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Abstract: Sorafenib is a multiple kinase inhibitor (MKI) approved for the treatment of 

primary advanced renal cell carcinoma and advanced primary liver cancer. It was recently 

approved by several health agencies around the world as the first available MKI treatment for 

radioactive iodine-refractory advanced and progressive differentiated thyroid cancer. Sorafenib 

targets C-RAF, B-RAF, VEGF receptor-1, -2, -3, PDGF receptor-β, RET, c-kit, and Flt-3. As 

a multifunctional inhibitor, sorafenib has the potential of inhibiting tumor growth, progres-

sion, metastasis, and angiogenesis and downregulating mechanisms that protect tumors from 

apoptosis and has shown to increase the progression-free survival in several Phase II trials. 

This led to the Phase III trial (DECISION) which showed that there was an improvement in 

progression-free survival of 5 months for patients on sorafenib when compared to those on 

placebo. Adverse events with this drug are common but usually manageable. The development 

of resistance after 1 or 2 years is almost a rule in most patients who showed partial response or 

stabilization of the disease while on sorafenib, which makes it necessary to think of a plan for 

subsequent therapies. These may include the use of another MKI, such as lenvatinib, the second 

approved MKI for advanced differentiated thyroid cancer, or include patients in clinical trials 

or the off-label use of other MKIs. Given sorafenib’s earlier approval, most centers now have 

access to its prescription. The goal of this review was to improve the care of these patients by 

describing key aspects that all prescribers will need to master in order to optimize outcomes.
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Introduction
Differentiated thyroid cancer (DTC) includes the papillary, follicular, and poorly 

differentiated histological types. Its incidence has raised rapidly worldwide, espe-

cially in women in the last three decades.1 Long-term survival of patients with DTC 

is usually excellent. A good prognosis, considering mortality and recurrence, gener-

ally applies to patients younger than 60 years old with no local gross extension and 

no distant metastases.2 Most of these patients may experience 10-year survival rates 

as high as 85%.2,3 Generally, patients with a diagnosis of a DTC undergo surgical 

treatment of the primary tumor.4 The extension of the surgery (hemithyroidectomy, 

total thyroidectomy, or total thyroidectomy associated to lymph node dissection) may 

vary according to the presurgical risk of recurrence. The same situation occurs with 

radioactive iodine (RAI) administration after total thyroidectomy. Currently, there is 

a selective approach for the use of remnant ablation: it is not routinely indicated in 

low-risk patients, may be considered in intermediate-risk patients, and is an absolute 

indication in those with high risk of recurrence.4
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Local or distant metastases can occur in nearly 10% of 

patients with DTC; for these cases, there are multiple thera-

peutic options that may include the use of several RAI doses 

administered consecutively, metastasectomy, and/or the 

use of external beam radiotherapy, among other therapeutic 

modalities.4 Despite these treatments, between one-third to 

two-thirds of patients with metastatic DTC will become RAI-

refractory.5,6 RAI-refractoriness represents ,5% of patients 

with clinical thyroid cancer. This subgroup of patients has a 

poor overall prognosis, with 10-year survival rates of only 

10% and a median survival from the discovery of metastases 

of only 3–5 years.5–7 The American Thyroid Association, 

among other societies in the world, currently provides recom-

mendations to include patients with advanced, progressive, 

and RAI-refractory DTC as candidates for being treated with 

multiple kinase inhibitors (MKIs).4,8,9 Until now, US Food 

and Drug Administration and European Medicines Agency 

(among other health agencies around the world) approved 

only two drugs, sorafenib and lenvatinib, for this indication,4 

but the practical details of managing these patients often 

vary between physicians and countries.10 Given its earlier 

approval, most centers will have access to sorafenib, and now, 

2 years later, we aim to improve the care of these patients by 

describing key aspects that all prescribers will need to master 

in order to optimize patient outcomes.

RAI-refractory status and defining 
which patients are candidates for 
systemic treatment
First, it is important to reach a common definition of 
131I-refractory disease, both for clinical trials and in com-

munity practice. To some degree, a consensus has been 

evolving over the past 5 years.11 At the least, 131I-refractory 

disease should be defined as the presence of a lesion that 

does not uptake 131I detected at imaging or clinical evidence 

that 131I is no longer beneficial as in the case of progres-

sion despite visible uptake or, for example, progression 

despite a cumulative activity .600 mCi.4,5,12,13 In all cases, 

tumor progression has been defined according to Response 

Evaluation Criteria in Solid Tumors (RECIST)14 occurring 

within ~12–14 months, and so active surveillance imaging 

should be performed every 3–12 months according to the 

knowledge of the activity of a patient’s disease.10,13 On 

occasion, RAI resistance might be difficult to define when 

mixed response is present, but progressing RAI-refractory 

lesions that are not amenable for local treatment (due to 

location or multiple locations) should always be considered 

for systemic therapy.

Molecular biology of DTC: pathways 
involved in tumor aggressiveness 
and progression
In the last three decades, there has been an increase in our 

