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Introduction
Thyroid cancer is the most common endocrine 
malignancy and its incidence has continuously 
increased worldwide over the past three decades 
[Pellegriti et al. 2013]. In the last 10 years, thy-
roid cancer cases have been rising on average 
6.4% each year in the United States, with death 
rates rising on average 0.9% each year [National 
Cancer Institute Surveillance, Epidemiology, and 
End Results  program (NCI SEER) stat fact 
sheet: http://seer.cancer.gov/statfacts/html/thyro.
html]. Differentiated thyroid cancer (DTC) 
accounts for over 90% of all thyroid cancers 
(NCI SEER cancer statistics review: http://seer.
cancer.gov/csr/1975_2010/results_merged/
sect_26_thyroid.pdf).

The current treatment for DTC involves thyroid-
ectomy with suppression of thyroid-stimulating 
hormone (TSH) using levothyroxine [Cooper 
et  al. 2009; NCCN, 2013]. Radioactive iodine 
(RAI) is often administered postoperatively to 
ablate remaining thyroid tissue, eliminate any sus-
pected micrometastases, or eliminate recurrent 
disease [Cooper et  al. 2009; Colevas and Shah, 

2012; NCCN, 2013]. In some cases, external 
beam radiation therapy (EBRT) may be employed 
in the adjuvant setting or for bone or brain metas-
tases [Cooper et  al. 2009; Colevas et  al. 2012; 
NCCN, 2013]. For most patients with DTC, 
these treatments are highly effective and the 
5-year relative survival rates are 83–98% in 
patients under 80 years old, depending on the 
patient’s age and histologic subgroup [Hundahl 
et al. 1998].

Because thyroid gland absorption of iodine con-
centrates exposure to the tumor site, RAI therapy 
is one of the cornerstones in the management of 
DTC following surgery; 5–15% of patients, how-
ever, become refractory to RAI [Sciuto et  al. 
2009; Pacini and Castagna, 2012; Xing et  al. 
2013; Amin et  al. 2014] and the prognosis for 
these patients is poor. The 5-year disease-specific 
survival rate in DTC that is RAI nonavid is 66% 
[Nixon et al. 2012] and the 10-year survival rate 
is only 10% [Durante et al. 2006; Robbins et al. 
2006]. A combination of studies appears to sup-
port the notion that survival for patients with 
RAI-refractory DTC and distant metastases is 
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around 2.5–3.5 years [Durante et  al. 2006; 
Robbins et al. 2006].

Until recently, few treatment options have been 
available for patients with RAI-refractory DTC. 
Standard chemotherapy has yielded disappoint-
ing response rates and significant toxicity 
[Shimaoka et  al. 1985; Matuszczyk et  al. 2008; 
NCCN, 2013]. With the introduction of targeted 
systemic therapies, the outlook for these patients 
is dramatically changing. Here we review targeted 
therapies for RAI-refractory DTC and provide 
perspectives on optimizing their use.

Targeted systemic therapies for RAI-
refractory thyroid cancer
Systemic therapies represent an important treat-
ment option for differentiated thyroid tumors that 
are nonresectable, not responsive to RAI, and not 
amenable to EBRT. Based on a study of 30 patients 
published in 1974 [Gottlieb and Hill, 1974; 
Colevas and Shah, 2012], doxorubicin became the 
only US Food and Drug Administration approved 
agent for patients with metastatic DTC and was 
thus considered the standard of care. Subsequent 
studies using doxorubicin have demonstrated dis-
appointing response data and considerable toxic-
ity [Shimaoka et  al. 1985; Droz et  al. 1990; 
Matuszczyk et al. 2008].

Over the past couple of decades, improved under-
standing of oncogenic pathways has enabled the 
development of targeted therapies with very 
promising efficacy in many tumor types. Targeted 
therapies for RAI-refractory DTC, in particular, 
act primarily through two mechanisms of action: 
inhibition of angiogenesis, and inhibition of cell 
proliferation and survival.

Inhibition of angiogenesis is an effective tool since 
thyroid tumors are highly vascularized and 
depend on vascularization for provision of nutri-
ents and oxygen for tumor growth. Vascular 
endothelial growth factor (VEGF) is a major 
driver of tumor vascularization and has been 
associated with larger tumor size and poorer 
prognosis in DTC [Bunone et  al. 1999; Klein 
et  al. 2001]. Platelet-derived growth factor 
(PDGF) is another growth factor whose activity 
complements that of VEGF in vessel formation 
(reviewed by Homsi and colleagues) [Homsi and 
Daud, 2007]. Many of the targeted therapies are 
multikinase inhibitors that inhibit VEGF or 
PDGF (often along with other targets) and act, at 

least in part, through deprivation of the tumor 
vascular supply.

