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Learning Objectives Discuss the response rate, median PFS, and adverse events associated with sorafenib therapy for
metastatic thyroid cancers.

ABSTRACT

Background. Sorafenib was recently approved by the U.S.
Food and Drug Administration for radioiodine-resistant
metastatic differentiated thyroid cancer (DTC). In addition,
two drugs (vandetanib and cabozantinib) have received U.S.
Food and Drug Administration approval for use in medullary
thyroid cancer (MTC). Several published phase II trials have
investigated the efficacy of sorafenib in thyroid cancers, but to
date, results from those studies have not been compared.
Methods. A systematic reviewof the literaturewas performed
to assess response rate, median progression-free survival, and
adverse events associatedwith sorafenib therapy formetastatic
thyroid cancers.
Results. This review includedseventrials involving219patients:
159 with DTC (papillary, follicular, and poorly differentiated),
52 with MTC, and 8 with anaplastic thyroid cancer. No study
reported complete responses to treatment. Overall partial

response, stable disease, and progressive disease rates were
21%, 60%, and 20%, respectively. The median progression-free
survival was 18 months for patients with all subtypes of thyroid
cancer. Drug was discontinued in 16% of patients because of
toxicities or intolerance, and the dose was reduced in a further
56%. Side effects with an incidence $50% were hand-foot
syndrome (74%), diarrhea (70%), skin rash (67%), fatigue (61%),
andweight loss (57%). Deaths not related to progressive disease
occurred in nearly 4% of patients.
Conclusion.Treatment with sorafenib in patients with pro-
gressive DTC andMTC is a promising strategy, but the adverse
event rate is high, leading to a high rate of dose reduction or
discontinuation. Consequently, sorafenib use in patients with
metastatic thyroidcancer requires careful selectionofpatients
and careful management of side effects.The Oncologist 2014;
19:251–258

Implications for Practice: This meta-analysis of 219 patients treated with sorafenib for metastatic thyroid cancers demonstrated
that81%ofpatientshadeitherpartial responseor stabledisease, andnonehadacomplete response.Thepartial response ratewas
best formedullary thyroid cancer, followed by differentiated thyroid cancer. Responses in anaplastic thyroid cancer were low.The
overall median progression-free survival was 18 months for all histologies. There were significant dose reductions and
discontinuationsas a result of toxicities,whichneed tobeconsideredwhen treatingpatientswhomayotherwisebeasymptomatic
and have reasonable overall survival.

INTRODUCTION

In general, the prognosis ofdifferentiated thyroid cancer (DTC;
papillary, follicular, and poorly differentiated) and medullary
thyroid cancer (MTC) is quite good, owing to these cancers’
indolent course and the efficacy of standard treatment.
However, patients who present with metastatic MTC have
a median overall survival (OS) of only 3 years [1], and nearly
50% of patients with metastatic radioactive iodine (RAI)-
refractory DTCs will die of the disease.The 10-year median OS
of patients with distant metastasis is reported to be 25%–42%
[2, 3]. Overall, 9%of all thyroid cancer patientswill succumb to
their disease [4]. Response rates to cytotoxic chemotherapeu-
tic drugs are poor and short lived and, thus, are no longer the

standard of care [5]. Sorafenib was recently approved for
patients with RAI-resistant distant metastses and are part
of the National Comprehensive Cancer Network and the
American Thyroid Association guidelines [2, 6]. Recently, two
drugs—vandetanibandcabozantinib—havebeenapprovedby
the FDA for metastatic or unresectable progressive MTC.
Vandetanib is a RET, EGFR, and VEGFR inhibitor that was
approved in 2011. Cabozantinib is a RET, VEGFR, and MET
inhibitor that was approved in 2012.

