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Abstract: Lenvatinib is a small oral molecule able to inhibit three of the extracellular and 

intracellular molecules involved in the modulation of angiogenesis and lymphangiogenesis: 

vascular endothelial growth factor receptor 1–3, fibroblast growth factor receptor 1–4, and 

platelet-derived growth factor receptor alpha. Since it is also able to inhibit the REarranged 

during Transfection oncogene and the protooncogene c-KIT, this drug can also be used to 

control tumor cell proliferation. The maximum tolerated dose, as demonstrated in Phase I 

studies, is 25 mg daily. The drug is rapidly absorbed with maximum concentrations achieved 

within 3 and 5 hours after administration in fasting and nonfasting treated patients, respectively. 

The most common adverse events, reported in Phase I study and confirmed in the subsequent 

Phase II and III studies, are hypertension, proteinuria, and gastrointestinal symptoms such as 

nausea, diarrhea, and stomatitis. In Phase I studies, efficacy of lenvatinib in solid tumors was 

demonstrated, and these encouraging results have led to the development of a Phase II study 

using lenvatinib in advance radioiodine-refractory differentiated thyroid cancer (DTCs) patients. 

Since an overall response rate of 50% was reported, this study also confirmed the efficacy of 

lenvatinib in DTCs patients with an acceptable toxicity profile. Recently, a Phase III study 

in patients with DTCs (SELECT study) demonstrated the lenvatinib efficacy in prolonging 

progression-free survival with respect to the placebo (18.3 vs 3.6 months; P,0.001). Although 

there was no statistically significant difference in the overall survival of the entire group, this 

result was observed when the analysis was restricted to both the follicular histotype and the 

group of senior patients (.65 years). The study confirmed that the most common side effects 

of this drug are hypertension, diarrhea, decreased appetite, weight loss, nausea, and proteinuria. 

In this review, we report the results of the main studies on lenvatinib efficacy in patients with 

advanced and progressive thyroid cancer, mainly in DTCs but also in medullary and anaplastic 

thyroid cancer. We also compared the efficacy of lenvatinib with that of other tyrosine kinase 

inhibitors, mainly sorafenib, already tested in the same type of patient population.
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Introduction
Thyroid cancer (TCs) is a rare human malignancy, but it is the most common endo-

crine neoplasia and the cancer with the greatest increasing rate of incidence. In 2015, 

it was estimated that there were 62,450 new cases of TCs and an estimate of 1,950 

deaths from this disease.1

According to the degree of cell differentiation and their ability to maintain the 

typical features of follicular cells, TCs are distinguished into well-differentiated 

(DTCs), poorly differentiated, and anaplastic (ATC), which represent 85%, 5%, and 
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3% of the entire series of TCs, respectively. The remaining 

small percentage is represented by medullary thyroid cancer 

(MTC), which originates from neural crest C cells (5%) 

and other rare histotypes such as lymphoma, sarcoma, and 

squamous cell carcinoma (2%).

DTCs are further distinguished into papillary (PTC) and 

follicular (FTC) carcinomas. In both cases, despite the malig-

nant transformation, the tumoral cells maintain the typical fea-

tures of “normal” thyroid cells, such as the thyroid-stimulating 

hormone (TSH) growth dependence and the ability to synthe-

size and secrete thyroglobulin and to take up iodine. These 

features represent the rationale for the management and 

treatment of DTCs patients who are treated first by surgery 

(total or near-total thyroidectomy) with or without cervical 

lymphadenectomy, and when required, with radioiodine 

(131-I) both for the postsurgical thyroid remnant ablation 

and metastatic lesions.2 The TSH suppression through mildly 

elevated dosages of levotyroxine (L-T4) is part of the treat-

ment in DTCs, especially during the first years after surgery 

and until evidence of clinical remission.3 Less evidence of 

TSH suppression efficacy is available in dedifferentiated 

TCs since they lose the expression of thyroid-specific genes, 

including that of the TSH receptor.4

Different from ATC and DTCs that are almost invariably 

lethal, the survival of DTCs patients is 96.4% at 35 years.5 

However, during the long-term follow-up, about 20% of 

DTCs patients show a local recurrence (thyroid bed or cer-

vical lymph nodes) and/or distant metastasis (mainly lung 

and/or bone).6 Also in these cases, the prognosis of DTCs 

patients can be favorable if the metastatic lesions are still 

131-I avid, but when 131-I refractoriness has developed, the 

10-years overall survival rate drops to ,10%.7

To define a DTCs as a radioactive iodine refractory 

(RAI-R) tumor, it should fulfill at least one of the following 

criteria: 1) the malignant/metastatic tissue is unable to take 

up iodine and the post-131-I whole body scan is negative; 