understanding of the impact of somatic gene alterations in the 

outcome of patients with DTC. Most of these genetic rear-

rangements and mutations have an impact on tumor initiation 

but not on tumor progression.15–18 RET/PTC rearrangements 

were one of the first genetic alterations described in DTC.14,19 

The RET/PTC 1 and RET/PTC 3 are the most common rear-

rangements found, being RET/PTC 1 characteristic of young 

patients and associated with a high frequency of lymph node 

metastasis.15,19 On the other side, RET/PTC 3 rearrangement 

is more prevalent in childhood, and it is associated with a 

past history of radiation exposure.15,19 RAS oncogenes codify 

for three proteins (H-, K-, and N-RAS). Point mutations in 

codons 12 or 61 are the most commonly found in DTC.20,21 

Constitutive activation of this protein increases thyroid cell 

proliferation and decreases the expression of thyroglobulin, 

thyroperoxidase, and NIS protein.20,21 RAS mutations are 

found with similar frequency in thyroid adenomas, DTC, and 

anaplastic tumors.20,22 Nearly 15%–20% of papillary thyroid 

tumors may present RAS oncogene mutations, mainly those 

with follicular variant, which are also encapsulated with a low 

frequency of lymph node metastasis.23 Recently, a high preva-

lence of this mutation was shown in patients with DTC and 

RAI-avid distant metastasis.24 Despite a seemingly preserved 

ability to concentrate iodine, RAI seems to be ineffective in 

achieving cure in most patients with RAI-avid metastatic 

DTC and RAS-mutant disease.24 However, the presence of 

RAS mutation might be a predictor of MKI redifferentiation 

therapy with selumetinib in patients with RAI-refractory 

DTC.25 The association between RAS mutations and a more 

aggressive behavior of DTC has also been described.26

B-RAF mutations are found in 30%–70% of patients with 

papillary thyroid cancer (PTC). There is a hot spot T1796A 

that generates a substitution from valine to glutamate at resi-

due 600 (V600E).27,28 Most of the studies published thus far 

show that tumors harboring a B-RAF mutation have higher 

rates of extrathyroidal extension, higher frequency of lymph 

node metastasis, higher frequency of structural recurrences, 

and lower RAI uptake.29–34 It was also described that B-RAF 

mutation may present with a heterogeneous distribution in 

the same tumor.35–38 The outcome in the long-term follow-up 

of B-RAF-positive patients may be more related to the per-

centage of allelic mutations in a given tumor than the only 

presence of B-RAF positivity.35–38
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The phosphoinositide 3-kinase (PI3K) pathway regulates 

growth, motility, and survival of cells. Activating mutations 

of PI3K are almost exclusive of follicular thyroid cancer 

(FTC) and anaplastic thyroid cancer (ATC). However, the 

amplification of PI3K pathway may be observed in 13% of 

follicular adenomas, 16% of PTC, 30% of FTC, and 50% 

of ATC.39,40

Recently, telomerase reverse transcriptase gene (TERT), 

which plays an important role in the immortality of cells 

keeping the telomere length at the end of the chromosomes, 

was found to be overexpressed in multiple tumors, including 

DTC. Also, somatic point mutations were found that were 

shown to increase the telomerase activity. TERT mutations 

are found in 11% of FTC and 16%–40% of PTC (and fre-

quently associated to B-RAF mutations).41–43 The presence 

of TERT overexpression/mutations has been related to more 

aggressive tumors when associated with B-RAF mutations. 

These patients might be considered as presenting a high risk 

of recurrence of the disease.4 Finally, vascular endothelial 

growth factor (VEGF) is overexpressed in both tumor cells 

and the blood vessels within tumors; its main receptor VEG-

FR-2 is generally upregulated in DTC, and it is implicated in 

neoplastic growth, progression, and aggressiveness.44 This is 

likely the primary target of many of the MKIs in use to treat 

RAI-refractory DTC today.

Sorafenib: pharmacology and 
pharmacokinetics
Sorafenib is a MKI approved for the treatment of primary 

kidney cancer (advanced renal cell carcinoma), advanced 

primary liver cancer (hepatocellular carcinoma), and 

advanced and progressive DTC.45–47 Sorafenib targets 

C-RAF, B-RAF, VEGF receptor (VEGFR)-1, -2, -3, PDGF 

receptor (PDGFR)-β, RET, c-kit, and Flt-3.48–51 As a multi-

functional inhibitor, sorafenib has the potential of inhibiting 

tumor growth, progression, metastasis, and angiogenesis, 

as well as downregulating mechanisms that protect tumors 

from apoptosis.48–50

Pharmacology and pharmacokinetics
Sorafenib is absorbed at a moderate rate after the first dose, 

and maximum concentration observed (C
max

) occurred at 

2.5–12.5 hours after administration.50–52 The mean relative 

bioavailability of sorafenib tablets is 38%–49%, relative to 

an oral solution.50,51 The absolute bioavailability of sorafenib 

has yet to be determined.51 The bioavailability of sorafenib is 

reduced by ≈30% when the drug is administered with a high-

fat meal (50% fat) rather than in the fasted state, but not after 

a moderate-fat meal (30% fat).50,51 Therefore, sorafenib should 

be taken without food or with a low- or moderate-fat meal.

Subsequently, after oral administration, plasma concen-

trations of sorafenib decrease slowly. There is no observable 

dose dependency in the plasma concentration–time profiles 

after the first dose of 100–800 mg. Substantial accumulation 

in plasma following multiple twice daily (bid) administra-

tions is observed. Intake of food before dosing had no rel-

evant impact on the pharmacokinetics of sorafenib except 

for slightly prolonging time of maximum concentration. 