The mitogen-activated protein kinase (MAPK)/
ERK and phosphoinositide 3 kinase/AKT path-
ways are also key regulators of cell proliferation and 
survival. Mutations in and abnormal activation of 
genes encoding constituents of these pathways are 
prevalent in DTC [Santoro et  al. 1992; Kimura 
et al. 2003; Wang et al. 2007]. A variety of targeted 
therapies inhibit the active mechanisms driving 
these paths, or they inhibit their upstream activa-
tion (reviewed by Saez and Sacks and Braunstein) 
[Saez, 2013; Sacks and Braunstein, 2013].

The most extensively evaluated targeted systemic 
agents for DTC are sorafenib and lenvatinib 
(Table 1). Sorafenib is a multikinase inhibitor that 
inhibits RAF, VEGF receptors (VEGFR)1–3, 
PDGF receptor (PDGFR), and RET (reviewed 
by Wilhelm and colleagues) [Wilhelm et al. 2008]. 
Clinical evidence suggests that sorafenib blocks 
thyroid cancer growth through both antiprolifera-
tive and antiangiogenic mechanisms [Kloos et al. 
2009]. Lenvatinib inhibits VEGFR1–3, fibroblast 
growth factor receptors 1–4, RET, c-KIT, and 
PDGFRβ [Matsui et  al. 2008; Okamoto et  al. 
2013].

Sorafenib is the first targeted systemic agent to 
demonstrate benefit in RAI-refractory thyroid 
cancer and was recently approved for the treat-
ment of locally recurrent or metastatic, progres-
sive, differentiated thyroid carcinoma refractory 
to RAI treatment [US Food and Drug 
Administration, 2013]. It is an established agent 
that is also used in the treatment of advanced 
renal cell carcinoma (approved in 2005) and 
unresectable hepatocellular carcinoma (HCC; 
approved in 2007). The safety and efficacy of 
sorafenib in metastatic, RAI-refractory DTC are 
supported by multiple phase II trials including 
over 150 patients (Table 1) [Gupta-Abramson 
et al. 2008; Hoftijzer et al. 2009; Kloos et al. 2009; 
Ahmed et  al. 2011; Keefe et  al. 2011; Sherman 
et  al. 2011; Schneider et  al. 2012; Brose et  al. 
2013b; Bayer Healthcare Pharmaceuticals, 2013] 
[ClinicalTrials.gov identifier: NCT01761266] 
and a recent phase II trial, DECISION (Study of 
Sorafenib in Locally Advanced or Metastatic 
Patients with RAI Refractory Thyroid Cancer), 
completed in 2013 [Brose et al. 2013b].

In DECISION (N = 417), the median progression-
free survival (PFS) was 10.8 months [95% 
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Table 1.  Phase II and phase III trials of lenvatinib and sorafenib for RAI-refractory DTC.

Drug Phase Study population N Main outcomes Reference

Lenvatinib III Patients with RAI-refractory DTC 
with radiographic evidence of 
disease progression within the 
prior 12 months

392 Estimated completion date 
February 2015

[ClinicalTrials.
gov identifier: 
NCT01761266]

  II Patients with advanced, RAI-
refractory DTC and disease 
progression during the prior 12 
months

58 PR: 50% (n = 29) [Sherman et al. 
2011]  SD: NR

  mPFS: 12.6 months  

Sorafenib III Patients with locally advanced/
metastatic RAI-refractory 
DTC with evidence of disease 
progression within prior 14 
months (RECIST)

417 mPFS: [Brose et al. 
2013b; Bayer 
Healthcare 
Pharmaceuticals]

  Sorafenib, 10.8 months (95% CI 
9.1–12.9)

  Placebo, 5.8 months (95% CI 
5.3–7.8) p < 0.001

  DCR (CR + PR + SD ≥6 months):  
  Sorafenib, 54% (n = 106)  
  Placebo, 34% (n = 68) p < 0.0001  
  II Patients with metastatic or 

unresectable thyroid cancer for 
which curative measures were 
no longer effective. Evidence of 
disease progression in the prior 
12 months

30 PR: 23% (n = 7) [Gupta-Abramson 
et al. 2008]  SD: 53% (n = 16)*

  mPFS: 84 weeks$

  II Metastatic thyroid cancer 
patients who had experienced 
I-131 therapy failure or were not 
candidates to receive I-131

52‡ PR: 12% (n = 6) [Kloos et al. 2009]
  SD: 65% (n = 34)
  mPFS: PTC (no prior chemo): 

16 months
 

  PTC (prior chemo): 10 months  
  FTC/HTC: 4.5 months  
  II Patients with progressive 

metastases or unresectable local 
recurrence of DTC for which RAI 
therapy was no longer effective

31 PR: 31% (n = 8) [Schneider et al. 
2012]  SD: 12% (n = 3)

  mPFS: 18 months

  II Patients with progressive locally 
advanced/metastatic MTC, or DTC 
with nonradioiodine-avid disease

19§ PR: 18% at 1 year [Ahmed et al. 
2011]  1-year PFS: 68%

  II Patients with progressing 
advanced, iodine-refractory 
differentiated TC or PDTC, and 
MTC and ATC