Several mutations or gene rearrangements have been
detected in DTC and MTC and lead to activation of the MAPK
and PI3K pathways. Germline mutations in RET are seen in
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virtually all patients with hereditary MTC, whereas somatic
mutations in RET are seen in approximately 50% of patients
with sporadic MTC [7]. RET gene rearrangements also occur
in 5%–30% of papillary thyroid cancers (PTCs) [8–10]. RAS
mutations are seen in approximately 40% of follicular thyroid
cancersand15%ofPTCsandmost recentlyhavebeen identified
in patients with wild-type RET sporadic MTC [11–14]. VEGFR
and platelet-derived growth factor receptor overexpression
also have been identified in these cancers [15].

Sorafenib (Nexavar, BAY 43-9006; Bayer, Leverkusen,
Germany, http://www.bayer.com) is an inhibitor of RET,
VEGFR1, VEGFR2, VEGFR3, Flt3, c-KIT, and wild type and
mutant (V600E) BRAF [16]. Several publishedphase II trials and
open-label studies have examined the efficacy of sorafenib in
metastatic thyroid cancer [16–23]. The studies published thus
far have small sample sizes and grouped different histologies
together.We undertook this review of the published literature
on this topic to assess the efficacy of sorafenib and possibly to
identifyasubsetofpatientsthatmightbenefit fromthis therapy.
Consequently, the aims of this study were to systematically
review the existing literature on this topic and perform ameta-
analysis of the response rates and median progression-free
survival (PFS) of patients treated with sorafenib for metastatic
thyroid cancer and to assess the incidence of various adverse
events attributed to sorafenib in this setting.

MATERIALS AND METHODS

In December 2012, we performed an electronic search of the
PubMed, Embase, and Medline databases using the search
terms “thyroid cancer” and “sorafenib” to identify relevant
literature for the period. Further manual searching of bibliog-
raphies from included studies was also done. The search was
restricted to English-language literature, and attempts were
made to contact the authors for details, clarifications, and any
updates to the status of the studies. Inclusion criteria were
studies of adult patients that included (a) response rates for
which individual patient response with histology could be
identified; (b) treatment initiation with single-agent sorafenib
at 400 mg twice daily; and (c) standard reporting criteria for
response and adverse events. Exclusion criteria were studies
reporting on multiple drugs and case reports, review articles,
phase I trials, and trials involving nonthyroid cancers.

Statistical Analysis
The overall results in the meta-analysis were weighted
averages of study-specific results, with each studyweighted

by sample size. The overall rates for responses, adverse
events, median time of PFS, and 95% confidence intervals
(CIs) were estimated. The forest plot was used to present
median PFS and 95% CI. All analyses were conducted using
SAS version 9.2 (SAS Institute, Inc., Cary, NC, http://www.
sas.com) and S-plus (TIBCO Software Inc., Palo Alto, CA,
http://www.tibco.com) statistical software.

RESULTS

The electronic search returned nine studies, of which eight
met our inclusion criteria. One study (by Chen et al.) was
excluded because of different drug dosing [24]. All papers
used Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.0 for assessing tumor response, and all except one
mention using Common Terminology Criteria for Adverse
Events (CTCAE) version 3 for reporting adverse effects. The
study by Schneider et al. [19] published longer-term data on
the study by Hoftijzer et al. [16], so datawere combined from
bothpapers andanalyzedasone study.All studieswerephase
II trials except for those by Cabanillas et al. [21] andCapdevila
et al. [23], which were retrospective studies. In the study by
Cabanillas et al., data for two patients who had received
sunitinib were removed and results were recalculated. No
specific quality assessment tools were used to grade the
quality of included papers. Three authors (L.T., S.Y.L., M.E.C.)
independently tabulated data from the studies on an Excel
spreadsheet (Microsoft, Redmond,WA,http://www.microsoft.
com) and verified accuracy.

A total of 219 patients were included in this review. The
distribution of histologies was 159 DTCs (PTC, follicular thyroid
cancers, and poorly differentiated cancers), 52 MTCs, and 8
anaplastic thyroid cancers (ATCs). The histology of the tumors
included in each study is presented in Table 1.