Mean half-life ranged from 24 hours to 38 hours. Similar to 

the values observed after single dosing, area under the curve 

and C
max

 values are highly variable following multiple doses 

of sorafenib bid. Multiple dosing of sorafenib for 7  days 

resulted in a 2.5-fold to sevenfold accumulation, compared 

to single-dose administration. Steady-state plasma sorafenib 

concentrations are achieved within 7 days, with a peak-to-

trough ratio of mean concentrations ,2.52,53

Sorafenib metabolism
Metabolism of sorafenib occurs mainly in the liver via 

cytochrome P450 (CYP) 3A4-mediated oxidation and 

uridine diphosphate glucuronosyltransferase 1A9-mediated 

glucuronidation.50,51 Sorafenib comprises ≈70%–85% of 

the circulating analytes at steady state. Of the eight identi-

fied sorafenib metabolites, five are present in plasma. The 

pyridine-N-oxide (M-2) is the major circulating metabolite 

in plasma, accounting for ≈9%–16% of circulating analytes 

at steady state. In vitro, the pyridine-N-oxide has demon-

strated similar potency to that of sorafenib.50,51 Considering 

an oral administration of 100  mg of a solution formula-

tion of sorafenib, 96% of the dose was recovered within 

14 days, with 77% of it excreted in feces and 19% in urine as 

glucuronidated metabolites. Also, 51% of the dose accounted 

for unchanged sorafenib; it was excreted in the feces but not 

in urine, suggesting that biliary excretion of unchanged drug 

might contribute to the elimination of sorafenib.50,53

Age, sex, and race did not influence the pharmacokinet-

ics of sorafenib. Subjects with normal renal function and 

those with mild, moderate, or severe renal impairment do 

not show any relationship between sorafenib exposure and 

renal function.53

Sorafenib exposure was shown to be higher in patients 

with DTC than in patients with renal cancer and hepatocel-

lular carcinoma; however, the ranges overlap significantly.54 

The elevated sorafenib exposure in patients with thyroid 

cancer did not appear to be due to CYP3A4 inhibition because 

plasma concentration of the sorafenib metabolite M-2 
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was higher in patients with thyroid cancer than in patients 

with renal hepatocellular carcinoma (CYP3A4 inhibition 

would lead to decreased M-2 levels). Elevated M-2 would 

also appear to preclude the levothyroxine metabolite T3 

(a known CYP3A4 inhibitor) as the cause of the elevated 

sorafenib exposure (through effect on CYP3A4) in patients 

with DTC in the DECISION study, most of whom were 

receiving levothyroxine. The reason for increased sorafenib 

exposure in the DECISION study has not yet been elucidated. 

There was no clear, clinically relevant correlation between 

sorafenib exposure and either progression-free survival 

(PFS) or adverse effect (AE) incidence/severity in patients 

with DTC.54 However, lower doses of sorafenib have been 

commonly associated with decreased efficacy of the agent in 

the clinic (M Brose, personal communication, 2016).

Efficacy studies of sorafenib in 
patients with thyroid cancer
The first trial to suggest the efficacy of sorafenib in patients 

with iodine-refractory metastatic thyroid cancer was pub-

lished in an abstract version in the ASCO Annual Meeting 

2006.55 Later, Gupta-Abramson et al56 published a Phase II 

trial including 30 patients, 18 with PTC, nine with FTC, one 

with medullary thyroid cancer (MTC), and two with poorly 

differentiated and ATC. All patients received sorafenib at 

a dose of 400 mg orally twice a day. The median duration 

of treatment was 6.7 months. The authors reported partial 

response (PR) by RECIST criteria in seven patients (23.3%) 

and stable disease (SD) in 16 patients (53.3%) with a clinical 

benefit rate (PR + SD) of 77%. Only two patients with poorly 

differentiated thyroid cancer and ATC showed progressive 

disease (PD). Considering patients with DTC only, a median 

PFS of 21 months was observed with no difference between 

PTC and FTC. The median PFS in the entry cohort was 

18 months.56

Another Phase II study57 including 41 patients with PTC 

(33 chemotherapy naïve) showed a PR in 15%, with a clinical 

benefit rate of 56%. Median PFS was 15 months. In this trial, 

there was no correlation between the serum Tg response and 

the radiological response. Ten fine-needle aspiration samples 

obtained before and 8  weeks after initiation of sorafenib 

were analyzed for levels of immunoactive VEGFR, VEGF 

expression, and ERK and AKT phosphorylation by immuno-

histochemistry. An inhibitory action on RAS-RAF kinase, as 

well as in the angiogenic signaling pathway, was firmly dem-

onstrated. The impact on B-RAF mutation in predicting the 

MKI response could not be analyzed due to the small number 

of B-RAF mutation-negative patients. Regarding the use of 

fluorodeoxyglucose-positron emission tomography/com-

puted tomography (18F-FDG-PET/CT) scan in the follow-up 

of patients taking sorafenib, it is important to highlight that 

this study found no clear correlation between the percentage 

of changes in standardized uptake value maximum (SUV
max

) 

and tumor responses according to RECIST criteria.

In 2009, Brose et al58 showed a PFS of 21 months in 

55 patients with thyroid cancer (47% PTC, 36% FTC/

Hürthle cell variant, 8% MTC, 9% poorly differentiated/

ATC) receiving sorafenib 400 mg twice a day. Consider-

ing 16 patients with PTC and FTC in whom genotyping of 

B-RAF was possible, the PFS was longer in those with B-RAF 

V600E mutation compared to B-RAF wild type (21 months 

vs 13 months, P=0.028).

The aim of the trial of Hoftijzer et al59 was to assess the 

reinduction of RAI uptake in 31 patients with RAI-resistant 

DTC by using sorafenib 800  mg bid. A 59% of clinical 

benefit rate was obtained, 25% achieving PR. The PFS was 

14.5 months. However, a reinduction of RAI uptake was not 

demonstrated. In this study, patients with bone metastasis had a 

worse response to sorafenib treatment (P=0.004) and a shorter 

PFS (0.046). A specific tissue response to sorafenib therapy 

was assessed by Cabanillas et al,60 including 13 patients on 

sorafenib 800  mg bid. The objective response rates were 

similar to the previous reports. When analyzing the response 

by organ site, the reduction of target lesions was significantly 

greater in lungs (median change, 22%; range 38%–21%) than 

in lymph nodes (median change, 0%; range 18%–33%). Bone 

metastases were again refractory to MKI therapy. Neverthe-

less, the two patients who had irradiated bony metastases 

before initiation of targeted therapy had SD and the other two 

patients with bone metastasis without radiation therapy had a 

PR (despite having concomitant good response in their lung 

metastases). This observation would suggest that external 

beam radiation prior to MKI treatment could avoid progression 

of the bony target lesions. Also, the two patients with pleural 

effusion had a PD while on sorafenib treatment.