55 PR: 38% (n = 18) [Keefe et al. 2011]
   (47 DTC/

PDTC, 5 
ATC, 3 MTC)

SD: 47% (n = 22)  
  PFS in DTC/PDTC patients: 96 

weeks (95% CI 75.1–135.4)
 

  OS in DTC/PDTC patients: 140.9 
weeks (95% CI 93.9-)

 

  II Patients with progressive 
metastatic or locally advanced 
RAI refractory DTC

31 PR: 25% (n = 8)
SD: 34% (n = 11)
PFS: 58 weeks (95% CI 47–68)

[Hoftijzer et al. 
2009] 

   

*Includes one patient with MTC who had SD.
$Median PFS for patients with DTC.
‡Excludes four patients with ATC.
§Data reported for 19 patients with DTC.
ATC, anaplastic thyroid cancer; CI, confidence interval; CR, complete response; DCR, disease control rate; DTC, differentiated thyroid cancer; FTC, 
follicular thyroid cancer; HTC, Hürthle cell thyroid cancer; mPFS, median progression-free survival; MTC, medullary thyroid cancer; NR, not re-
ported; OS, overall survival; PDTC, poorly differentiated thyroid cancer; PFS, progression-free survival; PR, partial response; PTC, papillary thyroid 
cancer; RAI, radioactive iodine; RECIST, Response Evaluation Criteria In Solid Tumors; SD, stable disease; TC, thyroid cancer.
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confidence interval (CI) 9.1–12.9] in the patients 
treated with sorafenib, and 5.8 months in those 
receiving placebo (95% CI 5.3–7.8) (p < 0.001), 
a 5-month improvement [hazard ratio (HR) 
0.59; 95% CI 0.46–0.76] [Bayer Healthcare 
Pharmaceuticals, 2013]. The disease control rate, 
defined as complete response (CR) rate + partial 
response (PR) rate + stable disease (SD) rate for 
at least 6 months, was 54% in the sorafenib group 
[versus 34% in placebo (p < 0.0001)] [Brose et al. 
2013b], with PRs observed in 12.2% of patients 
[versus 0.5% in the placebo group (p < 0.0001) 
[Brose et  al. 2013b]. Thirty percent of patients 
treated with sorafenib and 75% of those on pla-
cebo received open-label sorafenib at progression 
[Bayer Healthcare Pharmaceuticals, 2013]. Due 
to extensive crossover, a significant difference in 
overall survival (OS) is not anticipated; median 
OS was not reached at the time of data cutoff for 
PFS [Bayer Healthcare Pharmaceuticals, 2013]. 
The safety profile was similar to that observed in 
other disease indications and most adverse events 
were grade 1/2. However, grade 3/4 rash/desqua-
mation occurred in 5% of patients, and grade 3/4 
diarrhea, fatigue, or weight loss occurred in 6% of 
patients [Bayer Healthcare Pharmaceuticals, 
2013]. The incidence of grade 3 hand–foot skin 
reaction (HFSR) (20%), grade 3/4 hypertension 
(10%), and grade ≥3 hypocalcaemia (10%) 
appeared higher than observed in other indica-
tions [Bayer Healthcare Pharmaceuticals, 2013].

Lenvatinib has also demonstrated promising acti
vity for patients with RAI-refractory DTC. In a 
phase II trial, 50% of patients had an objective 
PR, with a median PFS of 12.6 months reported 
(Table 1) [Sherman et al. 2011]. Grade 3 adverse 
events occurring in over 5% of patients included 
diarrhea, fatigue, and proteinuria [Sherman et al. 
2011]. Nine percent of patients experienced 
grade 4 adverse events [Sherman et al. 2011]. In a 
recent multicenter phase III trial,  median PFS 
(95% CI) was 18.7 (16.4-NR) months in len-
vatinib-treated patients vs 3.6 (2.1-5.3) months 
in placebo-treated patients (HR 0.2 [0.14-0.27]) 
[Schlumberger et al. 2014]. 

A number of other agents with overlapping or dis-
tinct target profiles have been tested in phase II tri-
als (Table 2) [Cohen et al. 2008a, 2008b; Pennell 
et al. 2008; Sherman et al. 2008; Bible et al. 2010; 
Carr et  al. 2010; Hayes et  al. 2012; Leboulleux 
et  al. 2012] (reviewed by Sacks and Braunstein, 
and Brose and colleagues) [Sacks and Braunstein, 
2013; Brose et al. 2012], and another randomized 

trial comparing vandetanib with placebo in RAI-
refractory DTC is now accruing patients 
[ClinicalTrials.gov identifier: NCT01876784].

