) treated with sunitinib

event

(AE); A study evaluated 59 patients with unresectable progressive MTC (48)
free administered with lenvatinib (24-mg daily, 28-day cycles) until

Lenvatinib unmanageable toxicity, disease progression, withdrawal, or death.
An increase in blood TSH levels occurred in 20%

A clinical trial is conducted in  patients  with (49)
histologically/clinically confirmed advanced HCC, not submitted
to surgical resection or local treatments, and administered with

Lenvatinib lenvatinib (12 mg once daily in 28-day cycles). Hypothyroidism
was present in 21.7%
A retrospective study investigated lenvatinib (24 mg once daily) in (50)
Lenvatinib 5 patients with ATC, and 80% showed hypothyroidism of any
grade
Dasatinib, (51
nilotinib,
1mat1n1’b,v A review evaluated the AEs of targeted therapy on thyroid
cabozantinib, .. . . . .. .
function in oncological patients (in 22 original studies and 1641
VEGFR-TKI, . . . . o
axitinib. patients). Hypothyroidism occurred in 33.2%
sorafenib,
sunitinib

thyroxine (FT4); hepatocellular carcinoma (HCC); medullary thyroid cancer (MTC); Merkel cell carcinoma
(MCC); metastatic renal cell carcinoma (mRCC); multiple endocrine neoplasia type 2B (MEN 2B); thyroid-
stimulating hormone (TSH); triiodothyronine (T3).



Table 2. Multikinase inhibitors and induced hyperthyroidism.

Two patients had a transient and then

hypothyroidism

thyrotoxicosis,

Drugs Main outcomes References
(number)
Dasatinib, A review evaluated the AEs of targeted therapy on thyroid (51
nilotinib, function in oncological patients (in 22 original studies and 1641
imatinib, patients). Hyperthyroidism occurred in 3.14%
cabozantinib,
VEGFR-TKI,
axitinib,
sorafenib,
sunitinib
A 57-year-old man with lumbar chordoma received 800 mg (52)
sorafenib daily. Upon 18 weeks of therapy, the patient developed
Sorafenib, hyperthyroidism with positive TRAD, even if pre-treatment TSH
imatinib was normal. Moreover, GD recurred during treatment with
imatinib
A study investigated the incidence and clinical course of (53)
Sunitinib thyrotoxicosis in 62 patients with metastatic mRCC treated with
sunitinib. Thyrotoxicosis preceded hypothyroidism in 3.2%
A study evaluated thyroid function in patients enrolled in two (54)
phase II clinical trials. Thirty-three patients received cabozantinib
i for metastatic bladder cancer and metastatic soft tissue sarcoma.
Cabozantinib

Adverse event (AE); Graves’ disease (GD); metastatic renal cell carcinoma (mRCC).