In the 2011 ASCO annual meeting, the first Phase II 

clinical trial reporting OS in patients treated with sorafenib 

was presented.61 This study including 55 patients (85% 

DTC, 9% ATC, and 6% MTC) showed a PFS of 23 months 

(24 months in the poorly differentiated/DTC group) and an 

OS of 35 months.61

Another important Phase II trial on sorafenib treat-

ment was the study of Marotta et al,62 which included 17 

progressive RAI-refractory DTC. The best response was 

observed in lymph nodes and lungs as previously observed60 

but with a better response in the lymph nodes. The use of 
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18FDG-PET/CT assessment at baseline and in the early initial 

response was correlated with the final radiological response, 

contrary to a previous trial.57 Therefore, in the opinion of the 

authors, 18F-FDG-PET/CT could be helpful for the timely 

identification of nonresponding patients, in view of the fact 

that the early reduction in average SUV
max

 in patients during 

sorafenib treatments was greater in responding subjects.57

A long-term outcome study on sorafenib was presented 

by Schneider et al.63 The median follow-up period was 

25  months (range 3.5–39  months) and median sorafenib 

treatment period was 9.2  months (range 0.1–39  months). 

In the first 6 months of treatment, eight patients (31%) had 

a PR. At the end of follow-up, four patients (15%) had PR, 

three (12%) showed SD, and 15 (58%) evidenced PD. The 

presence of a B-RAF V600E mutation was not related to dis-

ease progression. The PFS was 18 months (95% confidence 

interval [CI] 7–29 months), and the median overall survival 

(OS) was 34.5  months. The OS and PFS were shorter in 

patients with bone metastasis (23 months and 12 months, 

respectively). Similarly to other studies,56,59,60 thyroglobulin 

measurement during sorafenib therapy reflected the radio-

logical response.

There are a few trials analyzing sorafenib on MTC. In 

2010, Lam et al64 published a trial including 21 patients with 

MTC (16 sporadic and five hereditary). Only two patients 

achieved a PR, 18 had a SD (nine of whom had a durable 

SD $15 months), and one patient had a clinical PD but was 

not evaluable for RECIST response criteria. The PFS was 

17.9 months for the sporadic group and was not reported in 

the hereditary group. Although calcitonin levels decreased 

in the majority of patients, neither the timing nor the degree 

of the calcitonin levels had correlation with the degree or 

duration of the objective response. Similar rate responses 

were observed in the study of Ahmed et al,65 which included 

15 patients with MTC. In this Phase II trial, two patients 

reached a PR and 13 had a SD, with an OS rate at 1 year of 

100% and a PFS of 93%. Different from the previous study, 

a correlation between the tumor markers (calcitonin and car-

cinoembryonic antigen levels) and the radiological response 

was found. Also, a reduction by .50% of the mean calcitonin 

level was shown in the first month of sorafenib treatment 

followed by a further stabilization, showing the impact of 

this MKI on the calcitonin gene expression. The Spanish 

trial of Capdevila et al66 observed a PR rate of 47% and SD 

rate of 40% in 15 patients with MTC treated with sorafenib 

400 mg bid with a PFS of 10.5 months. These data differ 

from previous studies in which patients with MTC treated 

with sorafenib are supposed to have PR rates ,15%, and 

the majority of the cohort is expected to show a SD. In any 

case, although a Phase III trial is needed, the available data 

suggest that sorafenib is effective in MTC and could be an 

option in patients in whom the approved MKIs vandetanib 

and cabozantinib are not available.

In July 2014, Brose et al47 published the first random-

ized, double-blind, placebo-controlled study (DECISION) 

analyzing the efficacy of a standard dose of sorafenib 

800 mg in patients with RAI-refractory locally advanced or 

metastatic DTC. The population included 417 patients (207 

in the sorafenib arm and 210 in the placebo group) with a 

median time of follow-up of 16.2 months (range 0.03–33.2). 

The PFS was 5 months longer in the group of patients on 

sorafenib treatment (10.8  months vs 5.8  months, hazard 

ratio [HR] 0.587, 95% CI 0.454–0.758; P,0.0001). The 

improvement in the PFS was proved independently of age, 

sex, geographical region, histologic subtype, site of metas-

tasis, and tumor size. The median OS was not reached, and 

the OS did not differ significantly between the two arms of 

the study (HR 0.80, 95% CI 0.54–1.19; P=0.14). However, 

it is appropriate to consider that 71.4% of patients in the 

placebo arm crossed over to receive open-label sorafenib at 

progression. The clinical benefit rate was 54% (against 33.8% 

in the placebo group, P,0.0001), with a PR rate of 12.2% 

(against 0.5% in the placebo group) and a SD .6 months 

of 41.8% (against 33.2% in the placebo group). Similar to 

previously reported trials, no patients showed a complete 

response (disappearance of all target lesions). Another point 

to consider in the DECISION study is the assessment of the 

predictive value of the biomarkers in the management of 

DTC. In patients harboring both B-RAF and RAS mutations, 

sorafenib significantly improved the PFS in comparison with 

wild-type patients. However, neither B-RAF nor RAS mutation 

was predictive of this improvement itself due to the similar 

HR between the sorafenib and the placebo group for each 

mutational subgroup. The authors of the DECISION study 

did not recommend to use the biomarker analysis to select 

patients who are candidates for sorafenib therapy. Eventually, 

the researchers analyzed the thyroglobulin concentrations. In 

patients receiving placebo, thyroglobulin levels increased, 

while in all patients treated with sorafenib, thyroglobulin 

concentrations had an initial decrease followed by an increase, 

stability, or decrease according to the objective response 

(PD, SD, or PR, respectively). Although other trials59,62 also 

showed that the thyroglobulin value paralleled the radiological 

response to sorafenib treatment, Brose et al47 concluded that 

the use of this tumor marker to monitor the MKI treatment 

is not well established yet.
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In all the previously mentioned studies, sorafenib was 