2) the malignant/metastatic tissue, previously able to take up 

131-I, loses this ability over time; 3) 131-I up-take is present 

only in some lesions but not in others; and 4) the disease 

progresses despite its ability to take up 131-I.8 In this sub-

group of advanced and RAI-R DTCs patients, other treatment 

options apart from 131-I administration should be considered 

as indicated in the current guidelines.8

Whenever possible, a local treatment is indicated such 

as surgery, external beam radiation, and percutaneous 

ultrasound-guided treatments including radiofrequency or 

laser or ethanol ablation. These treatments should be consid-

ered any time the disease is represented by a well-localized 

and small-volume metastatic lesion.9–12

So far, no systemic therapies have been demonstrated 

to be effective for the disease control in DTCs patients 

with metastatic, rapidly progressive, symptomatic, and/or 

imminently threatening disease. Although the evidence is of 

very limited results, to date doxorubicin remains the single 

most effective and approved cytotoxic chemotherapy for the 

treatment of these patients with a recommended dosage of 

60–75 mg/m2 every 3–4 weeks.

In 2008, motesanib diphosphate, a tyrosine kinase inhibi-

tor (TKI), showed the ability to induce partial response (PR) 

in patients with progressive advanced or metastatic RAI-R 

DTCs.13 After this first experience, several other studies with 

other TKIs have been conducted.

The antitumoral activity of TKIs is related to their abil-

ity to block tyrosine-kinase receptors (TKRs) by competing 

with ATP at its binding site. As shown in Figure 1, TKRs 

are trans-cell-membrane receptors that, when activated by 

their ligands, are able to transduct extracellular signals to 

the cytoplasm through mitogen-activated protein kinase 

and phosphatidylinositol-3 kinase/Akt/mammalian target of 

rapamycin pathways. A somatic or germline mutation located 

in the DNA coding for one of these TKRs or in one of the cen-

tral mediators of these pathways can determine a constitutive 

activation of the intracellular signaling and cause an uncon-

trolled cell proliferation, cell dedifferentiation, and reduction 

of apoptosis. Almost 40%–50% of DTCs harbors a point 

mutation of RAF (in particular, B-RAF), while 20%–25% 

is characterized by the presence of a REarranged during 

Transfection (RET) rearrangement (RET/PTC1–3); a smaller 

but not negligible percentage of DTCs, mainly FTC, has 

an RAS point mutation or PAX8/PPARγ rearrangement.14–17 

Moreover, DTCs, as well as many other human tumors, has 

mutations or overexpression of some receptors such as vas-

cular endothelial growth factor receptor 1–3 (VEGF-R 1–3), 

fibroblast growth factor receptor 1–4 (FGF-R 1–4), and 

platelets-derived growth factor receptor alpha (PDGF-R α). 

The TKI can exert a block of these receptors, thus limiting 

angiogenesis and lymphangiogenesis.18,19

At present, two different TKIs, lenvatinib (Lenvima®; Eisai 

Co Ltd, Tokyo, Japan) and sorafenib (Nexavar®; Bayer Health 

Pharmaceutical, Leverkusen, Germany), recently approved 

by both US Food and Drug Administration and European 

Medicine Agency, can be used for the treatment of RAI-R 

DTCs. In addition, another TKI, vandetanib, is under Phase III 

investigation in patients with RAI-R and progressive DTCs.

In this review, the main studies on lenvatinib efficacy in 

patients with TCs are reported, and the possible advantages 

of this drug with respect to other TKIs, mainly sorafenib, 

are also discussed.
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Lenvatinib
Drug chemistry and activity
Lenvatinib (E7080; 4-[3-chloro-4-(N′-cyclopropylureido) 

phenoxy] 7-methoxyquinoline-6-carboxamide mesylate) 

is an oral drug blocking several TKRs and was developed 

by Eisai Co, Ltd. It is able to inhibit VEGF-R 1–3, FGF-R 

1–4, and PDGF-R α, thus interfering with angiogenesis and 

lymphangiogenesis. In parallel, lenvatinib is able to control 

the tumor cell proliferation through its ability to inhibit RET 

oncogene and the oncogene c-KIT.20–22 The most important 

difference between this drug and other TKIs is the ability of 

lenvatinib to also inhibit FGF-R1, representing an effective 

drug in those cases in which a resistance to VEGF/VEGF-R 

inhibitors is developed.

TKRs inhibited by lenvatinib
Lenvatinib is a multikinase inhibitor, and to better under-

stand its cytostatic activity it is important to better know the 

physiological activities of the TKRs blocked by the drug. The 

following is a list and a description of the most important 

TKRs against which lenvatinib is very active:

1) VEGF-R: It is expressed on the cell membrane of endothe-

lial cells in response to hypoxia, oncogenes, or cytokines. 