In addition to trials with single-agent targeted sys-
temic therapies, combination strategies are being 
explored. Notably, combination treatment with 
sorafenib and mammalian target of rapamycin 
(mTOR) inhibitors has shown promise. One phase 
II (N = 41) single-arm study [ClinicalTrials.gov 
identifier: NCT01141309] combined sorafenib 
and everolimus in patients with progressive, RAI-
refractory, recurrent/metastatic, nonanaplastic, 
thyroid cancer. PRs were observed in 19 (53%) 
and SD in 15 (42%) of 36 eligible patients. Among 
the 19 patients with DTC in this study, PRs were 
observed in 11 (58%) and SD in 7 (37%) [Sherman 
et  al. 2013]. A second phase II single-arm study 
[ClinicalTrials.gov identifier: NCT01263951] is 
examining combination treatment with everolimus 
and sorafenib in patients with metastatic DTC 
whose condition has progressed on sorafenib 
alone. Another mTOR inhibitor, temsirolimus, has 
been evaluated in a phase II (N = 37)  
single-arm study [ClinicalTrials.gov identifier: 
NCT01025453] in patients with progressive recur-
rent/metastatic nonmedullary thyroid cancer. In 
this study, PRs were seen in 8 (22%) (including 
three with anaplastic/poorly differentiated thyroid 
cancer) and SD in 21 (57%) of 37 patients 
[Sherman et  al. 2012]. Finally, the University of 
Chicago Phase II Consortium is exploring the 
combination of lenalidomide with cediranib in 
patients with metastatic RAI-refractory DTC 
[ClinicalTrials.gov identifier: NCT1208051].

Ho and colleagues [Ho et al. 2013] investigated a 
completely different mechanism of action based on 
observations that activated MAPK/ERK signaling 
inhibits expression of thyroid hormone biosynthetic 
genes, including the sodium-iodide symporter and 
thyroid peroxidase, which are important in iodine 
uptake and organification. The MAPK/ERK inhib-
itor, selumetinib, was administered to patients who 
met one or more of the following criteria: a non-
RAI-avid lesion, an RAI-avid metastatic lesion that 
remained stable or progressed despite RAI treat-
ment 6 months or more prior to entry, or fluorode-
oxyglucose (FDG)-avid lesions [ClinicalTrials.gov 
identifier: NCT00970359]. In this single-arm 
study, 12 of 20 (60%) evaluable patients had new 
or increased RAI uptake and 8 (40%) reached the 
dosimetry threshold for radioiodine therapy, sug-
gesting a possible role for selumetinib in restimulat-
ing RAI uptake.
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Outstanding questions in the use of systemic 
agents in RAI-refractory DTC
Despite the profound recent advances in the devel-
opment and use of targeted systemic therapy for 
patients with RAI-refractory DTC, a number of 
important questions persist in the effort to estab-
lish optimal treatment. Given that RAI-refractory 

DTC may present in clinically heterogeneous ways 
based on histology and stage [Sacks and Braunstein, 
2013], some patients may have inherently RAI 
nonavid tumors or may have multiple lesions that 
differentially take up RAI, including those that ini-
tially concentrated RAI, but lose this capability. 
However, certain RAI-avid lesions progress despite 

Table 2.  Additional phase II trials of targeted systemic agents in RAI-refractory DTC.

Drug Study population N* Main outcomes Reference

Axitinib Patients with advanced thyroid 
cancer of any histology for whom 
RAI was not effective or not 
appropriate

45 mPFS: 18.1 months [Cohen et al. 2008b]
  PR: 30% (n = 18)  
  SD: 38% (n = 23)  

Gefitinib Patients with locally advanced or 
metastatic RAI-refractory DTC or 
medullary or anaplastic TC

25 mPFS: 3.7 months [Pennell et al. 2008]
  mOS: 17.5 months  
  PR: 0  
  SD$: 12% (n = 3)  
Motesanib Patients with locally advanced or 

metastatic DTC with evidence of 
progression in prior 6 months that is 
not amenable to EBRT, resection or 
is RAI-refractory

93 mPFS: 40 weeks [Sherman et al. 2008]
  PR: 14% (n = 13)  
  SD: 67% (n = 62)  

Pazopanib Patients with RAI-refractory DTC 
with progression in prior 6 months

37 mPFS: 11.7 months [Bible et al. 2010]
  PR: 49% (n = 18)  
Selumetinib Patients with RAI-refractory PDTC 

and documented progression within 
the prior 12 months

32 mPFS: 32 weeks‡ [Hayes et al. 2012]
  PR: 3% (n = 1)  
  SD: 66% (n = 21)  
Sunitinib Patients with DTC or MTC refractory 

to curative treatment with evidence 
of progression in prior 6 months

31 PR: 13% (n = 4) [Cohen et al. 2008a]
  SD: 68% (n = 21)  

  Patients with metastatic RAI-
refractory WDTC or MTC and 
evidence of FDG-PET uptake