administered at a starting dose of 400 mg twice a day. Consid-

ering the AEs of the MKI, it is important to highlight attempts 

to use lower doses. Dadu et al67 performed a study that aimed 

to compare 51 patients receiving sorafenib at a starting dose 

of 800 mg with 24 patients with a starting dose ,800 mg/d. 

The initial dose in the latter group was 400 mg/d in almost 

all patients, except for one who started sorafenib at 200 mg/d. 

The efficacy was assessed by median time to progression 

(time from the start of treatment to discontinuation because 

of progression), which is similar to the PFS. The time to 

progression was not statistically different between the two 

groups: 11  months in group 1 and 8  months in group 2 

(P=0.354). Chen et al68 enrolled nine patients treated with 

sorafenib 200 mg twice a day. Of them, 33% showed a PR 

and 44% had a SD. The mean PFS was 10.5 months. Regard-

ing that the mean administered dose in the sorafenib arm in 

the DECISION study was 651 mg/d revealing the frequent 

need of dose reductions, further studies clarifying this point 

would be of great value.

In 2014, Shen et al69 published the first meta-analysis on 

sorafenib treatment of patients with RAI-resistant DTC. The 

publication of this research was done before the DECISION 

study. The seven trials included those previously cited in this 

review56,57,59,62,63,65,66 and involved 211 patients. This group 

of patients showed a PR rate of 22% (range 15%–33%), a 

SD rate of 52% (range 41%–82%), a PFS of 12.4 months 

(range 4.5–19.6 months), and an OS between 10 months and 

37.5 months. Any complete response was reported. A more 

recent meta-analysis70 was published analyzing MKI in 

patients with all histologic subtypes of thyroid cancer. This 

work included the majority of clinical trials that participate 

in the meta-analysis of Shen et al69 and incorporated the 

DECISION Phase III clinical trial. Among patients with 

DTC treated with sorafenib, the authors reported a PR rate 

of 17% and a clinical benefit rate of 53%.70

More recently, additional published studies have 

shown similar response rates as previously reported.71,72 

In Argentina, Pitoia73 published his clinical experience in 

eight patients with DTC who received off-label sorafenib. 

One patient exhibited a maintained PR for 16 months, five 

patients had a SD for 8±3 months, and two patients showed 

SD for 8 months and 12 months, respectively, and then have 

a PD at final follow-up.73

Currently, there is an ongoing observational study to 

understand the use of sorafenib in the clinical setting after 

approval.74 The results of the clinical trials mentioned earlier 

are summarized in Table 1.

In November 2013, sorafenib was approved for the treat-

ment of refractory advanced DTC by the US Food and Drug 

Administration75 and by the European Medicines Agency in 

May 2014.

A few trials evaluated the combination of sorafenib with 

another targeted agent. Cabanillas et al76 and Hong et al77 

treated patients with advanced thyroid cancer with a combina-

tion of sorafenib and tipifarnib, a farnesyltransferase inhibitor 

that inactivates RAS, showing similar tumor responses as 

with sorafenib alone.76,77 A combined therapy with sorafenib 

Table 1 Summary of the efficacy of sorafenib in patients with thyroid cancer reported by clinical trials

Study N Type CB  
(PR + SD) (%)

PR (%) SD (%) PD (%) Median PFS  
(months)

Gupta-Abramson et al56 30 27 DTC, 1 MTC, 
2 ATC

77 23.3 53.3 7 18

Kloos et al57 41 PTC 56 15 41 44 15
Hoftijzer et al59 31 DTC 59 25 34 22 14.5
Cabanillas et al60,76 13 DTC 80 20 60 20 19
Lam et al64 21 MTC 95.2 9.5 85.7 4.8 17.9
Keefe et al61 55 47 DTC, 3 MTC, 

5 ATC
85 (DTC) 38 (DTC) 47 (DTC) 15 (DTC) 23.4

Ahmed et al65 34 19 DTC, 15 MTC 18 (DTC), 
25 (MTC)

– – –

Marotta et al62 17 DTC 71 30 41 18 9
Schneider et al63 31 DTC 73 31 42 27 18
Capdevila et al66 34 16 DTC, 

15 MTC, 3 ATC
69  (DTC),  
87 (MTC)

19 (DTC), 
47 (MTC)

50 (DTC), 
40 (MTC)

25 (DTC), 
7 (MTC)

13.3 (DTC), 
10.5 (MTC)

Brose et al47,86 207 DTC 54.1 12.2 41.8 45.9 10.8
Pitoia73 8 DTC 75 12.5 62.5 25 14–24

Abbreviations: CB, clinical benefit; PR, partial response; SD, stable disease .6 months; PD, progressive disease; PFS, progression-free survival; DTC, differentiated thyroid 
cancer; MTC, medullary thyroid cancer; ATC, anaplastic thyroid cancer; PTC, papillary thyroid cancer.
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and an mammalian target of rapamycin (mTOR) inhibitor 

was suggested by Sherman et al78 using temsirolimus. More 

recently, the same authors evaluated 38 patients with thyroid 

cancer (ten MTC and 28 DTC) and showed that the combina-

tion of sorafenib and everolimus, another mTOR inhibitor, 

achieves better clinical responses than for sorafenib alone: 