Allof thestudies,exceptthephase II trialbyKloosetal. [17],
enrolled only patients with progressive disease (PD) in the
preceding months, either by radiological or biochemical
criteria. In the study by Kloos et al., eight patients had stable
disease (SD) prior to enrollment, and the disease status was
unknown in three patients. The remaining 45 patients had
PD at time of enrollment.

Response Rate
Three studies evaluated response at 6 months from start of
therapy [16, 17, 20]. No study reported complete responses.
Theoverall partial response (PR) ratewas 21% forDTC, 22% for
MTC, and 13% for ATC. The overall PR rate for all histologies

Table 1. Descriptive summaryof the number of patients and the distributionof tumor histology for each included sorafenib study

Reference Total DTC, n (%) MTC, n (%) ATC, n (%)

Capdevila et al. [23] 34 16 (47.1) 15 (44.1) 3 (8.8)

Ahmed et al. [20] 34 19 (55.9) 15 (44.1) 0 (0)

Kloos et al. [27] 56 52 (92.9) 0 (0) 4 (7.1)

Hoftijzer et al. [16]/Schneider et al. [19] 31 31 (100) 0 (0) 0 (0)

Lam et al. [25] 21 0 (0) 21 (100) 0 (0)

Gupta-Abramson et al. [18] 30 28 (93.3) 1 (3.3) 1 (3.3)

Cabanillas et al. [21] 13 13 (100) 0 (0) 0 (0)

Total 219 159 (72.6) 52 (23.7) 8 (3.6)

Abbreviations: DTC, differentiated thyroid cancer; MTC, medullary thyroid cancer; ATC, anaplastic thyroid cancer.
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combined was 21%. Table 2 shows PR, SD, and PD for each
study and the overall estimate for all studies. Overall, clinical
benefit (PRandSDresponses)was93%forMTCandabout79%
forDTC.Three studies [16, 18, 21]mentioned good response in
pulmonarymetastases.Threestudiesmentionedlackofresponse
ofbonymetastasesto therapy [16,21,25], andHoftijzeretal. [16]
noted that patients with bonymetastases tended to have worse
outcomes than those without.

Biochemical Response
The results for biochemical response could not be analyzed
in this review because raw data were not available. Five
studies noted that biochemical response (i.e., reduction in
serum thyroglobulin for DTC; calcitonin and carcinoem-
bryonic antigen levels for MTC) correlated with radiological
response [16, 18, 20, 21, 23], whereas others did not find any
correlation [17, 25]. Even in studies that indicated a corre-
lation, authors noted a rise in tumor marker level after an
initial decrease, despite persisting radiological response [16,
20, 25]. Gupta-Abramson et al. [18] mentioned that serum
thyroglobulin started falling before objective tumor re-
sponse, whereas Cabanillas et al. [21] identified that response
significantly correlated with the log of thyroglobulin levels.

Median PFS
Median PFS could not be calculated for individual histologies
because the data could not be teased out from the included
studies. The recalculated median PFS (excluding sunitinib
patients) was 21 months in the study by Cabanillas et al. [21].

The overall median PFS for all of the included studies was 18
months. The forest plot of median PFS is shown in Figure 1.
Among the seven studies, 95%CIswere unavailable from the
papers by Ahmed et al. [20] and Gupta-Abramson et al. [18].
For the studies by Lametal. [25] andCabanillas et al. [21], the
upper limits of 95% CIs for median PFS time were not
reached. Consequently, the CIs were presented only for the
remaining three studies (Capdevila et al. [23], Kloos et al.
[17], and the combined studies by Hoftijzer et al. [16] and
Schneider et al. [19]). Three studies enrolled ATC patients
[17, 18, 23]. Capdevila et al. [23] reported amedianPFSof 4.4
months in the three ATC patients who were enrolled. The
single ATC patient enrolled in the study by Gupta-Abramson
et al. [18] had clinical progression in 4 days.The third study that
enrolled ATC did not report PFS or OS in these patients [17].