33 (26 DTC, 7 MTC) CR: 3% (n = 1) [Carr et al. 2010]
  PR: 28% (n = 10)  
  SD: 46% (n = 16)  
Vandetanib Patients with locally advanced 

or metastatic DTC or poorly 
differentiated DTC without an 
anaplastic component

VAN: 72
PLC: 73

mPFS VAN: 11.1 months
mPFS PLC: 5.9 months
PR VAN: 8% (n = 6)
PR PLC: 5% (n = 4)

[Leboulleux et al. 2012]
   
   

Vemurafenib Patients with metastatic or 
unresectable RAI-refractory 
papillary thyroid cancer positive for 
the BRAF V600 mutation

51 VEGFR inhibitor naïve 
patients
mPFS: 15.6 mo
PR: 35% (n=9)
SD: 23 (n=6)
VEGF inhibitor 
pretreated patients
mPFS: 6.3 mo
PR: 29% (n=6)
SD: 10 (n=2)

[Brose et al. 2013a]

*Patients eligible for response assessment.
$SD after 12 months of treatment.
‡Includes all patients.
CR, complete response; DTC, differentiated thyroid cancer; EBRT, external beam radiation therapy; FDG-PET, fluorodeoxyglucose positron emis-
sion tomography; mOS, median overall survival; mPFS, median progression-free survival; MTC, medullary thyroid cancer; PLC, placebo; PDTC, 
poorly differentiated thyroid cancer; PR, partial response; RAI, radioactive iodine; SD, stable disease; TC, thyroid cancer; VAN, vandetanib; WDTC, 
well differentiated thyroid cancer.
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significant uptake of RAI (i.e. they are resistant), 
and some RAI-avid lesions do not progress, but 
they are not curable despite multiple courses of 
RAI treatment. Due to this vast heterogeneity, it is 
difficult to define RAI-refractory disease. However, 
it is important to recognize when a patient is no 
longer deriving benefit from RAI because repeated 
futile treatments are expensive, create undo mor-
bidity, and may unnecessarily delay initiation of 
potentially beneficial systemic agents. Furthermore, 
prolonged exposure to radioactive agents may be 
associated with increased risk of secondary cancers 
and leukemia [Ahmed et  al. 2011]. In the 
DECISION trial, RAI-refractory disease was 
defined as the presence of at least one of the fol-
lowing factors: at least one lesion that does not take 
up I-131, clinical evidence that I-131 is no longer 
providing benefit, or a cumulative dose of over 600 
millicuries (mCi) of RAI [Brose et al. 2011, 2013b].

Once a patient’s tumor is deemed refractory to 
RAI treatment, a decision must be made as to 
whether and when to treat with a systemic agent. 
Since most patients with RAI-refractory tumors 
are initially asymptomatic, many do not require 
immediate treatment. For example, in the 
DECISION trial, 17% of placebo-treated patients 
had a PFS longer than 1 year (M. Brose, personal 
communication). Additionally, in one series of 
patients, whose tumors were FDG nonavid upon 
positron emission tomography (PET) imaging, 
the median survival was 41 months without sys-
temic therapy [Schreinemakers et  al. 2012]. 
Hence, the decision to treat should be based on a 
combination of factors, including tumor size and 
growth rate, symptoms, and tumor location. In 
September 2012, an expert panel met to propose 
a working definition for RAI-refractory disease 
and devise a treatment algorithm [Schlumberger 
et  al. 2014]. The considerations for initiation of 
systemic treatment in my practice are concordant 
with those outlined by this group. Patients with 
large, bulky tumors (>3 cm) or those with multi-
ple tumors greater than 1–2 cm in size that are 
rapidly progressing (progression within <12 
months) should be considered for treatment with 
a systemic agent. In contrast, patients with smaller 
tumors (<1 cm) or small tumor burdens with only 
a few scattered lesions that are slow to progress 
(i.e. have not progressed over 12–14 months) 
rarely require immediate systemic treatment. 
Such patients should be carefully observed via 
imaging every 3–12 months. For patients with 
smaller tumors that are progressing rapidly (dou-
bling time <6–12 months) or those who have 

large tumors that are progressing slowly (dou-
bling >12 months), the decision is less clear and 
may depend largely on such factors as symptoms, 
tumor location, performance status, and patient 
preference. If the disease is isolated to one par-
ticular location (i.e. a solitary liver or bone lesion), 
treatment with an isolated modality, such as 
EBRT or radio frequency ablation, may be 
attempted prior to initiation of systemic therapy. 
Whether lesions take up FDG may also be con-
sidered since its uptake is associated with poorer 
tumor differentiation [Feine et  al. 1996] and 
resistance to RAI [Feine et al. 1996; Wang et al. 
2001], and is thus indicative of poor prognosis 
[Robbins et al. 2006]. Finally, it is important to 
note that an expert panel recently recommended 
that progressive disease should be defined by 
growth of lesions using Response Evaluation 
Criteria In Solid Tumors (RECIST) rather than 
relying solely on an increase in tumor markers 
(e.g. thyroglobulin) [Brose et al. 2012].