VEGF-R regulates normal and abnormal blood vessel 

growth; in particular, it regulates both vascular prolif-

eration and permeability and works as an antiapoptotic 

factor for newly formed blood vessels. VEGF-R expres-

sion correlates with poor prognosis in several types of 

human malignancies. Moreover, VEGF-Rs are related to 

c-KIT and PDGF-R, which are important in the tumoral 

development.

2) PDGF-R: The function of VEGF-R in vessel formation 

is complemented by PDGF-R since its signaling also 

indirectly regulates angiogenesis. Similar to FGF-R, 

PDGF-R α signaling has been demonstrated to be neces-

sary for cellular migration.23

3) FGF-R: This comprises a family of heparin-binding 

proteins that currently includes 23 members that signal 

through four high-affinity TKRs.24 Combinations of FGF, 

FGF-R isoforms, and adaptor proteins lead to signaling 

networks that play fundamental roles in development, 

organogenesis, cell differentiation, angiogenesis, and 

tumor progression.24,25

4) RET/PTC: RET is a protooncogene that encodes a TKR 

involved in cell survival. When a translocation of its 

C-terminus with various N-terminus genes and their 

promoters occurs in PTC, different chimeric oncogenes 

are formed.26,27 RET/PTC1 and RET/PTC3 represent 

Figure 1 MAPK and Pi3K-AKT-mTOR signaling cascades involved in the development and progression of thyroid cancer after TKi receptor(s) activation.
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more than 90% of all rearrangements, with RET/PTC1 

being detected in approximately two-thirds, RET/PTC3 

in approximately one-third,28 and RET/PTC2 in less 

than 5% of all RET/PTC rearrangements. RET/PTC 

rearrangements have been shown to signal through 

RAS, B-RAF, and Akt.29,30 These genetic alterations are 

particularly associated with PTC in both patients previ-

ously exposed to ionizing radiation and in young adults 

and children with DTCs.31–34

5) c-KIT: The proto-oncogene c-KIT is a Type III receptor 

tyrosine kinase, cellular homologue of the viral oncogene 

of the feline sarcoma retrovirus HZ4-FeSV. Multiple 

miRNAs, predicted to target c-KIT, have been reported 

to be upregulated in PTC,35 indicating that the c-KIT 

receptor may be involved in the growth control of thyroid 

epithelium and that this function may be lost in malignant 

transformation.

Clinical trials on efficacy of 
lenvatinib
Lenvatinib has been tested in several clinical trials that have 

been conducted both in solid tumors and more specifically 

on TCs. A detailed description of the most significant studies 

and their results are reported.

Phase i studies
To identify the maximum tolerated dose (MTD) and pharma-

cokinetic profile of lenvatinib (Table 1), a nonrandomized, 

open-label, Phase I, dose-escalation study was conducted 

by Boss et al.36 The study was also performed to gather 

preliminary data about the antitumor efficacy of the drug. 

For this purpose, 82 patients with advanced refractory solid 

tumors were enrolled: 42 patients had carcinoma (colorectal: 

12; renal: eight; gastric: six; pancreatic: four; ovarian: three; 

esophageal: three; endometrial: two; duodenal: one; breast: 

one; non-small-cell lung: and one; nasopharyngeal: one), 

18/82 had sarcoma, 15/82 had melanoma, 4/82 had meso-

thelioma, and 3/82 had other types of tumors. Patients 

received lenvatinib orally at different doses, from 0.2 to 

32 mg, with subsequent expansion of the MTD dose cohort 

(25 mg). Seventy-one patients received the study drug on 

an empty stomach, and eleven patients on a full stomach. 

Pharmacokinetics assessment revealed that, in the fasted 

group, lenvatinib was rapidly absorbed with maximum 

concentrations achieved within 3 hours after administra-

tion with dose linear kinetics, while, in the group receiving 

the drug on a full stomach, the peak plasma concentration 

was achieved in 5 hours (median values: 2.0 vs 5.0 hours, 

respectively; P=0.015).

The most frequent adverse events (AEs) related to lenva-

tinib were hypertension (40%), proteinuria (26%), and gastro-

intestinal symptoms, such as nausea (37%), diarrhea (34%), 

and stomatitis (32%). Most of these toxicities were Grade 1 

or 2. Dose modifications were required in 40 patients (49%), 

with proteinuria and hypertension being the most common 

reasons for dose modifications (17% and 11%, respectively). 

