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Simple Summary: Anti-VEGFR therapy has become a mainstay of treatment for thyroid cancer
across histological subtypes. However, the inhibition of this pathway is associated with particular
adverse effects, some of which are life-threatening and may lead to the withdrawal of definitive
treatment. To minimize this risk, the physician must recognize the characteristics of these adverse
effects, including their timing and frequency, and adopt appropriate countermeasures. Moreover,
management should more broadly encompass the appropriate subject selection for this treatment, as
well as modification of the treatment schedule and consideration of alternative therapies for those
patients harboring a risk of toxicity.

Abstract: Recent advances in the development of multitarget tyrosine kinase inhibitors (MTKIs),
which mainly target the vascular endothelial growth factor receptor (VEGFR), have improved prog-
noses and dramatically changed the treatment strategy for advanced thyroid cancer. However,
adverse events related to this inhibition can interrupt treatment and sometimes lead to discontinua-
tion. In addition, they can be annoying and potentially jeopardize the subjects’ quality of life, even
allowing that the clinical outcome of patients with advanced thyroid cancer remains limited. In this
review, we summarize the potential mechanisms underlying these adverse events (hypertension, pro-
teinuria and renal impairment, hemorrhage, fistula formation/gastrointestinal perforation, wound
healing, cardiovascular toxicities, hematological toxicity, diarrhea, fatigue, and acute cholecystitis),
their characteristics, and actual management. Furthermore, we also discuss the importance of related
factors, including alternative treatments that target other pathways, the necessity of subject selection
for safer administration, and patient education.
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1. Introduction

Thyroid cancer is the most prevalent endocrine cancer worldwide. Presently, four
multitarget tyrosine kinase inhibitors (comprising sorafenib [1,2], Lenvatinib [3,4] vande-
tanib [5,6], and cabozantinib [7,8]) (MTKIs) are licensed as critical therapeutic options for
the treatment of thyroid cancer, and have improved the progression-free survival (PFS) of
patients in clinical trials and real-world studies. These compounds show activity against
several receptor tyrosine kinases (RTKs), some involved in the pathogenesis of thyroid
cancer (i.e., BRAF, RAS, RET) and others in the vascular angiogenic pathway (i.e., VEGFR2,
platelet-derived growth factor (PDGFR)). These latter kinases—the main pro-angiogenic
molecules in thyroid cancer—act by promoting the formation of a vast network of blood
vessels. Accordingly, damaging the feeding blood vessels, especially vascular endothelium,
appears to be the most important mechanism of action of the MTKIs in thyroid cancer. As
these MTKIs are generally used as chronic therapies, it is important to effectively manage
and minimize their toxicities and thereby enable patients who show benefit to continue
treatment and obtain maximal clinical efficacy [9]. More particularly, the toxicity associated
with VEGF pathway inhibition is common and has a rapid onset during the early phase
of treatment, and—although this is rarely severe and life-threatening—patient quality of
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life (QOL) is nearly always affected. Accordingly, selecting the appropriate subject for
this treatment is advised, with close clinical monitoring and proactive multidisciplinary
management. Moreover, both physicians and patients should be educated to recognize
drug-related toxicities to allow their early management. Physicians should also consider
alternative therapeutic options that are consistent with the individual patient’s condition.
Furthermore, despite the development of gene alteration-specific TKIs, such as BRAF-
targeted ones, most patients who do not harbor these alterations are still candidates for the
VEGFR-targeted TKI.

The main aim of this review is to summarize and discuss the mechanisms potentially
underlying these adverse events (AEs) and our current understanding of the management
of the side effects of MTKIs in thyroid cancer. We particularly focus on anti-VEGF-related
mechanisms, with the aim of preventing their occurrence and exacerbation, and ideally of
avoiding definitive drug withdrawal.

2. Adverse Effects of Anti-VEGFR Therapy and the General Principles of Their
Management in Thyroid Cancer

AEs associated with VEGF pathway inhibition in thyroid cancer include hypertension,
proteinuria, hemorrhage, fistula formation, cardiovascular adverse events and gastroin-
testinal perforation (GIP) (Table 1). Some of these conditions are rare but potentially life-
threatening and may lead to treatment interruption and discontinuation. Post-marketing
surveillance has revealed adverse events that were not found in clinical trials, owing to
the increased number of patients receiving TKI treatment, including those subjects whose
characteristics did not meet the inclusion criteria in the trials (e.g., renal adverse events
rarely occurred in the phase III study, but they were found in daily practice [10]). It is
recognized that each adverse event has a susceptibility period, but AEs generally occur
early (as soon as 2–3 weeks after initiation) in treatment.

The median time to an adverse event of any severity grade in the SELECT trial,
which evaluated lenvatinib in radioactive iodine (RAI)-refractory differentiated thyroid
cancer (RR-DTC), was 12.1 weeks [11]. In particular, more patients in the older group (e.g.,
>65 years) experienced specific VEGF-related AEs of grade 3 or higher during MTKI treat-
ment than did younger patients (e.g., lenvatinib-emergent hypertension: 49.1% vs. 36.8%,
proteinuria: 13.2% vs. 7.7%, respectively). Furthermore, older patients were more likely to
require dose interruption and reduction or to discontinue therapy in general [12]. Inter-
estingly, several specific AEs were found to be predictive of a superior survival outcome.
Among these, lenvatinib-emergent hypertension and diarrhea were associated with a PFS
and overall survival (OS) advantage compared with patients treated with lenvatinib who
did not experience these AEs [13]. Furthermore, different populations are characteristically
predisposed toward AE risks with the same drug (e.g., the incidence of grade 3 or higher
lenvatinib-emergent hypertension was 4.7% in an Italian real-life observational study in
94 DTC patients [14] and 80% in the Japanese population of SELECT [4]), suggesting
the need to consider regional diversity regarding AE frequency and dose modification
with TKIs.