PR 55% and SD 37%.79 Brose et al80 enrolled 35 patients with 

evidence of progression by RECIST criteria on sorafenib 

treatment and demonstrated an additional median PFS of 

13.7  months, a SD $6  months of 54%, and a PR of 3% 

adding everolimus to sorafenib.80

Safety and tolerability
In the meta-analysis of Shen et al,69 among 211 patients, the 

most commonly reported AEs were, in order of incidence, 

hand–foot syndrome (HFS) 80%, diarrhea 68%, fatigue 67%, 

rash 66%, weight loss 52%, and hypertension 31%. Similar 

results were obtained by the DECISION trial47: HFS 76.3%, 

diarrhea 68.6%, alopecia 67.1%, rash 50.2%, weight loss 

46.9%, and hypertension 40.6%. The HFS was also the most 

frequent Common Terminology Criteria for Adverse Events81 

grade 3 or 4 AEs (20.3%), followed by hypertension (9.7%), 

hypocalcemia (9.2%), weight loss (5.8%), diarrhea (5.8%), 

and fatigue (5.8%). Secondary malignancies were reported in 

4.3%. Twelve deaths occurred in patients receiving sorafenib, 

only one of them was attributable to sorafenib (myocardial 

infarction).47 The incidence of fatal events in the meta-analysis 

performed by Schutz et al82 was 1.4% in the sorafenib group 

of patients. The most common fatal events were hemorrhage, 

followed by myocardial infarction, abnormal liver function or 

failure, sepsis, ischemic stroke, pulmonary embolism, dehy-

dration, and sudden death.82 A by-cycle treatment analysis 

of the adverse events of the DECISION study performed 

by Worden et al83 showed that most of them had a high-

est incidence during the first two cycles of treatment (one 

cycle =28 days), increased their prevalence over the first two 

to six cycles, then stabilizing or declining with the exception 

of weight loss that tended to rise in prevalence in later cycles. 

A summarized list of the adverse events, rates of dose reduc-

tions, interruptions, and withdrawals of sorafenib reported in 

different clinical trials is presented in Table 2. The Common 

Terminology Criteria for Adverse Events for some of the 

most frequent AEs are detailed in Table 3.

HFS and other skin reactions
HFS was the most common reason for dose reduction 

(33.8%), interruption (26.6%), and withdrawal (5.3%).47 

This skin reaction is characterized by hyperkeratotic plaques 

with erythematous borders that are most pronounced on 

weight-bearing areas but can also affect the dorsum of the 

Table 2 Adverse effects of sorafenib, fatal events, dose reductions, interruptions, and withdrawals reported in each trial

Study All grades AEs Grades 3–4 AEs Fatal 
eventsa (%)

Dose reductions 
(%)

Interruptions 
(%)

Withdrawals 
(%)

Gupta-Abramson et al56 HFS 93%, diarrhea 80%,  
rash 80%

Hypertension 13%, HFS, 
rash, weight loss 10%

3 47 63 20

Kloos et al57 HFS, diarrhea, weight loss Fatigue (16%), hand 
or foot pain (12%), 
arthralgia (11%)

43 52 DNS 25

Hoftijzer et al59 HFS 66%, weight loss 56%, 
diarrhea 50%

HFS 18%, hypertension 
15%, weight loss 9%

0 56 DNS 18.7

Lam et al64 HFS 90%, diarrhea 81%, 
alopecia 76% 

HFS 14%, diarrhea, 
hypertension 10%

DNS DNS DNS DNS

Ahmed et al65 Dermatology (other) 88%,  
HFS 79%, diarrhea 77%

HFS 44% 6 82 DNS 6

Marotta et al62 HFS 88%, increased  
TSH 76%, fatigue 71%

DNS 30 100 100 12

Schneider et al63 HFS 71%, weight loss  
58%, rash 55%

HFS 22%, weight loss, 
hypertension 16%

3 58 DNS 23

Capdevila et al66 HFS, diarrhea 62%,  
fatigue 56%

HFS 23%, diarrhea, 
fatigue 15%

3 35 DNS 0

Brose et al47,86 HFS 73.6%, diarrhea 68.6%, 
alopecia 67.1%

HFS 20.3%, 
hypertension 9.7%, 
hypocalcaemia 9.2%

6 66.2 64.3 18.8

Pitoia73 Diarrhea 37%, fatigue 37% Heart failure 12% 12 50 DNS 12

Note: aFatal events of all causes.
Abbreviations: AE, adverse effect; HFS, hand–foot syndrome; TSH, thyroid-stimulating hormone; DNS, data not shown.
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hands, lateral slides of the soles, and the shin. The intensity 

varies from mild erythema to severe hyperesthesia. The 

median time of onset was 18.4 days since the initiation of 

sorafenib,84 and the severity tends to decrease after the sixth 

month.85 The physiopathology is attributed to inhibition of 

growth and repair pathways in the mentioned areas mediated 

by the VEGF and platelet-derived growth factor receptors 

(PDGFR). Management includes keeping hands and feet well 

hydrated, probably the use of urea-based creams, removing 

calluses, wearing comfortable shoes, avoiding hot water, and 

using pain medication as needed. With grades 1 and 2 HFS, 

dose reduction is not necessary. Patients having grade 2 HFS 

that does not improve with supportive measures, or after the 

prescription of ibuprofen at doses of 600 mg three times a 

day, or grade 3 HFS require dose reductions and short inter-

ruptions (ie, for 1 week) as seen in Figure 1. Of note, most of 

the investigators on DECISION were giving sorafenib for the 

first time. It is generally accepted that with experience, dose 

holidays, and earlier intervention, the incidence of grades 3 

and 4 is significantly lower (~5%).86

A macular or papular rash over the extremities and the 

trunk is frequently observed during the first month of treat-

ment and follows a clinical behavior similar to HFS. Most 

cases are mild and solve without specific therapy, but topical 

corticosteroids and antihistamines may be considered.86

Diarrhea and gastrointestinal complaints
Diarrhea is the second more common disorder related with 