Although most of the AEs occurred in patients treated with 

a lenvatinib daily dose $12 mg, the authors concluded that 

this drug was well tolerated when administered to patients 

at doses up to 25 mg/d.

Moreover, in this study, the authors also reported PR 

in patients diagnosed with renal cell carcinoma and mela-

noma with a progression-free survival (PFS) of 477 and 

217 days, respectively.

MTD, dose-limiting toxicity, pharmacokinetics, phar-

macodynamics, and efficacy of lenvatinib in patients with 

advanced solid tumors (nine colon cancer, seven sarcoma, 

five non-small-cell lung cancer, and six tumors arising from 

other sites) were also investigated by Yamada et al.37 In this 

study, lenvatinib dose-escalation was performed and the drug 

was administered orally twice daily (13 mg twice a day) in 

a 2-week-on/1-week-off cycle.

Table 1 Summary of Phase i studies of lenvatinib

Phase References Type of 
tumor

Adverse events Best response MTD

1 Boss el al,36 
2012

Solid tumors Hypertension, proteinuria, nausea, diarrhea, stomatitis Renal cell carcinoma, 
melanoma

25 mg daily

1 Yamada  
et al,37 
2011

Solid tumors Hematuria fatigue, hypertension, increase in aspartate 
transaminase, headache, proteinuria, increase in alanine 
transaminase, diarrhea, lactate dehydrogenase increased

Colon cancer 13 mg twice a day

1 Hong et al,38 
2010

Solid tumors Hypertension, proteinuria, fatigue, anorexia, decreased 
weight, diarrhea, dysphonia

Melanoma, endometrial, renal, 
thyroid, islet cell cancers

10 mg twice a day

Abbreviation: MTD, maximum tolerated dose.
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In this study, the most frequently reported treatment-

related AEs were hematuria (74.1%), fatigue (70.4%), hyper-

tension (66.7%), increased levels of aspartate transaminase 

(63.0%), headache (63.0%), proteinuria (63.0%), increased 

levels of alanine transaminase (55.5%), diarrhea (55.5%), and 

increased levels of lactate dehydrogenase (44.0%). Five out 

of 27 patients experienced six serious AEs related or possibly 

related to study medication, which included hypertension 

(0.5 and 6 mg twice a day), hemorrhage (6 mg twice a day), 

pneumonia with worsening dyspnea (9 mg twice a day), 

and decrease in platelet count (9 mg twice a day). A PR was 

documented in one patient with colon cancer at cycle 4 of 

lenvatinib 2 mg twice a day, while stable disease (SD) was 

recorded as best overall response in 21 patients (84% of the 

evaluable patients).

Another Phase I dose-escalation study of lenvatinib38 

conducted on 77 patients with solid tumors showed that the 

MTD was 10 mg twice a day, administered continuously. 

In this study, 43 patients were evaluable for response: 21% 

of patients achieved a PR and 56% patients had a clinical 

benefit in terms of PR + SD $6 months.

Phase ii study
The encouraging results of Phase I studies have led to the 

development of lenvatinib Phase II study in advance RAI-R 

DTCs (papillary, follicular, or Hürthle cells) patients.39 

Fifty-eight patients with a disease progression demonstrated 

by response evaluation criteria in solid tumors (RECIST) 

during the prior 12 months, including patients who had 

received prior TKI therapy (n=17), were enrolled. The 

primary end point was objective response rate (ORR) by 

RECIST based on independent imaging review, while PFS 

and safety evaluation represented the secondary end points. 

The starting dose of the drug was 24 mg once a day in 28-day 

cycles and could be reduced if an unmanageable toxicity 

was observed. Serum circulating cytokines and angiogenic 

factors levels of 51 patients were also assessed 8 days after 

beginning lenvatinib.

After a minimum follow-up of 14 months, the ORR was 

50% with several PRs reported. The ORR of patients who 

had received previous TKI therapy was similar to those 

patients who had not received such therapy (59% and 46%, 

respectively). The median time to response was 3.6 months 

and the median response duration was 12.7 months. The 

median PFS was 12.6 months (95% confidence interval: 

9.9–16.1 months), and also in these cases, the result was 

similar in patients who received (PFS: 12.2 months) or did 

not receive (PFS: 12.6 months) prior TKI therapy.

Regarding the levels of circulating cytokines and angio-

genic factors in the serum, changes were observed in 16/51 

analyzed patients, including increases in levels of placental 

growth factor and vascular endothelial growth factor A 

(VEGF-A), and decreases in levels of angiopoietin-2 (A-2) 

and soluble vascular endothelial growth factor receptor-2 

(sVEGFR-2). Clinical outcomes correlated with levels 

of cytokine and angiogenic factors levels at baseline, in 

particular, low baseline levels of A-2 and interleukin-10, 

and high baseline levels of fms-related tyrosine kinase 3 

ligand (an endogenous small molecule that functions as a 

cytokine and growth factor that increases the number of 

immune cells) correlated with improved ORR in response to 

lenvatinib therapy (P=0.034, 0.032, and 0.041, respectively). 