As a general principle in the management of AEs, conservative, supportive medical
care is applied for mild or moderate symptoms (common terminology criteria for adverse
events (CTCAE): grade 1 and grade 2 events, respectively) and dose interruption for
severe symptoms or those with life-threatening consequences (CTCAE grade 3 or grade
4 events, respectively), with subsequent consideration regarding restarting treatment at
a lower dose (dose modification) upon the resumption of treatment once the adverse
event has been resolved [15]. A very small number of severe and unacceptable VEGF-
related AEs prevent the restart of treatment, including tumor-related fistula formation
with severe hemorrhage (definitive withdrawal). Because the clinical outcome of patients
with advanced thyroid cancer remains limited, adequate supportive care by healthcare
workers for individual toxicity is strongly critical to improving the likelihood of efficacy and
extending survival, while ensuring a good QOL during treatment. To ensure all treatment-
related AEs are unerringly identified at the asymptomatic stage, regular examination in
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the clinic, including blood and urine tests and electrocardiograms, plays an important role.
Moreover, considering that MTKI treatment for thyroid cancer is characterized by daily,
long-term oral medication at home, patient education to aid in the early recognition of
the signs and symptoms of AEs (e.g., self-monitoring of blood pressure) is essential to
achieving early optimal management and intervention (Figure 1). The following section
outlines the actual management in an item-by-item manner.
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Table 1. AEs associated with VEGFR inhibition in phase III trials for advanced thyroid cancer.

Drug
(Study)

Type of
Cancer

No. of
Patients

% of Selected Adverse Events {≥Grade 3} (Placebo)

Hypertension Proteinuria
Renal Im-
pairment/

Failure
Hemorrhage Fistula

Formation
Wound

Complication

Sorafenib [1,2]
(DECISION) DTC 419 40.6% {9.7%}

(12.4% {2.4%}) NR NR NR NR NR

Lenvatinib [3,4]
(SELECT) DTC 392 67.8% {42%}

(9.2% {2.3%})
31.0% {10.0%}
(1.5% {0%})

4.2%
(1.9%)

NR
(1 case of Gr5

probably
treatment-related

hemorrhagic stroke)

GI fistula:
1.5% {0.8%}

Wound
dehiscence: NR

{0.4%}

Vandetanib [5,6]
(ZETA) MTC 331 32% {9%}

(16% {0%}) NR NR NR NR NR

Cabozantinib [7,8]
(EXAM) MTC 330 32.7% {8.4%}

(4.6% {0.9%})
1.9% {0.9%}
(0% {0%}) NR

25.2% {3.3%, 1 case
of Gr5 treatment-

related hemorrhage
(15.6% {0.9%})

GI fistula:
0.9% {0.5%}
(0% {0%})

Non-GI fistula:
3.7% {1.9%}
(0% {0%})

1.9% {0.9%}
(0.9% {0%})
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Table 1. Cont.

Drug
(Study)

Type of
Cancer

No. of
Patients

% of Selected Adverse Events {≥grade 3} (Placebo)

Heart Failure Thrombosis ECG QT
Prolonged Thrombocytopenia Diarrhea Fatigue

Sorafenib [1,2]
(DECISION) DTC 419 NR NR NR NR 68.6% {5.8%}

(15.3% {1%})
49.8% {5.8%}

(25.4% {1.4%})
Lenvatinib [3,4]

(SELECT) DTC 392 7% {2%}
ATE: 5.4% {2.7%}
VTE: 5.4% {3.8%}
PE: 2.7% {2.7%}

8% {1.5%} 8.8% {1.5%}
(1.5% {0%})

59.4% {8.0%}
(8.4% {0%})

59.0% {9.2%}
(27.5% {2.3%})

Vandetanib [5,6]
(ZETA) MTC 331 NR NR 14% {8%}

(1% {1%}) NR 56% {11%}
(26% {2%})

24% {6%}
(23% {1%})

Cabozantinib [7,8]
(EXAM) MTC 330

NR
{1 case of Gr5

treatment-related
cardiopulmonary

failure}

ATE:2.3% {0.9%}
(0% {0%})

VTE:5.6% {3.7%}
(2.8% {1.8%})

0% 35% {0%}
(4% {3%})

63.1% {15.9%}
(33% {1.8%})

40.7% {9.3%}
(28.4% {2.8%})

DTC, differentiated thyroid cancer; MTC, medullary thyroid cancer; NR, not reported; ECG, electrocardiogram; GI, gastrointestinal; ATE,
arterial thromboembolism; VTE, venous thromboembolism; PE, pulmonary embolism. The number in the bracket indicates the incidence of
AE with grade 3 or more. The number in parentheses indicates the incidence of AE observed in the placebo arm in each trial.