sorafenib therapy.47 It occurs mostly as a grade 1 (increase 

of less than four stools per day over baseline) or grade 2 

(increase of four to six stools per day over baseline) adverse 

event, with an incidence of grade 3 or 4 diarrhea (increase 

of more than seven stools per day over baseline with life-

threatening consequences) of 5%–15%.69 It often begins at 

the third or fourth month of treatment, has a slow onset, may 

be worst later, and is particularly intermittent (two or three 

episodes per week) in patients with DTC.86 The proposed 

toxicity mechanisms are an effect on intestinal receptors such 

as c-kit expressed on interstitial cells of Cajal that regulate 

peristaltic movements, inhibition of VEGFR leading to a 

microcirculation damage, and a high concentration of the 

drug with direct irritation of the bowel mucosa. Grade  1 

or 2 diarrhea is, in the majority of patients, successfully 

managed with dietary adjustments, usually accompanied by 

loperamide that can be used intermittently or prophylacti-

cally in schedules individualized for the patient. In case of 

grade 3 or 4 gastrointestinal disorders, a dose reduction or 

interruption until diarrhea returns to grade 1 is needed. Other 

gastrointestinal issues such as mucositis and dyspepsia are 

common in patients receiving sorafenib and are usually 

controlled by standard treatment.86

Fatigue
Fatigue is a common symptom in patients taking sorafenib 

and has a high incidence during the first months of treatment, 

remaining stable or in cases improving during the treatment.83 

To rule out depression, decrease in physical activity and 

nutritional issues is recommended. This symptom tended to 

Table 3 Common Terminology Criteria for Adverse Events

Grade 1 Grade 2 Grade 3 Grade 4

HFS Minimal skin changes or 
dermatitis (eg, erythema, 
edema, or hyperkeratosis) 
without pain

Skin changes (eg, peeling, 
blisters, bleeding, edema, or 
hyperkeratosis) with pain; 
limiting instrumental ADLa

Severe skin changes (eg, peeling, 
blisters, bleeding, edema, or 
hyperkeratosis) with pain; limiting 
self-care ADLb

Fatigue Relieved by rest Not relieved by rest; 
limiting instrumental ADLa

Not relieved by rest, limiting self-
care ADLb

Hypertension SBP 120–139 mmHg or DBP 
80–89 mmHg

SBP 140–159 mmHg or DBP 
90–99 mmHg

SBP $160 mmHg or  
DBP $100 mmHg

Life-threatening 
consequences (malignant 
hypertension, transient 
or permanent neurologic 
deficit, hypertensive crisis)

Anemia Hgb ,LLN–10.0 g/dL Hgb ,10.0–8.0 g/dL Hgb ,8.0 g/dL Life-threatening 
consequences

Thrombocytopenia ,LLN–75,000/mm3 ,75,000–50,000/mm3 ,50,000–25,000/mm3 ,25,000/mm3

Leukopenia ,LLN–3,000/mm3 ,3,000–2,000/mm3 ,2,000–1,000/mm3 ,1,000/mm3

Notes: aInstrumental ADL: preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc. bSelf-care ADL: bathing, dressing and undressing, 
feeding self, using the toilet, taking medications, and not bedridden. Data from US Dept of Health and Human Services, National Institutes of Health, National Cancer 
Institute.81

Abbreviations: HFS, hand–foot syndrome; ADL, activities of daily living; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hgb, hemoglobin value; LLN, low limit 
of normal.
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improve after the first few months of treatment on its own. 

However, ongoing fatigue can be improved with weight-

bearing exercise, and additional attention to nutritional status 

and control of diarrhea is essential.86

Hypertension and other vascular events
The incidence of hypertension in clinical trials varies 

from 30% to 43%.47,56,59,63,64 It tends to appear early during 

the sorafenib treatment and be stable over time. In the 

DECISION study,47 hypertension occurred as a grade 3 

AE in 9.7% of patients and in any patients as a grade 4 

adverse event. Hypertension is the known result of the 

VEGF pathway inhibition and has been seen across MKIs 

that inhibit VEGFR. This results in reduction in nitric oxide 

and prostaglandins levels, a possible increase in endothelin-1 

production, microvascular rarefaction, local thrombosis, and 

other endothelial insults leading to vasoconstriction, and 

an increase in vascular resistance.87 The VEGF blockade 

also limits lymphatic growth in response to salt intake 

causing sodium retention and increase in extracellular fluid 

causing a rightward shift in the chronic pressure–natriuresis 

relationship.87 The management of this condition requires 

blood pressure monitoring weekly or biweekly during the 

first 6 weeks of treatment to instruct the patients in changes in 

lifestyle and to assess other cardiovascular risks.86 The choice 

of the antihypertensive drug should be individualized.87 

No clinical trial comparing different antihypertensive agents 

in patients with DTC under MKI therapy has been published. 

Angiotensin-converting enzyme inhibitors, calcium chan-

nel blockers,87 and beta-blockers86 have been suggested as 

initial therapy.