Case studies
The following case studies provide illustrative 
examples of patients falling into the above-
mentioned categories.

Patients with large tumors or multiple tumors 
with rapid doubling time
M.C. is a 64-year-old man with a history of T3, 
N1, M0 papillary thyroid carcinoma, who initially 
underwent total thyroidectomy with bilateral 
selective neck dissections (levels II–IV). His 
pathology revealed extrathyroidal extension with 
positive anterior and posterior margins as well as 
4 out of 64 positive nodes. He underwent trache-
ostomy for presumed bilateral vocal cord paralysis 
and anticipated failure to wean from the ventila-
tor. He was adequately suppressed with levothy-
roxine and an I-131 scan was performed and was 
negative for uptake, suggesting RAI-refractory 
disease. He then underwent adjuvant intensity-
modulated radiation therapy. Eighteen months 
later, he presented with complaints of neck pain. 
Computed tomography (CT)/ PET scans were 
performed and revealed intense FDG uptake in 
the anterior neck as well as multiple pulmonary 
nodules. A repeat I-131 scan was negative for 
uptake. A CT-guided core lung biopsy was per-
formed 1 month later and his pathology was posi-
tive for metastatic papillary thyroid cancer. He 
then developed a persistent cough and follow-up 
imaging 6 weeks later demonstrated doubling of 
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his lung nodules. The patient was enrolled on the 
DECISION trial [ClinicalTrials.gov identifier: 
NCT00984282]. His disease continued to pro-
gress following 2 months of therapy, and he was 
found to be on the placebo arm, upon unblinding. 
M.C. opted for treatment with sorafenib. 
Following 8 weeks of therapy, his target lesions 
were reduced by over 10%, and his symptoms of 
cough markedly improved.

Patients with small or few tumors and a slow 
doubling time
C.B. is a 57-year-old woman with a history of T2, 
N0, MX papillary thyroid cancer (tall cell vari-
ant). She underwent total thyroidectomy and her 
postsurgical I-131 scan was negative, indicating 
RAI-refractory disease. A CT scan of the lung 
showed three small nodules that were too small to 
biopsy. Eight years after surgery, she developed 
lower neck discomfort. An ultrasound of the right 
neck was performed, which revealed a mass in her 
right peritracheal space, including three pulmo-
nary nodules. A fine needle aspiration was com-
pleted and her pathology was positive for 
metastatic papillary thyroid carcinoma. A follow-
up CT of the neck revealed a 2.6 × 2.0 × 0.4 cm3 
lesion in the anterior neck with bilateral level II 
lymph nodes. She then underwent a resection of 
this mass as well as central neck dissection. Her 
pathology revealed a positive margin along the 
right recurrent laryngeal nerve as well as the ante-
rior and lateral tracheal surface; 0 out of 11 lymph 
nodes were involved. A repeat PET scan revealed 
residual disease in her neck as well as three pul-
monary nodules. She received adjuvant radiation 
to the neck. Ongoing surveillance imaging at 
6-month intervals demonstrates no change in the 
size of her three pulmonary nodules and no new 
nodules. Due to the small and nonaggressive 
nature of this patient’s tumor, low tumor burden, 
and her lack of symptoms, systemic therapy is not 
currently contemplated.

Patients with small or few tumors and a rapid 
doubling time
C.M. is a 53-year-old woman with a history of T3, 
N1a, M1 follicular thyroid cancer involving her 
right iliac crest and two pulmonary lung lesions. 
She underwent total thyroidectomy and four RAI 
treatments (total cumulative dosage of 930 mCi). 
Her disease was stable for 4 years, after which CT 
imaging revealed two enlarged level II lymph 
nodes. PET imaging demonstrated FDG-avid 

lesions in her iliac crest and her neck. A biopsy of 
her neck nodes revealed metastatic follicular 
thyroid cancer, which may be considered RAI 
refractory owing to prior treatment with a cumu-
lative dose of over 600 mCi I-131. She underwent 
EBRT to her right iliac crest. Follow-up imaging 
2 months later demonstrated doubling of her 
chest disease (from 5 to 11 mm) and small 
progression of the lymph nodes in her neck. 
Following a discussion with this patient, she 
elected to start systemic treatment, given her his-
tology of follicular thyroid cancer involving her 
bone. She was enrolled in the DECISION trial 
[ClinicalTrials.gov identifier: NCT00984282] 
and within 8 weeks showed marked improvement 
in her right hip pain. Imaging revealed near reso-
lution of her lung metastases and stabilization of 
her boney lesions.