3. Appropriate Selection of Subjects and Optimal Timing of the Initiation
of Treatment

Any consideration of the indications for VEGFR-targeted TKI in thyroid cancer must
weigh the relative merits and demerits of VEGFR-targeted TKI. Careful subject selection at
treatment initiation is one of the most important factors in the overall management strategy
for AEs. First, given that life-threatening VEGF-related AEs could occur in any particular
situation, physicians should properly recognize the relative contraindications of the drugs
in advance and make an effort to minimize or avoid the risk of progression (Figure 1) [16].
These contraindications include existing active bleeding, substantial invasion into great
vessels with a history of therapeutic external beam radiotherapy, transmural airway or
esophagus invasion, and unhealed wounds. Any of these could result in a severe condition
via the development of significant fistula and bleeding, as well as protracted wound
healing. Bleeding itself is not an absolute contraindication to TKI treatment: the site of
bleeding and its severity should be considered vis-à-vis therapy benefits in the evaluation
of treatment discontinuation.

In patients with a rapidly growing tumor or metastasis close to the carotid artery,
jugular vein, or hilus, the administration of MKIs should be carefully evaluated to avoid
the risk of hemorrhage [17,18]. If the subject has safer alternative therapeutic options, the
indication for MKIs must be evaluated. Specifically, surgery remains the cornerstone of
treatment for locoregional recurrence. Other local therapies, including ethanol ablation,
thermal ablation, chemoembolization, and external beam radiation therapy also effectively
reduce recurrence [19,20]. If the metastatic tissue in patients with DTC remains sensitive to
radioactive iodine, treatment with RAI should be considered [21]. Isolated bone metastases
are treated with anti-osteolytic agents, either bisphosphonates or denosumab [19]. These
procedures are used alone or in combination to try to avoid severe VEGF-related AEs. For
patients harboring permanent and unsolvable risk factors, other systemic therapies, such
as TKIs that do not target the VEGF pathway, can be considered instead, as described later.

The appropriate timing for the start of VEGFR-targeted TKI is also a critical man-
agement point. Except for anaplastic thyroid carcinoma (ATC), the tumor growth of
thyroid cancers is generally slower than that of other cancers, even if the tumor becomes
radioiodine-refractory. Indeed, patients with a tumor size of less than 1 cm will experience
no symptoms and have a good quality of life. In contrast, toxicities related to VEGF-targeted
TKI produce an overall deterioration in QOL in most patients. On balance, patients with
an indolent disease do not immediately require tumor shrinkage by anticancer drugs at
the expense of their QOL. To avoid this disadvantage and clarify the clinical meaning
of the investigated drugs, the DECISION study, which evaluated sorafenib, and the SE-
LECT study specified disease progression according to the RECIST criteria within 14 or
13 months as a requirement of study enrolment [1,3]. The National Comprehensive Cancer
Network/American Thyroid Association guideline mentions that TKI treatment should
be considered in “patients with metastatic, rapidly progressive, symptomatic, and/or
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imminently threatening disease” [22]. In this regard, approaches without close monitor-
ing of the individual’s condition, namely, by imaging-based examination, may increase
the risk of invasion into a vital structure, such as a carotid artery, and may lead to the
relatively contraindicated situation described above. On the other hand, even among
patients with neither rapidly progressive nor symptomatic disease, some will require the
immediate use of a VEGF-targeted TKI. A sub-analysis of the SELECT study suggested that
the watch-and-wait approach might worsen outcomes in older patients (>65 years) [12], in
those with follicular thyroid cancer (FTC) (the OS was significantly better in the lenvatinib
arm than the placebo arm among those with FTC (hazard ratio (HR) 0.41, 95% confidence
interval (CI) 0.18–0.97; p < 0.035) [23]), and those with lung metastases of ≥1.0 cm [24].
These findings indicated that the delayed use of MTKIs worsens patient outcomes in
specific populations, irrespective of the presence and absence of symptoms. The ongoing
international, prospective, open-label, multicenter, non-interventional RIFTOS MKI study
is now investigating the time period to symptomatic progression from study entry in
asymptomatic patients with progressive RR-DTC, and should aid in the establishment of
evidence-based guidelines for the optimal timing of lenvatinib and sorafenib treatment
initiation in asymptomatic patients with RR-DTC (Clinical trial: 02303444) [25–28].

4. Management of Individual AEs
4.1. Hypertension

Hypertension is the most frequently observed AE that is associated with TKIs that
inhibit VEGF, particularly those inhibiting VEGFR2. Anti-VEGF therapies inhibit VEGF-
mediated vasodilation via the activation of nitric oxide (NO) synthase at the level of
vascular endothelium [29]. In the SELECT study, the median time to development of
hypertension was 2.3 weeks (range: 1.4–5.0) [13], versus eight days in Japanese patients [30].
Treatment-emergent hypertension was associated with a 5.9-month median progression-
free survival advantage (HR 0.59, 95% CI 0.39–0.88; p = 0.009) [13]. The degree differed
according to the drug; in a systematic review and meta-analysis of seven studies regarding
TKIs for advanced or RR-DTC, patients treated with sorafenib had a lower frequency
of both all-grade and grade ≥3 hypertension (41.6% and 10.5%) than those treated with
lenvatinib (65.2% and 35.2%); the differences were statistically significant [31].