In addition, longer PFS was identified in those patients with 

low baseline levels of A-2 (P=0.011) and high baseline levels 

of epidermal growth factor (P=0.033).

All patients experienced treatment-related AEs, which 

most frequently were hypertension (76%), weight decrease 

(69%), diarrhea (67%), proteinuria (64%), fatigue (60%), 

appetite loss (52%), and nausea (50%). Most hypertension and 

proteinuria events were Grade 1 or 2 and were managed with-

out dose adjustments or withdrawal of treatment. Six Grade 4 

AEs were reported in five patients including hypocalcemia, 

hyperkalemia, abasia, and acute myocardial infarction (one 

report each) and two pulmonary embolism cases. Treatment-

related AEs led to dose interruptions, reductions, or study drug 

withdrawal in 74%, 66%, and 26% of patients, respectively.

Phase iii study
A Phase III randomized, double-blind, placebo-controlled 

study of lenvatinib (the SELECT study) was developed to 

evaluate the PFS (by independent radiologic review) of sub-

jects with RAI-R DTCs.40 The study, which started in August 

2011 and completed in October 2012, was an international 

multicenter randomized study, involving 21 countries all over 

the world. Main inclusion criterion was disease progression 

within the prior 13 months and, as in the Phase II study, 

patients treated with prior TKI therapy were also eligible. 

Patients of both placebo and lenvatinib groups were strati-

fied according to age, sex, ethnic group, prior treatment or no 

prior treatment with a TKI, geographic region, histological 

findings, and baseline characteristics (ie, Eastern Coopera-

tive Oncology Group performance status, presence of lung, 

or bone metastasis). Two hundred and sixty-one patients 

were randomly assigned to receive lenvatinib (at a daily dose 

of 24 mg/d in 28-day cycles), while 131 patients received 

placebo. At disease progression, a crossover to open-label 
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lenvatinib was available for those patients in therapy with 

placebo. Dose interruptions and incremental reductions in 

the dose (to 20, 14, or 10 mg/d) due to AEs were permitted. 

The primary end point was PFS, while secondary end points 

included the ORR, OS, and safety. In addition, available archi-

val formalin-fixed, paraffin-embedded tissues were obtained 

and analyzed for BRAF and RAS mutation hotspots.

The median PFS was significantly longer in lenvatinib 

group than in placebo (18.3 vs 3.6 months; P,0.001), with 

a 6-month PFS rate of 77.5% in the lenvatinib group and 

25.4% in the placebo group. The same results of PFS were 

observed when a stratification of the group was considered, 

and in particular no significant difference of PFS was found 

between patients treated with prior TKI therapy and patients 

not treated (15.1 vs 18.7 months) nor according to the BRAF 

and RAS mutational status.

Regarding the secondary end points, lenvatinib group also 

had a significantly higher ORR compared to placebo group 

(64.8% vs 1.5%; P,0.001), with a median time to response of 

2.0 months. In particular, complete responses (CR) occurred 

in four patients (1.5%) in the lenvatinib group but in no 

patients in the placebo group; PR occurred in 63.2% and in 

1.5%, respectively; and SD (durable for 23 weeks or longer) 

occurred in 15.3% and 29.8% of patients, respectively. At the 

time of the primary analysis, the difference in OS between 

the groups was not significant, probably due to a potential 

bias introduced by the crossover phase. However, it has been 

recently demonstrated that a difference in OS was observed 

when the analysis was restricted to either the follicular his-

totype or the group of older patients (.65 years).41,42

The incidence of treatment-related AEs (of all grades) 

was higher in lenvatinib group than in placebo group (97.3% 

vs 59.5%). In particular, the incidence of treatment-related 

AEs of Grade 3 or higher was 75.9% in the lenvatinib group 

and 9.9% in the placebo group. The study confirmed that 

the most common side effects of this drug are hypertension, 

occurring in 68% of patients, diarrhea, decreased appetite, 

weight loss, nausea, and proteinuria with no unexpected 

toxicities on the basis of previous Phase I and II studies.

Six out of 20 deaths that occurred in lenvatinib group were 

considered, by investigators, to be related to study treatment, 

including one case of pulmonary embolism, one of hemor-

rhagic stroke, and one of general deterioration of physical 

health; three cases were reported as deaths or sudden deaths 

(not otherwise specified).