Patients with large tumors and slow doubling 
time
C.F. is a 64-year-old man with a history of T2, N2, 
M1 papillary thyroid cancer with extensive meta-
static disease to the neck, mediastinum, axillary 
lymph nodes, lung, and spine. Initially, he under-
went total thyroidectomy, followed by postopera-
tive EBRT (31 Gy) to his neck. An I-131 scan 
demonstrated extensive uptake in his lungs, spine 
and lymph nodes. He then received RAI therapy 
using 200 mCi of I-131. CT imaging demon-
strated SD for 2 years. He then developed disease 
progression in his left neck, left thyroid bed, and 
thoracic inlet causing displacement and narrowing 
of the trachea. After levothyroxine withdrawal, an 
I-131 thyroid scan showed an iodine-avid compo-
nent of his metastatic disease, and 353 mCi of 
I-131 was administered. The patient’s thyroglobu-
lin level decreased from 3434 pretherapy to 1587 
post-treatment. Six months later, his thyroglobu-
lin rose to 2546. Repeat imaging revealed a slight 
increase in the size of his left thyroid bed mass 
with stable lung and bone lesions. A repeat I-131 
scan was negative for uptake, and an FDG-PET 
scan was positive, consistent with RAI-refractory 
disease. He continues to remain asymptomatic, 
and repeat imaging of his neck and chest every 3 
months demonstrates SD defined by RECIST cri-
teria. It should be noted that the value of repeat 
PET scan in this setting is a matter of debate since 
it may not be cost-effective in patients whose 
tumors are known to be RAI refractory. A discus-
sion of treatment either on clinical trial or with 
sorafenib has been discussed, given the extent of 
his tumor burden. He elected to remain without 
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therapy with very close monitoring because of 
concerns related to side effects. The patient noted 
that he would reconsider systemic treatments once 
he develops symptoms.

Supportive care and management of side 
effects in patients receiving targeted 
systemic therapy
Targeted systemic agents may have significant 
side effects. To avoid premature or unnecessary 
withdrawal from treatment, thus depriving 
patients of the potential for life-prolonging bene-
fits, side effects should be proactively and aggres-
sively managed. In the phase II trial of lenvatinib, 
35% of patients required a dose reduction for 
management of toxicity, and 23% were with
drawn from therapy due to adverse events. In 
DECISION, 14% of sorafenib-treated patients 
discontinued due to drug-related adverse events 
compared with 1% in the placebo group [Bayer 
Healthcare Pharmaceuticals, 2013].

Because multikinase inhibitors have been used 
for more than 9 years in other disease indica-
tions, practitioners have gained considerable 
experience in the management of associated 
adverse events [Brose et  al. 2014; Walko and 
Grande, 2014]. One of the most common side 
effects is HFSR [Chu et al. 2008; Lacouture et al. 
2008; Bellmunt et al. 2011], which usually occurs 
within the first 45 days of therapy [Grandinetti 
and Goldspiel, 2007; Lacouture et  al. 2008]. 
Recommendations to prevent and reduce HFSR 
signs and symptoms include avoiding exposure to 
hot water and excessive friction on the skin or 
pressure on the feet. Calluses should be con-
trolled by avoiding pressure points and using 
well-padded footwear and insole cushions 
[Lacouture et  al. 2008; Bellmunt et  al. 2011; 
Brose et  al. 2014; Schlumberger et  al. 2014]. 
Foot soaks with tepid water and Epsom salts may 
also be useful. Regular use of topical agents is 
recommended [Lacouture et al. 2008; Bellmunt 
et al. 2011]. A large randomized, controlled phase 
II study (N = 868) of patients with HCC treated 
with sorafenib demonstrated that prophylaxis 
with urea-based cream over a 12-week period sig-
nificantly reduced the incidence of all grades of 
HFSR compared with best supportive care in 
patients treated with sorafenib (56% versus 74%; 
p < 0.0001) [Lacouture et  al. 2008; Ren et  al. 
2012]. In another study of patients with HCC 
receiving sorafenib, use of a corticosteroid oint-
ment significantly improved HFSR score, and 

the need for treatment modifications was reduced 
[Lu et al. 2013]. Wearing cotton gloves and socks 
at night may prevent further injury and help 
retain moisture [Lacouture et al. 2008; Bellmunt 
et al. 2011]. For pain control, clinicians may con-
sider topical analgesics such as 2% lidocaine 
[Lacouture et al. 2008], or oral codeine, pregaba-
lin, or an anti-inflammatory such as ibuprofen 
[Walko and Grande, 2014]. Temporary dose 
reductions, and even interruptions, may be con-
sidered for moderate or severe cases [Lacouture 
et  al. 2008; Bellmunt et  al. 2011]. In the 
DECISION trial, initial dose reductions from 
400 mg twice daily to 600 mg once daily were 
used to manage toxicities.