Because anti-VEGFR TKI therapies can lead to the new onset or worsening of estab-
lished hypertension, all patients should have optimal blood pressure (BP) (<140/90 mmHg)
control before the initiation of treatment and maintain a controlled BP (<140/90 mmHg,
or lower in the case of overt proteinuria) throughout treatment. The use of 24-hour BP
monitoring can detect early development and accurately assess BP changes in patients
treated with anti-VEGFR TKI [32]. BP measurement at the same time in the morning at
least once a day at home should be recommended. Once hypertension (>140/90 mmHg)
or an increase in diastolic BP greater than 20 mmHg over baseline has developed [33],
angiotensin-converting enzyme inhibitors (ACEi) or angiotensin II receptor blockers (ARB)
should be considered first, followed by calcium channel blockers, diuretics/thiazides, and
β-adrenoceptor blockers if required, either as monotherapy or in combination [34–36]. For
patients with persistent proteinuria, in the absence of a specific therapy directed against the
underlying disease, a decrease in intraglomerular pressure, which might reduce protein
excretion, may be achieved by administering an angiotensin-converting enzyme inhibitor
or angiotensin receptor blocker (offering a renoprotective effect). ACEi and beta-blockers
are the preferred antihypertensive drugs in patients with or at risk of heart failure/left
ventricular dysfunction [35]. On the other hand, the use of diuretics may raise the risk of
electrolyte depletion and consequent QT prolongation, and should therefore not be consid-
ered for first-line therapy because of potential dehydration due to concomitant diarrhea,
nausea, or vomiting [35]. Care is required, especially in patients treated with vandetanib,
which potentially causes diarrhea and QT prolongation. TKI should be interrupted in
patients with resistant hypertension (≥ 160/100 mmHg) despite antihypertensive therapy
until the blood pressure drops to a normal range, and then restarted at a lower dose level.
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If the patient developed severe hypertension (e.g., ≥180/110 mmHg), the TKIs should be
withdrawn (Figure 2).
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4.2. Proteinuria and Renal Impairment

The mechanism underlying the proteinuria associated with VEGF inhibitors is unclear.
Possible explanations include thrombotic microangiopathy, which impairs the VEGFR-
expressing podocytes that play a central role in glomerular filtration [37–39], and glomeru-
lopathies such as minimal change disease and focal segmental glomerulosclerosis. A
review of anti-VEGF renal side effects revealed that the most common renal side effect of
anti-VEGF drugs is proteinuria, ranging from 21% to 63%, and that it frequently occurs in
association with hypertension [40]. Other meta-analyses showed incidences of 18.7% for
all grades of proteinuria and 2.4% for high-grade proteinuria in patients receiving VEGFR-
targeted TKIs. However, these meta-analyses did not include any studies with lenvatinib.
In the SELECT study, approximately one-third of all patients developed proteinuria of
any grade, and 10% experienced grade ≥3 proteinuria [41]. In a subgroup analysis of
the Japanese population in the SELECT trial, the incidence of renal adverse effects was
higher, with any-grade proteinuria of 63.3% and grade 3 proteinuria of 20%, even after the
dosage had been adjusted for weight [4]. Although the DECISION study did not report on
sorafenib-associated renal adverse effects [1], real-world experience with lenvatinib and
sorafenib in Japanese populations showed much higher incidences of proteinuria of any
grade, namely 60.8% and 27.8%, respectively [42]. Although glomerular injury can precede
the new development of hypertension, patients with renal dysfunction caused by other
comorbidities at baseline, such as hypertension and diabetes, should be carefully managed.
Onset is generally early (median time 6.1 weeks in SELECT [11]) but asymptomatic, and
accurate monitoring by regular urinalysis, possibly with timely drug discontinuation,
should therefore be conducted.

Evidence-based guidelines for the management of VEGFR-targeted agent-induced
proteinuria are lacking. For lenvatinib-induced proteinuria, lenvatinib may be continued
if proteinuria is grade 1 or 2, based on the criteria set in clinical trials. In the previous
studies, treatment interruption was mandatory when proteinuria reached grade 3 (urinary
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protein ≥3.5 g/d or a urine protein to creatinine ratio ≥3.5) [3,4,43]. While proteinuria
itself is rarely life-threatening (i.e., the degree of proteinuria did not significantly correlate
with renal dysfunction, defined by a decrease in the estimated glomerular filtration rate
(GFR)) [42], it is not realistic to apply these criteria universally, and physicians must balance
treatment benefits versus the potential harms of toxicity. In this regard, urinalysis by a
combination of the dipstick test and the urine protein:creatinine ratio (UPCR) showed
promise in preventing unnecessary lenvatinib interruption in patients with advanced
thyroid cancer, by eliminating the overestimation of proteinuria that occurs with qualitative
dipstick urinalysis only [44].

If grade 1 or 2 proteinuria occurs in high-risk patients with edema, fluid collection, or
elevated serum creatinine, treatment should be interrupted. Lenvatinib may be continued
at the same dose if the urinary protein is < 3.5 g/day and there is no edema, fluid collec-
tion, or elevation in serum creatinine. After the proteinuria has recovered or improved
to a lower grade, lenvatinib treatment may be restarted at a reduced dose. Although
discontinuation of the anti-VEGF agent results in a significant reduction in proteinuria,
persistence is common [45]. Furthermore, the prescribing of diuretics for edema and a
statin for hyperlipidemia are recommended. [46].

In the SELECT trial, the incidence of acute renal failure was 4%, and that of grade ≥3 was
1.9% [3]. Gastrointestinal toxicity, including nausea, vomiting, and loss of appetite, are the
primary risk factors for renal toxicity: the administration of diuretics for hypertension or
fluid retention might cause their exacerbation, and physicians thus need to pay attention
when prescribing these medicines. Besides, given the safety evidence regarding the renal
toxicity of sorafenib in various cancer types, including renal cell carcinoma, the drug can
be safely given in patients with mild and moderate renal insufficiency [42,47,48]. Renal
insufficiency and diabetes insipidus have been reported in clinical trials of vandetanib for
medullary thyroid cancer, although causation has not been established [5,49].