OS
OS was not reported in four of the papers. The recalculated
median OSwas 23months for Cabanillas et al. [21].The OS for
the study by Ahmed et al. [20] was 100% at 2 years, and
Capdevila et al. [23] reported 23.6 months as the median OS.
Kloos et al. [17] also noted a median OS of at least 23 months,
with PTC patients who had prior chemotherapy having OS of
37.5 months. The best median OS for ATC was 5 months, as
reported by Capdevila et al. [23].

Adverse Reactions
Incidence of adverse drug reactions is given in Table 3. More
than 70% of patients suffered from hand-foot syndrome and

Table 2. Meta-analysis of response rates to sorafenib for all types of thyroid carcinoma and each type of thyroid carcinoma

Response
rate

Capdevila
et al. [23], %
(no./total)a

Ahmed et al.
[20], %
(no./total)a

Kloos et al.
[17], %
(no./total)a

Hoftijzer et al. [16]/
Schneideret al. [19],%
(no./total)a

Lam et al.
[25], %
(no./total)a

Gupta-Abramson
et al. [18], %
(no./total)a

Cabanillas
et al. [21], %
(no./total)a

Overall
estimate, %
(95% CI)

PR

All 34.4 (11/32) 16.1 (5/31) 12.0 (6/50) 30.8 (8/26) 6.2 (1/16) 28.0 (7/25) 15.4 (2/13) 20.7
(13.0 – 28.0)

DTC 20.0 (3/15) 18.8 (3/16) 13.0 (6/46) 30.8 (8/26 — 30.4 (7/23) 15.4 (2/13 20.9
(14.3-27.5)

MTC 50.0 (7/14) 13.3 (2/15) — — 6.2 (1/16) 0 (0/1) — 21.7
(0.2-43.2)

ATC 33.3 (1/3) — 0 (0/4) — — 0 (0/1) — 12.5
(-9.9-34.9)

SD

All 43.8 (14/32) 80.6 (25/31) 70.0 (35/50) 11.5 (3/26) 87.5 (14/16) 64.0 (16/25) 61.5 (8/13) 59.6
(41.4-77.8)

DTC 53.3 (8/15) 81.2 (13/16) 73.9 (34/46) 11.5 (3/26) — 65.2 (15/23) 61.5 (8/13) 58.3
(37.5-79.1)

MTC 42.9 (6/14) 80.0 (12/15) — — 87.5 (14/16) 100 (1/1) — 71.7
(49.6-93.8)

ATC 0 (0/3) — 25.0 (1/4) — — 0 (0/1) — 12.5
(-4.8-29.8)

PD

All 21.9 (7/32) 3.2 (1/31) 18.0 (9/50) 57.7 (1/16) 6.2 (2/25) 8.0 (2/25) 23.1 (3/13) 19.7
(6.5-32.9)

DTC 26.7 (4/15) 0 (0/16) 13.0 (6/46) 57.7 (15/26) — 4.3 (1/23) 23.1 (3/13) 20.9 (4-37.8)

MTC 7.1 (1/14) 6.7 (1/15) — — 6.2 (1/16) 0 (0/1) — 6.5 (5.3-7.7)

ATC 66.7 (2/3) — 75.0 (3/4) — — 100.0 (1/1) — 75.0
(60.9-89.1)

aThe number of patients with a particular response and the total number of evaluable patients for the response.
Abbreviations:—, nodata;ATC, anaplastic thyroid cancer; CI, confidence interval; DTC, differentiated thyroid cancer;MTC,medullary thyroidcancer; no.,
number; PD, progressive disease; PR, partial response; SD, stable disease.
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diarrhea, andmorethan50%ofpatientsexperiencedskin rash,
fatigue, andweight loss. Because sorafenib is a VEGF inhibitor,
cardiovascular adverse effects were present, especially
hypertension, which occurred in 36% of patients. Bleeding
at any site occurred in 28 patients (13.6%).Therewere three
reported acute myocardial infarctions (3.8%) and three
instances of congestive heart failure (2.2%). Other rare but
serious adverse events included one event of bowel perforation
andrupturedaorticgraftandtwoeventsofretinalveinocclusion.
It is important to note that severe hypocalcemia (grade 3 or
higher) occurred in three patients (2.5%) because thyroid cancer
patients often have hypoparathyroidism as a result of previous
neck dissections. Six patients (8.7%) developed cutaneous
squamous cell cancer (four were keratoacanthoma) [17, 21].
Hoftijzer et al. [16] mentioned two nondermatologic cancers in
their cohort of patients, one with small cell cancer of the lung
within a month of starting therapy (most likely pre-existing)
and one with oral tongue squamous cell cancer 46 months
after initiation of therapy. Regarding thyroxine dose adjust-
ments, two studies [17, 23] mentioned that patients did not
need thyroxine dose adjustments, whereas a total of 27
patients (15%) needed either dose reductions or escalations
of thyroid hormone [16, 18, 20].