AEs that led to the discontinuation of treatment were 

reported in 14.2% of lenvatinib group and in 3.2% of placebo 

group. Among these AEs, the most common were hypertension 

and asthenia. Interruption or reduction due to AEs were more 

frequent in lenvatinib than in placebo group (82.4% vs 18.3% 

and 67.8% vs 4.6%, respectively), resulting in a mean lenvatinib 

dose of 17.2 mg/d. The most common side effects that required a 

dose adjustment were diarrhea (22.6%), hypertension (19.9%), 

proteinuria (18.8%), and decreased appetite (18.0%).

On the basis of the results of SELECT study, it appears 

that the majority of AEs due to lenvatinib can be successfully 

managed by either precociously treating patients, as for hyper-

tension, or by reducing the daily dose to a level that maintains 

the cytostatic activity avoiding AEs, as for fatigue.

Lenvatinib in MTC and ATC
Efficacy of lenvatinib was also demonstrated for other histo-

types of TCs. In particular, Schlumberger et al43 presented the 

results of a Phase II study of lenvatinib in advanced unresect-

able MTC. As with the DTCs study, patients were eligible if 

progressive disease was confirmed by RECIST in the prior 

12 months. A prior VEGFR-targeted therapy was permitted, 

and during the study, tumor genetic analysis and circulating 

cytokine and angiogenic factor analysis were performed. 

As for the Phase II study in DTCs, the primary end point was 

ORR by RECIST. Fifty-nine patients were enrolled and were 

treated with a starting dose of lenvatinib 24 mg once daily 

in 28-day cycles until disease progression or development 

of unmanageable toxicities. PR was observed in 21 patients 

(response rate: 36%) based on independent imaging review 

and in 29 patients (response rate: 49%) based on investigator 

assessment. The authors found ORR almost similar in the 

group who received prior VEGFR-directed treatment (n=26) 

and in the group with no prior VEGFR-directed treatment 

(35% vs 36%, respectively). At the time of study presentation, 

median PFS was 9.0 months (based on minimum 8 months 

of follow-up). Regarding the tumor genetic analysis, there 

was no clear difference in the response between RET-mutant 

and RET-wild-type patients.

Recently, lenvatinib antiangiogenesis activity has been 

also demonstrated in five ATC nude mice in a preclinical 

study conducted by Tohyama et al.44 An international Phase 

II study of lenvatinib in ATC will likely start in a few months 

and, hopefully, will answer the question of whether lenvatinib 

can be successfully used also in ATC.

Other TKIs in DTCs
In the last decades, since the knowledge about the mechanism 

of tumors development and spread have been enriched, sev-

eral oral molecules have been studied as potential targeted 

therapies for TCs. As listed in Table 2, the majority of TKIs 
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were tested in different histotypes of TCs. At the moment, 

in addition to lenvatinib, Phase III studies on DTCs patients 

are designed only for sorafenib and vandetanib (the latter 

still ongoing).

Sorafenib (BAY 43-9006, Nexavar)
This is an oral small molecule that is able to inhibit C-RAF, 

B-RAF, RET, c-KIT, PDGF-R, and VEGF-R 1–3. A mul-

ticenter, randomized, double-blind, placebo-controlled, 

Phase III trial (DECISION study) has led to the approval 

of sorafenib for the treatment of well-differentiated RAI-R 

metastatic DTCs.45 The DECISION study was conducted on 

the basis of several Phase II studies, which had shown pro-

mising response rates and median PFS in patients with RAI-R 

DTCs. The main inclusion criterion of DECISION study was 

progressive disease according to RECIST within the prior 

14 months, and no patients who had prior TKI therapy were 

admitted. To assess PFS (primary end point), 416 patients 

(207 in the sorafenib group and 209 in the placebo group) 

were enrolled.

The median PFS was significantly longer in sorafenib 

group than in placebo group (10.8 vs 5.8 months; P,0.0001). 

AEs, most of which were Grade 1 or 2, occurred in 98.6% 

of patients receiving sorafenib and in 87.6% of patients 

receiving placebo. The most frequent AEs related to this drug 

were hand and foot skin reaction (76.3%), diarrhea (68.6%), 

alopecia (67.1%), and rash or desquamation (50.2%).

vandetanib (ZD6474, Caprelsa) 
This is an oral small molecule that mainly inhibits RET, 

VEGF-R 1–2, and EGF-R. At the moment, this drug has been 

approved for the treatment of advanced and metastatic MTC 

after a Phase III study (ZETA study)46 that demonstrated its 

efficacy in determining a significant prolongation of the PFS 

of patients treated with the drug with respect to those treated 

with placebo. Because of its anti-RET activity, its efficacy was 

also investigated in patients with locally advanced or metastatic 

DTCs in a Phase II trial.47 In this trial, 72 patients received 

vandetanib and 73 placebo. An advantage in median PFS was 

noted in the vandetanib arm (11.1 vs 5.9 months; P=0.008). 