The VEGF pathway inhibition and consequently the 

vascular damage have been associated with the risk of devel-

oping congestive heart failure,88 proteinuria,89 hemorrhage, 

and cardiac infarction.90 The meta-analysis of Qi et al,90 

including 10,553 patients with cancer treated with VEGFR-

MKIs, showed an incidence of all-grade and high-grade 

congestive heart failure of 3.2% and 1.4%, respectively. On 

the other hand, the incidence of proteinuria was assessed in 

another meta-analysis89 reporting an overall incidence of 

Figure 1 Management recommendations for hand–foot skin reaction.
Notes: Dose level 0: 800 mg, dose level –1: 600 mg, dose level –2: 400 mg, dose level –3: 200 mg. Data from Brose et al.86
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11.6% and 0.9% considering the high-grade cases. However, 

proteinuria was not a common adverse event as reported in 

the DECISION study and, therefore, may be less frequent 

with sorafenib.

Thyroid dysfunction
An adjustment in thyroid hormone in postthyroidectomy 

patients with thyroid carcinoma was required in many patients 

treated with sorafenib. Phase II clinical trials previously 

mentioned with an incidence range between 12% and 76% 

of the respective cohorts.56,59,62,63,65 In the DECISION trial, 

33.3% of patients in the sorafenib arm showed an increase 

in serum thyroid-stimulating hormone.47 The hypothesis for 

this phenomenon includes: 1) a MCT8 inhibition, the most 

prominent thyroid hormone transport protein, leading to an 

impairment of the levothyroixine absorption in the intestine91 

and/or reducing the pituitary and hypothalamic thyroid 

hormone feedback,91 2) an enhancement in peripheral T4 and 

T3 metabolism due to increase in deiodinase 3 activity,92 and 

3) a reduction in thyroid-stimulating hormone clearance.93 

A destruction of the thyroid gland due to capillary dysfunc-

tion related with VEGFR inhibition has been described,94 but 

it only applies for patients treated with sorafenib for other 

neoplasias such as hepatocarcinoma or renal cell carcinoma 

who conserved the thyroid. Transient hyperthyroidism has 

also been reported in this group of patients.94

Hematologic toxicities
Since VEGFR, FLT-3, and c-kit are expressed in hematopoi-

etic precursors, bone marrow toxicity is expected when 

using MKIs. Schutz et al,95 in a meta-analysis for patients 

with nonthyroid cancer treated with sorafenib, reported an 

all-grade anemia, neutropenia, thrombocytopenia, and lym-

phopenia incidence of 43.9%, 18.0%, 25.3%, and 34.1%, 

respectively. The incidences of high-grade anemia, neu-

tropenia, thrombocytopenia, and lymphopenia were 2.0%, 

5.1%, 4.0%, and 13.1%, respectively.95 Alterations in blood 

cell count were described in Phase II and III clinical trials: 

anemia (range 25%–38%),59,63,64 thrombocytopenia (range 

10%–29%),59,63,64 lymphocytopenia (14%), and neutropenia 

(33%).64 In all cases, these adverse events were grade 1 or 2 

with the exception of one case of febrile neutropenia65 and 

one case of grade $3 thrombocytopenia reported in the study 

of Lam et al.64 Pitoia et al96 have recently published one 

clinical case of grade 3 thrombocytopenia, which was solved 

by dose reduction of sorafenib. Other alterations in serum 

chemistry such as hypocalcemia (range 18.8%–57%),47,59,63,64 

which is more frequent and severe in patients with thyroid 

cancer probably due to the presence of hypoparathyroidism, 

and elevated transaminases levels have been reported.47,59,64

Interpretation of studies and future 
directions
Phase II trials of several MKIs showed antitumor activity and 

delayed cancer progression in patients with DTC refractory 

to RAI. These data led to study sorafenib in a multicenter 

randomized double-blind placebo-controlled Phase III trial 

(DECISION).47 In addition to being the first Phase III trial 

completed and reported in patients with DTC, the trial demon-

strated improved PFS and overall response rate. The toxicity 

was increased compared to placebo, health-related quality of 

life was slightly reduced, and OS benefit was not proven.47

Although the types of AEs observed with sorafenib were 

similar to those seen in other cancers, a higher proportion of 

patients with DTC had more severe grades of toxicity. The 

unequivocal antitumor effects, the safety of the drug, and 

lack of treatment options for patients with DTC refractory 

to RAI support the clinical use of sorafenib.

Future directions will likely include approaches with 

combination therapy for patients with RAI-refractory thy-

roid cancer at earlier time points or for those patients who 

have become resistant to sorafenib. While international 

guidelines currently suggest to stop RAI administration in 

patients with metastatic disease and a cumulative activity of 

600 mCi 131I,4 new published evidence suggests that pretreat-

ment with redifferentiating agents such as selumetinib or 

drabrafenib might reinduce RAI uptake in patients, and PR 

to treatment could be observed in two-thirds of those respon-

dent subjects.25,97 Although these are very preliminary data, 

when new Phase III trials with these drugs are available, we 

could be thinking of different steps to manage patients with 

RAI-resistant advanced DTC, taking as first step the indica-

tion of redifferentiating agents, and when no RAI uptake is 

reinduced or no response to treatment according to RECIST 

1.1 criteria is observed, move to a second step of treatment 

where sorafenib or lenvatinib, followed by sequential MKIs 

or combinations of drugs, depending on the personal experi-

ence and availability in each region.

Conclusion
Not long ago, there were no effective approved treatments 

for patients with RAI-refractory progressive DTC. Sorafenib 

is the first MKI approved for the treatment of these patients, 

and it has shown its efficacy against DTC in numerous clini-

cal trials, resulting mainly in disease stabilization. Over the 

past few years, we have made great strides in the optimal use 
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of sorafenib as well as other MKIs for the treatment of our 

patients. Together, these new agents will surely result in a 

more individualized approach in patients with RAI-resistant 

DTC, which will improve their prognosis and may in time 

be shown to increase the OS.
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