4.3. Hemorrhage

Because of its strong anti-VEGFR activity, all antiangiogenic MKIs carry a risk of
bleeding, presumably due to blood-vessel destabilization following decreased matrix
deposition, as well as the loss of vascular integrity, resulting in blood vessel rupture and
thrombocytopenia [9,50]. Hemorrhage most commonly manifests as epistaxis of mild
severity. However, if the tumor mass is severe and vital neck structures are involved, like a
major artery, the trachea and esophagus, the extensive necrosis caused by antiangiogenic
tyrosine kinase inhibitor therapy could lead to potentially life-threatening AEs, including a
rupture of the carotid artery, tracheoesophageal fistula and esophageal perforation [11,51].
In the ZETA study, which evaluated cabozantinib in progressive medullary thyroid cancer,
2 of the 219 patients treated with cabozantinib developed grade 5 bleeding, of which one
instance was recognized as treatment-related [5,6]. In the SELECT study, 35% of lenvatinib-
treated patients experienced hemorrhagic events, compared with 18% of the placebo
group [3]. Moreover, 14 cases of hemorrhage were reported in a post-marketing study
for lenvatinib in Japan [52]. Most cases appeared to be associated with tumor shrinkage
and necrosis surrounding the carotid artery. Incidence might have been influenced by
histological subtype: 3.4% of patients with locally invasive ATC (8 of 238 cases) and 0.8%
with DTC (6 of 778 cases) developed hemorrhagic events [46]. In addition, the influence of
a history of prior treatment with radiotherapy was noted: seven cases had received external
radiation. Considering the relatively high rate of a history of radiotherapy, it is uncertain
whether radiation therapy should be prioritized over systemic therapy to achieve local
disease control. Bleeding events usually occurred within a few months after the initiation
of MTKIs; accordingly, diagnostic imaging should be considered monthly for at least the
first several months after initiation, to check the anatomical relationship between the tumor
and vital organs. Besides this, patients taking antiplatelet drugs and anticoagulants who
develop thrombocytopenia due to the VEGFR-targeted TKIs might be at further increased
risk of bleeding, and those with a history of inflammatory bowel disease or diverticulitis
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should be monitored carefully for gastrointestinal bleeding. TKIs should be withheld in
patients who develop a grade 3 hemorrhage until resolution to grade 0 or 1 [53,54]; once
resolved, lenvatinib can be resumed at a reduced dose or discontinued, depending on the
severity of the hemorrhagic event. Lenvatinib should be discontinued in patients who
experience a grade 4 hemorrhagic event [53,54].

4.4. Fistula Formation and Gastrointestinal Perforation

Fistula formation is an uncommon but occasionally life-threatening antiangiogenic
TKI-associated AE [7,55,56]. As with hemorrhage, particular attention should be paid to the
radiotherapy prescribed to the lesion, prior to surgery, or cases where the tumor invades
crucial neck structures [56]. Thyroid cancer patients generally undergo such loco-regional
procedures before TKI therapy, thus increasing the risk of fistula. Delayed wound healing
due to the administration of antiangiogenic TKIs is plausible, and physicians sometimes
experience fistula formation together with a favorable clinical response to TKI [57]. In one
study, the trachea and esophagus were involved in 37% and 21% of patients with invasive
thyroid cancer, respectively [58], indicating that tracheoesophageal fistula (TEF) formation
can occur during antiangiogenic therapy. Known risk factors for TEF formation include
the characteristics of the tumor (e.g., extension into the mediastinum) and local treatment
history (e.g., external beam radiation) [55,56]. Another morbid condition is esophageal
perforation, which has a 40–60% mortality rate when treatment is delayed [59]. In the
SELECT trial, fistula formation occurred in 1.5% of patients receiving lenvatinib, with 0.8%
experiencing a grade 3 or worse event [3]. In the abovementioned post-marketing study,
in contrast, 11 patients presented with fistula formation, with the occurrence of a small
hemorrhage being predictive in 7 cases [52]. Again, particular attention is required when
prescribing VEGF-targeted TKIs after radiotherapy [19,56]. Furthermore, in a retrospective
analysis of 111 thyroid cancer cases (79 RR-DTC and 32 ATC) in a single institution in
Japan, 11 patients with ATC (34.4%) and 7 with DTC (8.9%) developed skin fistula. The
mortality rate among these patients was 38.9% (7/18), including three deaths caused by
major bleeding and four attributable to mediastinitis or pneumonia [60]. In the ZETA
study, 3 out of 219 patients treated with cabozantinib developed a treatment-related grade
5 fistula [5,6].

Anti-VEGF therapies also contribute to the development of GIP. VEGF inhibition is
considered to perturb platelet–endothelial cell interactions, which can lead to a loss of
vascular integrity and submucosal inflammation [61,62]. In some cases, GIP might be
associated with the exacerbation of preexisting ulcers or diverticulitis, tumor shrinkage
as a result of treatment, or a recent history of sigmoidoscopy or colonoscopy [9,62,63].
Thus, systematic gastrointestinal screening for lesions that have the potential to become
risks should be advised before the initiation of treatment, especially in patients with iron
deficiency anemia of unknown origin [63]. In addition to these, pathologically proven
intestinal metastasis-related GIP has been reported in lenvatinib-treated patients, namely,
anaplastic thyroid cancer and hepatocellular carcinoma [64].

The management of fistula, especially when it involves the gastrointestinal tract, and
GIP includes fasting and bowel rest with total parenteral nutrition, broad-spectrum antibi-
otics, and surgical procedures (e.g., resection of the affected bowel) if required [50,65,66]. It
is important to note that surgical intervention in patients treated with antiangiogenic ther-
apies can be complicated by impaired wound healing [50]. VEGFR-targeted TKI-treated
patients who develop fistulas or GIP should discontinue therapy [53].