The most common Grade 3 or worse AEs were QTc prolonga-

tion (14%), diarrhea (10%), asthenia (7%), and fatigue (5%). 

Two patients in the vandetanib group and one in the placebo 

group died from treatment-related serious AEs (hemorrhage 

Table 2 Studies investigating tyrosine kinase inhibitors in advanced and progressive thyroid cancer

Drug Phase (reference) Tumor hystotype Median PFS 
(months)

SD (%) RR (%)

Axitinib (AG0i3736) i (Rugo et al 2005)54 NR NR NR NR
ii (Cohen et al 2008)55 DTCs, MTC, ATC 18.8 38 30
ii (Locati et al 2014)56 DTCs, MTC 16.1 36 35

Cabozantinib (XL184) i (Kurzrock et al 2011)57 MTC NR 41 29
i (Cabanillas et al 2014)58 DTCs NR 40 53
iii (elisei et al 2013)59 MTC 11.2 NR 28

Dovitinib ii (Lim et al 20i5)60 DTCs, MTC 5.4 48.7 20.5
imatinib ii (De Groot et al 2007)61 MTC NR 27 0

ii (Ha et al 2010)62 ATC NR 50 25
Motesanib (AMG706) i (Rosen et al 2007)63 DTCs, MTC, ATC NR 43a 43a

ii (Sherman et al 2008)64 DTCs 9.2 35 14
ii (Shlumberger et al 2009)65 MTC 12 48 2

Pazopanib ii (Bible et al 2010)66 DTCs 11.7 NR 49
ii (Bible et al 2012)67 ATC 2 NR 0

Selumetinib (AZD6244) ii (Hayes et al 2012)68 DTCs 8 54 3
Sorafenib (BAY43-9006) ii (Lam et al 2010)69 MTC 17.9 88 6

ii (Schneider et al 2012)70 DTCs i8 42 31
ii (Savvides et al 2013)71 ATC 1.9 25 10
iii (Brose et al 2014)72 DTCs 10.8 42 12

Sunitinib ii (Carr et al 2010)73 DTCs, MTC 12.8 46 31
ii (Ravaud et al 2008)74 DTCs, MTC, ATC NR 80 6

vandetanib (ZD6474) ii (wells et al 2010)75 MTC 28 53 20
iii (wells et al 2012)76 MTC 30.5 NR 45
ii (Leuboulleux et al 2012)77 DTCs ii.1 NR 8.3

Notes: aPercentage referred to seven cases of thyroid cancer (study conducted on different type of solid tumor).
Abbreviations: DTCs, differentiated thyroid cancers; MTC, medullary thyroid cancer; ATC, anaplastic thyroid cancer; PFS, progression free survival; SD, stable disease; 
RR, response rate; NR, not reached or not reported.
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from skin metastases and pneumonia in the vandetanib arm 

and pneumonia in the placebo arm). A Phase III study of van-

detanib in advanced RAI-R DTCs is currently ongoing. This 

is a multicenter, double-blind, placebo-controlled clinical trial 

(VERIFY study; unpublished data) that enrolled 255 patients 

with progressive RAI-R DTCs. The enrollment has been 

recently completed and data should be soon available.

Therapeutic options in DTCs: 
lenvatinib vs sorafenib
At the moment, sorafenib and lenvatinib are the only targeted 

therapies approved by US Food and Drug Administration 

(FDA) and European Medical Agency (EMA) for the treat-

ment of RAI-R advanced DTCs patients. As listed in Table 3, 

some differences are present regarding both the Phase III 

study designs and the final results.

Two main differences between the two studies are: 1) prior 

TKI therapy was allowed in lenvatinib but not in sorafenib 

study; and 2) the progression was assessed centrally by a 

reviewing board in the SELECT study while it was evaluated 

by local principal investigators in the DECISION study.

Since in the SELECT study the PFS was demonstrated 

to be the same in patients priorly treated with TKI and in 

those naïve to any therapy, this means that lenvatinib may 

be also used as second-line treatment with a high efficacy 

in prolonging PFS. This aspect is particularly important for 

those patients treated with a TKI who develop the so-called 

“escape phenomenon” after which the tumor, whose growth 

was controlled for several months, starts to grow again. 