There were 8 reported deaths among 219 patients (3.7%)
that were not attributed to disease progression.These deaths
were individually due to intracranial bleed, myocardial

infarction, ischemic necrosis of colon and consequent septice-
mia, sudden death, Aspergillus pneumonia, acute myeloid
leukemia, hip fracture fromtrauma, and liver failure.Thepatient
withAspergilluspneumoniahadbeentreatedwithsteroids for3
years, and the patient with leukemia had a history of receiving
523mCi of iodine 131 and external-beam radiation to the neck.
Ahmed et al. [20] andCabanillas et al. [21] did not report deaths
in their studies.

Approximately 16% (95% CI: 8.6%–23.4%) of patients
discontinuedmedication because of toxicity and 56% (95% CI:
43.4%–69.3%) haddose reductions for toxicity. Overall, 72%of
patientscouldnottoleratethe initialplanneddosageof400mg
twice daily. The most common dose reduction was to 400 mg
oncedaily. Somepatientsneededdrugwithdrawalsorholidays
andweresubsequently restartedata lowerdose;however,this
information was not included in much detail in the papers
included in this study.

DISCUSSION

Sorafenib was recently approved by the FDA for metastatic,
differentiated thyroid cancer in the United States; however,
results of the phase III trial are not yet published. Although
several phase II and retrospective studies havebeenpublished
on sorafenib for the treatment ofmetastatic thyroid cancers, it
is difficult to draw meaningful conclusions regarding efficacy
because of small samples of individual types of thyroid cancers

Figure 1. Forest plot of median progression-free survival for the seven included sorafenib clinical trials (all histologies). The solid lines
representthe95%confidence intervals (CIs).The95%CIswereunavailable fromthepapersbyAhmedetal. [20]andGupta-Abramsonetal.
[18]. For the studies by Lam et al. [25] and Cabanillas et al [21], the upper limits of 95% CIs for median PFS time were not reached.
Consequently, CIs were presented only for the remaining three studies. The overall median PFS (red diamond) for all included trials was
17.9 months (95% CI: 17.9–18).

Abbreviation: PFS, progression-free survival.
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in each study. This meta-analysis is significant because it
analyzes multiple studies, with a total of 219 patients with
a variety of tumor histologies. Most patients have been on
phase II trialswith fairly uniform reporting standards. All of the
studies used a starting dose of 400 mg b.i.d., and all used
RECIST version 1.0 criteria for assessing response. All but
one study used standardized criteria for adverse reactions
(Common Terminology Criteria for Adverse Events version
3.0). Given the uniformity of the studies, a meta-analysis of
these data was quite feasible.

Our overall analysis demonstrated PR in 22% of MTC
patients and21%ofDTCpatients, althoughPR inATC reached
only 13%. The majority of DTC and MTC patients showed
clinical benefit, with PD noted in only 6.5% of MTC patients
and21%ofDTCpatients.ThemedianPFSiswithinanarrowrange
(15–21 months) in all of the studies except Capdevila et al. (10.5
months) [23]. OS was not reported in most studies, but three

of the studies included in the analysis reported median OS of
around 23 months.