4.5. Wound Healing

Antiangiogenic TKIs are associated with wound-healing complications, including
the reopening of previously healed wounds [9,50,67–73]. As angiogenesis is required to
maintain vascular integrity, epithelialization, and wound strength, the inhibition of this
process can delay or impair wound repair, particularly after surgery [9,50,61,67,74]. In
addition to that, the strong fibroblast growth factor (FGF) inhibition that is particularly
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obtained by lenvatinib in this field might also contribute to the adverse event [75]. Thus,
these therapies typically require the temporary discontinuation of the drug before ma-
jor surgery [67]. Although there are no prospective data, antiangiogenic TKIs should be
withheld for 3–5 times the half-life of the drug involved (e.g., the half-life of lenvatinib
and sorafenib is 35.4 h and 28.1 h, respectively), or ideally for one week prior to major
surgery, and all should be withheld until the wounds are at least reasonably healed [54].
For example, post-marketing surveillance revealed the incidence of pneumothorax during
lenvatinib therapy, especially in patients with lung metastasis. On the other hand, a retro-
spective study of surgical interventions in thyroid cancer patients undergoing lenvatinib
treatment reported no primary wound complications, and only a single case of delayed
healing secondary to the placement of a thoracic drain for acute pneumothorax (57.1%
were performed without the withdrawal of lenvatinib before the procedure, and 50%
reintroduced lenvatinib just after the procedure) [76]. Given the potential for precipitous
disease progression (flare) after the interruption/discontinuation of TKIs, probably due to
the rapid regeneration of tumor vessels, further understanding of the appropriate duration
of drug withholding is essential to minimize the risk safely [77,78].

4.6. Cardiovascular Toxicities

In addition to hypertension, as described above, it has now been clearly demonstrated
that anti-VEGF agents exhibit various cardiotoxic manifestations, including cardiac dys-
function, arterial and venous thrombosis, and QTc prolongation [79,80], and that these
are some of the most challenging events for patients. Therefore, a baseline assessment to
identify risks, to guide clinicians toward safer management, should be considered before
treatment. Once the risk factors (e.g., uncontrolled hypertension, electrolyte imbalances)
and other related complications are recognized, they should be treated and/or corrected
prior to therapy and closely monitored during antitumor therapy [81]. To this end, a
multidisciplinary team that includes both oncologists and cardiologists (cardio-oncology)
would play a vital role, as needed.

The inhibition of VEGF or PDGF may cause cardiomyocyte cell death and prevent car-
diac remodeling, resulting in cardiac dysfunction (congestive heart failure) [82,83]. Across
clinical trials in 799 patients with DTC, renal cell carcinoma (RCC), and hepatocellular carci-
noma (HCC), cardiac dysfunction of grade 3 or higher occurred in 3% of lenvatinib-treated
patients [84]. In the EXAM study, which evaluated cabozantinib for medullary thyroid
cancer (MTC), one treatment-related grade 5 cardiopulmonary failure was observed out of
219 cabozantinib-treated patients [7,8]. Management of heart failure should include the
careful monitoring and administration of routine heart failure therapies [9,53]. In addition
to the baseline, patients undergoing VEGFR inhibitor therapy should undergo an echocar-
diogram after the first month of therapy and then every three months thereafter [85]. The
appropriate management of hypertension within the normal range, using beta-blockers
and ACEi/ARB and diuretics for patients with fluid overload/edema, could reduce cardiac
load [9,53,86,87]. Lenvatinib should be withheld for grade 3 cardiac dysfunction until
resolution to grade 0 or 1. Upon resolution, lenvatinib can be resumed at a lower dose or
discontinued, depending on disease severity. If lenvatinib is resumed, BP should be moni-
tored daily and maintained within the normal range. Lenvatinib should be discontinued in
grade 4 cardiac dysfunction [53].

Vascular endothelial death by the inhibition of VEGF can result in the exposure of
procoagulant phospholipids on the luminal plasma membrane and underlying extracel-
lular matrix, as well as a tendency to thrombosis [88]. Inhibition may also lead to the
overproduction of erythropoietin in the liver, which increases hematocrit and blood vis-
cosity [89,90]. In fact, an increased incidence of high-grade arterial thrombotic events has
been reported (Peto odds ratio, 4.72, 95% CI: 1.18–18.95; p = 0.029), including myocardial
infarction and cerebrovascular events, in 1781 patients with advanced thyroid cancer who
were undergoing TKI therapy [91]. In addition to arterial thrombosis, venous thrombosis,
including pulmonary embolisms, was reported in trials evaluating cabozantinib [7] and
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lenvatinib [3]. Once these events are detected, the basic approach should be antiplatelet
therapy for arterial thrombosis or anticoagulation for venous thrombosis, together with the
cessation of MTKI [53,87]. TKIs can be maintained during anti-VEGF therapy if the clinical
treatment benefits outweigh the risks of complications.