Although the mechanisms underlying the escape phenom-

enon are still unknown, it is likely due to the development 

of a drug resistance determined by both the activation or 

upregulation of alternative proangiogenic signaling pathways 

and the selective pressures of the microenvironment during 

malignant progression.48–50 After the escape, only the admin-

istration of an other TKI with other mechanisms of action can 

revert the trend of growth, and lenvatinib has been shown 

to have such ability in patients who were previously treated 

with other TKIs. At present, we do not have data on the 

possibility that sorafenib can act as a second line in patients 

who develope resistance to other TKIs.

Lenvatinib showed a higher PFS than sorafenib (18.3 

vs 10.8 months) and some cases of CR (1.5% vs 0%). In 

addition, the percentage of PR was higher in lenvatinib than 

in sorafenib-treated patients (63.2% vs 12.2%). However, a 

higher number of deaths related to study drug was described 

for lenvatinib than sorafenib. Although this high number of 

deaths was reported to be related to lenvatinib use (n=6), four 

of these deaths were nonspecific in their cause (sudden death, 

general deterioration, and two unspecified), and the relation 

to the drug was established by the interpretation of different 

investigators. In this regard, it is relevant to underline that 

patients enrolled in the SELECT study were affected by a 

more severe disease, as demonstrated by the shorter PFS 

observed in the placebo arm of SELECT study with respect 

to the PFS in the placebo arm of DECISION study (3.6 vs 

5.8 months). The difference in the severity of the disease in 

the two populations could have somehow played a role in 

the outcome of these patients.

As far as the AEs impact on the management of the two 

drugs is concerned, it is worth noting that no major differ-

ences were found between the two drugs regarding the per-

centage of dose reductions and interruptions due to AEs.

Major concerns
Although both lenvatinib and sorafenib are at present the best 

treatment options for RAI-R DTCs patients, there are some 

general concerns related to their long-term use. As mentioned 

earlier, they are mainly cytostatic drugs and their administra-

tion should be continued until the evidence of clinical benefit. 

This concept could imply a lifelong treatment, and in cases 

with unmanageable AEs the patients’ quality of life can be 

greatly affected. A cost–benefit evaluation between the qual-

ity of life and disease control, especially in cases with a low 

growth rate, should be considered at the time of taking the 

decision to start the therapy.

Table 3 Main differences between the two drugs approved for the treatment of metastatic radioiodine refractory differentiated 
thyroid cancer: lenvatinib and sorafenib

Drug study 
name

Daily dose Enrolled 
subjects

Prior TKI PFS (months) SD (%) CR (%) PR (%) Dose reduction or 
interruption (%)a

Number 
of deathsc

Lenvatinib
SeLeCT

24 mg ×1 392 Yes 18.3 vs 3.6b 15.3 1.5 63.2 78.5; 14.2 6

Sorafenib
DeCiSiON

400 mg ×2 416 No 10.8 vs 5.8b 42 0 12.2 77.8; 18.8 1

Notes: aDue to Aes; bdrug vs placebo; cdrug related.
Abbreviations: TKi, tyrosine kinase inhibitor; PFS, progression free survival; SD, stable disease; CR, complete response; PR, partial response; Aes, adverse events.
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Another aspect to take into consideration is that, until 

now, the duration of the TKI response is not durable and 

escape phenomenon will arrive sooner or later. We have 

stated that lenvatinib showed efficacy in prolonging PFS 

also in patients previously treated with other TKIs;40 thus, the 

possibility to use TKIs in second and third line is an option. 

However, new drugs, already tested in other human tumors51 

and acting by improving inflammatory response against the 

tumoral tissue, are under investigation also for the treatment 

of TCs either as single agent or in combination with other 

TKIs (ClinicalTrials.gov Identifier: NCT02501096).

Conclusion
Lenvatinib represents a new option for the treatment of RAI-R 

advanced DTCs patients that is able to inhibit multiple TKRs 

and the process of angiogenesis. A recent Phase III study has 

demonstrated its efficacy in prolonging PFS in patients with 

advanced DTCs and in achieving a high clinical benefit (65%) 

with an acceptable toxicity profile. Since hypertension was 

the most common side effect, it should be considered that, 

as previously demonstrated,52,53 an antihypertension medica-

tion and dose reduction are usually able to keep the majority 

of patients on treatment with lenvatinib. Nonetheless, the 

balance is still unclear between the clinical benefits and the 

quality of life due to other AEs and further assessments are 

needed to establish the real incidence of fatal events.

Since it is well established that maintaining a patient on a 

TKI as long as possible can maximize tumor response, lenva-

tinib, as well as the majority of TKI drugs, should be managed 

by experts able to recognize early the beginning of AEs before 

they become unmanageable and before they require a dose 

interruption. A good experience in the treatment of TCs and 

particularly of advanced TCs is also fundamental.
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