Other common side effects include diarrhea, 
fatigue, anorexia/loss of appetite with weight loss, 
and hypertension. A recent meta-analysis of 15 
phase II and three phase III randomized con-
trolled trials comprising patients with various 
tumor types demonstrated that the incidence of 
all-grade fatigue was 27% (95% CI 25%–29%) in 
patients treated with sorafenib. No significant dif-
ferences were observed among tumor types. The 
best empirically supported intervention for 
cancer-related fatigue is exercise, particularly aer-
obic exercise such as walking and cycling. In a 
meta-analysis of 56 studies (4068 participants), 
exercise was observed to be statistically more 
effective than any control intervention (standard-
ized mean difference −0.27, 95% CI −0.37 to 
−0.17) [Cramp and Byron-Daniel, 2012]. 
Stimulants such as methylphenidate or dexmeth-
ylphenidate may be used, although there is lim-
ited evidence that these are beneficial (reviewed 
by Mitchell) [Mitchell, 2010]. Sorafenib-related 
fatigue is likely to resolve after approximately 6 
months of treatment without additional interven-
tion or dose adjustment [Brose et  al. 2014]. 
Additional approaches to managing sorafenib-
related fatigue are reviewed by Brose and col-
leagues [Brose et al. 2014] and Walko and Grande 
[Walko and Grande, 2014] and general guidelines 
for managing cancer-related fatigue are provided 
by the National Comprehensive Cancer Network 
[NCCN, 2014]. In many cases, diarrhea can be 
managed with over-the-counter agents such as 
loperamide [Brose et  al. 2014]. Maintaining 
hydration is critical as dehydration may contrib-
ute to fatigue [Walko and Grande, 2014]. For 
weight loss and loss of appetite, data suggest that 
appetite stimulants such as megestrol acetate or 
dronabinol have benefit in patients with cancer 
[Loprinzi et  al. 1993; Jatoi et  al. 2002; Pascual 
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Lopez et  al. 2004; Chow et  al. 2011]. Frequent 
monitoring of blood pressure is important, par-
ticularly in the first 6 weeks of treatment [Brose 
et  al. 2014; Walko and Grande, 2014]. In the 
DECISION trial, hypertension usually occurred 
early in the course of sorafenib treatment and was 
managed with standard antihypertensive therapy 
[Bayer Healthcare Pharmaceuticals, 2013]

Tyrosine kinase inhibitors may interfere with 
exogenous thyroid suppression; in DECISION, 
elevation of TSH level above 0.5 mU/liter was 
observed in 41% of patients treated with sorafenib 
compared with 16% of those on placebo. Monthly 
TSH monitoring should continue while patients 
are being treated with sorafenib for thyroid can-
cer, and thyroid replacement medication should 
be adjusted as needed [Bayer Healthcare 
Pharmaceuticals, 2013].

For patients with metastases to bone, bisphos-
phonate may reduce bone pain, improve perfor-
mance status and have a beneficial impact on 
quality of life [Wexler, 2011]. One published work 
recommends treatment of patients with thyroid 
cancer without pathological fracture twice yearly 
with 4 mg doses of zoledronic acid ad infinitum 
[Wexler, 2011]. It was also recommended that, 
for those who suffer an acute fracture, 4 mg zole-
dronic acid be administered every 3 months for 
the first year and then twice yearly thereafter 
[Wexler, 2011]. This regimen differs from what is 
typically used in other solid tumors, because 
patients with DTC may live many years, and rep-
resents a compromise between the potential 
advantages of intravenous bisphosphonate and 
potential adverse effects, such as atypical femoral 
shaft fractures and osteonecrosis of the jaw 
[Wexler, 2011].

Figure 1.  Management of RAI-refractory differentiated thyroid cancer. Cumulative activity RAI administered to 
be based on individualized patient presentation and risk assessment. FDG-PET, fluorodeoxyglucose positron 
emission tomography; RAI, radioactive iodine; RECIST, Response Evaluation Criteria In Solid Tumors; SUV, 
standardized uptake value on PET scan. Figure adapted with permission from Schlumberger et al. [2014].
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Conclusion
The advent of targeted systemic therapies repre-
sents a major advance for patients with RAI-
refractory DTC, a disease for which there were 
previously few treatment options. The recent 
approval of sorafenib and the recent completion of 
the phase III trial of lenvatinib in these patients 
foretell the possibility of more widespread use of 
these agents in the community. However, research-
ers and practitioners are still learning how best to 
use targeted therapies in DTC, particularly in 
determining who to treat (i.e. recognizing RAI-
refractory disease) and when to initiate treatment. 
In my practice, patients with large tumors or mul-
tiple tumors with rapid progression are considered 
for treatment with a targeted systemic agent. For 
patients with smaller tumors that are progressing 
rapidly or those who have large tumors that are 
progressing slowly, tumor location, the presence of 
symptoms, and the patient’s performance status 
are additional factors that must be considered and 
discussed with the patient prior to initiating ther-
apy. Diligent management of side effects is essen-
tial to avoid premature or unnecessary withdrawal 
from treatment. Most adverse events occur early 
in the course of treatment and can be easily and 
effectively managed. As new systemic agents 
become available, it will be important to maintain 
an awareness of the differences in response and 
adverse effect profiles of each agent. As a conse-
quence, patient management may differ, at least to 
some extent, for each targeted agent.
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