QTc reflects the total duration of ventricular activation and recovery [92], and QTc
prolongation is a substantial adverse effect and a high-risk factor for sudden death. Given
that torsades de pointes (TdP) rarely occurs when the QTc is <500 ms [86], QTc prolonga-
tion >500 ms (and deltaQT (change from baseline) of > 60 ms) is considered a particular
concern. The downregulation of phosphatidylinositol-3 kinase (PI3K), signaling directly
or indirectly via tyrosine kinase inhibition, prolongs the QT interval by affecting multi-
ple ion channels [93]. Although lenvatinib exerts no clinically meaningful effect on the
QTc interval in healthy volunteers [94], the overall grade and grade ≥3 QTc prolongation
caused by lenvatinib administration in thyroid cancer was noted in 8% and 1.5% of pa-
tients, respectively [3]. Overall, 14% of thyroid cancer patients treated with vandetanib
had some QTc prolongation, and a severe lengthening of the QTc interval occurred in 8%
of patients [5,6]. Interestingly, no significant difference in relative risk according to the
duration of treatment was seen in trials with short (relative risk (RR) 11.3, 95% CI: 4.4–29.0)
vs. long duration (RR.8.21, 95% CI: 3.51–19.2) [95]. Vandetanib should not be given to
patients with congenital long QTc syndrome or a history of TdP unless all risk factors
that contribute to the TdP are corrected. The echocardiogram (ECG), serum potassium,
calcium and magnesium levels, and thyroid-stimulating hormone (TSH) levels should be
evaluated, monitored and corrected as necessary before and throughout MTKI therapy,
the latter because an increase in QTc is directly related to TSH level—as in overt hypothy-
roidism and hypothyroidism—and also causes hypocalcemia [54,96]. The ECG, serum
potassium, calcium, and magnesium levels, and TSH level should also be measured at 1,
3, 6, and 12 weeks after initiation or dose changes, for example, and every three months
thereafter for at least a year [54,96,97]. Moreover, it is necessary to avoid the concurrent
use of possible inhibitors of cytochrome P450 3A4 (CYP3A4), which may increase the
plasma concentration of many of the antiangiogenic TKIs. Diuretic use implies the risk of
electrolyte depletion and consequent QT prolongation; therefore, it should not be used as
first-line therapy for hypertension because of potential dehydration due to concomitant
diarrhea, nausea, or vomiting [35]. A general recommendation from both the US Food
and Drug Administration and European Medicines Agency is to temporarily interrupt
treatment in the case of QTc prolongation above 500 ms (or if QTc prolongation is >60 ms
above the baseline). In such cases, electrolyte abnormalities should be corrected and cardiac
risk factors for QT prolongation should be controlled [35]. Treatment can then be resumed
at a reduced dose once the QTc normalizes (<480 ms) [35]. Higher doses of vandetanib
were associated with increased risk (RR 10.60 against 4.83 for lower doses) [95].

4.7. Hematological Toxicity (Thrombocytopenia)

VEGF receptors are expressed and play different roles in the commitment, differen-
tiation, proliferation, survival, and polyploidization of hematopoietic stem cells (HSCs)/
megakaryocytes (MKs). They do this via autocrine, paracrine, and/or even intracrine
loops [98]. MTKIs inhibit the VEGF and PDGF pathways on hematopoietic stem cells,
leading to cytopenia, especially when it occurs together with thrombocytopenia [99–101].
A meta-analysis of 3221 patients treated with sorafenib revealed incidences of sorafenib-
associated all-grade and high-grade thrombocytopenia of 25.3% and 4.0%, respectively [102].
At the same time, grade ≥3 thrombocytopenia was observed in 25.4% of the patients in a
meta-analysis of lenvatinib trials [103].

Thrombocytopenia increases the risk of bleeding, particularly in patients with grade
4 thrombocytopenia and/or the concurrent use of antiplatelets and anticoagulants. Ac-
cordingly, complete blood counts should be carefully and routinely monitored throughout
treatment [9,103]. When grade 3 or 4 thrombocytopenia occurs, MTKI administration
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should be interrupted, then resumed upon the recovery of platelet numbers at a reduced
dose. Generally, thrombocytopenia improves rapidly after drug interruption [46].

4.8. Diarrhea

The mechanism of small molecule-TKI–induced diarrhea remains under investigation.
Given that VEGFR and epidermal growth factor receptor (EGFR) are both highly expressed
in the gut and that diarrhea is more frequent with the more common multi-kinase inhibitors
targeting both VEGF and EGFR, such as vandetanib or sorafenib, compared with pure
VEGFR inhibitors, the inhibition of both pathways might contribute to lowered cell prolif-
eration and reduced capillary networks in the intestinal villi, resulting in diarrhea [104,105].
Interestingly, the occurrence of MTKI-induced diarrhea relates to treatment success. Among
the associations with OS in the multivariate model of the SELECT trial, the occurrence of
diarrhea was identified as an independent predictive factor for a favorable OS (HR 0.55,
95% CI: 0.33–0.92; p = 0.023), along with a baseline Eastern Cooperative Oncology Group
performance status scale (ECOG PS) and histology [11]. The median time to the first onset
of lenvatinib-induced diarrhea was 12.1 weeks [11]. Although diarrhea is generally mild
(grade 1 or 2) and manageable with antidiarrheal agents, including loperamide, proper
management is needed to avoid undesirable secondary events, such as electrolyte deple-
tion and related QT prolongation, and renal impairment due to dehydration, especially in
patients taking diuretics as well [104]. Treatment should be interrupted for grade 3 or 4
diarrhea, and subsequent dose reductions may be necessary when treatment is resumed.
In addition to these side effects, pancreatic atrophy has also been reported in patients
receiving long-term sorafenib, and physicians should consider this possibility in patients
treated with sorafenib who develop refractory diarrhea [106].

4.9. Fatigue

Fatigue during anti-VEGF is likely to be multifactorial and is difficult to distinguish
from cancer-related symptoms. Contributing treatment-related factors may include ane-
mia, dehydration, electrolyte imbalance that is secondary to diarrhea and gastrointestinal
toxicity, cardiac dysfunction as described above, and thyroid dysfunction. The inhibition
of VEGFR might lead to a subsequent increase in TSH level due to any one of several
mechanisms, including destructive thyroiditis [107]. In another study, 59% of patients
treated with lenvatinib in the SELECT trial experienced fatigue, with 9.2% at grade ≥3,
while TSH levels above 0.5 mU/L were observed in 57%, compared to 14% of patients on
placebo [3,53]. The median time to the first onset of lenvatinib-induced fatigue was three
weeks [11]. Treatment interruption and dose modification should be addressed if a patient
complains of moderate to severe fatigue even after the correction of treatable factors.

4.10. Acute Cholecystitis

Acute cholecystitis has been reported as an adverse event associated with anti-VEGFR
TKIs across tumor types [108–113], but its mechanism remains unclear. One candidate is
microvascular ischemia and imbalance in stress adaptation, via the inhibition of VEGF
signaling in cholangiocytes expressing VEGFRs. In the SELECT study, only one case
(0.2%) of grade 3 acute cholecystitis was reported [3]; however, at least 11 cases of acute
cholecystitis have been reported among thyroid cancer patients treated with lenvatinib
in Japan since the drug was approved. Upon investigation, the Pharmaceuticals and
Medical Devices Agency (PMDA) concluded that this adverse event should be added
to the clinically significant adverse reactions section [114]. Nervo et al. also reported
five patients (14.7%) treated with lenvatinib for progressive RR-DTC, excluding those who
underwent cholecystectomy before the start of therapy, and who developed symptomatic,
radiologically confirmed biliary disease after a median time of 4.4 months of lenvatinib
treatment and thus underwent cholecystectomy [115]. Physicians should be aware of this
adverse effect, primarily when patients complain of upper abdominal pain and particularly
in those with a history of gallbladder stones or other biliary tract problems [57].
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5. Other Factors for Appropriate Management of Anti-VEGFR TKIs Therapy
5.1. Patient Education and Institution Infrastructure

In addition to adequate supportive care and proper treatment interruption, dose
modification, and discontinuation for each toxicity as described above, patient education
concerning the risks and benefits of TKI treatment is essential for the early recognition of
adverse events (e.g., self-monitoring BP to detect early changes that might be missed during
sporadic clinic visits) and their optimal early-phase management by medical providers. At
the same time, the hospital/institute must accept calls from patients 24 h a day, every day.

5.2. Alternative Schedules and Initial Dose of the Drug

A post hoc analysis of data from the SELECT trial showed that the prolonged interrup-
tion of lenvatinib (>10% of the total treatment duration) could impair efficacy compared
with minimal treatment interruptions (<10%), albeit that this interrupted regimen was
still more effective than the placebo [116]. On the other hand, our cohort studies of RR-
DTC patients treated with lenvatinib demonstrated that progression-free survival, time
to treatment failure, and overall survival were significantly longer in patients who used
planned drug holidays, namely, dose interruptions in accordance with the timing of severe
or intolerable adverse events, than in those who did not [117,118]. Although a prospective
assessment is needed, this strategy could avoid treatment withdrawal, dose modifica-
tion, and—most importantly—definitive discontinuation that eventually leads to tumor
regrowth. With respect to the initial dose, it is recommended that patients with severe
hepatic impairment start lenvatinib at 14 mg once daily instead of at 24 mg once daily [119].
Nevertheless, there is no evidence showing maintained efficacy and reduced toxicity in
RR-DTC patients treated with VEGFR-targeted TKI that is started at a reduced dose. A
randomized phase II clinical trial which investigated if a lower starting dose of lenvatinib
of 18 mg yielded comparable efficacy to 24 mg in patients with RR-DTC did not demon-
strate the noninferiority of 18 mg vs. 24 mg based on the overall response rate as of week
24 (40.3% vs. 57.3%) [120].

5.3. Consideration of Other Systemic Drugs Not Targeting VEGF or with a Different
Toxicity Profile

When patients have experienced or are at high risk of severe side-effects with VEGF-
targeting effect, it is reasonable to switch from anti-VEGFR TKIs to other systemic therapies
that either do not directly target VEGF or have a different toxicity profile. For example,
BRAF-, RET- and neurotrophic receptor kinase (NTRK)-directed therapy may be preferred
options for patients harboring a BRAF mutation, or with RET- and NTRK-altered disease
with a high risk of bleeding [121–126]. In addition, even when prescribing anti-VEGFR
TKIs, physicians can select drugs with equivalent efficacy but different toxicity profiles
in accordance with the patient’s condition. Although bleeding and thrombosis are more
common with cabozantinib, for example, this drug might be preferred over vandetanib,
especially in view of the increased frequency of long-QT interactions with the latter.

6. Conclusions

The toxicity profile of anti-VEGFR TKIs in the treatment of advanced thyroid cancer
is well understood, and evidence for their management is accumulating. To provide the
best anti-tumor efficacy and more prolonged survival while maintaining individual QOL,
the physician should be closely aware of toxicities, undertake appropriate procedures,
and decide on treatment interruption, dose modification, and discontinuation as needed.
In a broad sense, proper selection among treatment candidates and the consideration
of alternative treatment options in place of VEGF-targeted therapy for patients at high
risk of intolerable anti-VEGF-related toxicities are manifestations of good management.
Furthermore, comprehensive patient education is essential for early detection and the start
of optimal care.
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