Our overall analysis demonstrated PR in 22% of MTC
patients and 21% of DTC patients, although PR in ATC
reached only 13%. The majority of DTC and MTC
patients showedclinical benefit,withPDnoted inonly
6.5% of MTC patients and 21% of DTC patients.

In DTC patients, the response rate shown in this paper is
higher than recently reportedat theAmericanSocietyofClinical
OncologybyBroseetal. in theirphase IIIplacebo-controlledtrial
of sorafenib in treatment-naı̈ve patients with DTC, which
showed a PR rate of 12% in the sorafenib arm versus 0.5%
with placebo [26]. Of note, 73% of patients had tumor-size

Table 3. Meta-analysis of adverse event rates associated with sorafenib therapy

Adverse event

Capdevila
et al. [23]
(n5 34), %
(n/N)

Ahmed et al.
[20] (n5
34), % (n/N)

Kloos et al.
[17] (n5
56), % (n/N)

Hoftijzer
et al. [16]/
Schneider
et al. [19]
(n5 31) ,
% (n/N)

Lam et al.
[25] (n5
21), % (n/N)

Gupta-Abramson
etal. [18] (n530),
% (n/N)

Cabanillas
et al. [21] (n5
13) , % (n/N)

Overall rate for
adverse events,
% (95% CI)

Hand-foot
syndrome

Overall 61 (21/34) 79.4 (27/34) 62.5 (35/56) 71 (22/31) 90.5 (19/21) 93.3 (28/30) 69.2 (9/13) 73.5 (64–83)

Severe 23.5 (8/34) 44.1 (15/34) 7.1 (4/56) 22.6 (7/31) 14.3 (3/21) 10 (3/30) NR 19.4 (8.3–30.5)

Diarrhea Overall 61.8 (21/34) 76.5 (26/34) 75 (42/56) 51.6 (16/31) 81 (17/21) 80 (24/30) 61.5 (8/13) 70.3 (62.3–78.3)

Severe 14.7 (5/34) 2.9 (1/34) 3.6 (2/56) 6.5 (2/31) 9.5 (2/21) 6.7 (2/30) NR 6.8 (3.3–10.3)

Skin rash Overall 35.3 (12/34) 88.2 (30/34) 78.6 (44/56) 54.8 (17/31) 66.7 (14/21) 80 (24/30) 38.5 (5/13) 66.7 (51.7–81.7)

Severe 5.9 (2/34) 5.9 (2/34) 3.6 (2/56) 16.1 (5/31) 0 (0/21) 10 (3/30) NR 6.8 (2.7–10.9)

Fatigue Overall 55.9 (19/34) 58.8 (20/34) 82.1 (46/56) NA (NA/31) 33.3 (7/21) 63.3 (19/30) 23.1 (3/13) 60.6 (44.8–76.4)

Severe 14.7 (5/34) 8.8 (3/34) 16.1 (9/56) NA (NA/31) 0 (0/21) 3.3 (1/30) NR 10.3 (4.4–16.2)

Arthralgia or
myalgia

Overall 2.9 (1/34) 35.3 (12/34) 82.1 (46/56) NR 100 (21/21) 76.7 (23/30) NR 58.9 (25.7–92.1)

Severe 0 (0/34) 8.8 (3/34) 10.7 (6/56) NR 4.8 (1/21) 0 (0/30) NR 5.7 (1.1–10.3)

Weight loss Overall NR 29.4 (10/34) 82.1 (46/56) 58.1 (18/31) 47.6 (10/21) 60 (18/30) 23.1 (3/13) 56.8 (38.8–74.8)

Severe NR 0 (0/34) 5.4 (3/56) 9.7 (3/31) 0 (0/21) 10 (3/30) NR 5.2 (1.2–9 0.2)

Hypertension Overall 17.6 (6/34) 20.6 (7/34) 42.9 (24/56) 41.9 (13/31) 52.4 (11/21) 43.3 (13/30) 38.5 (5/13) 36.1 (26.6–45.6)

Severe 0 (0/34) 5.9 (2/34) 3.6 (2/56) 16.1 (5/31) 9.5 (2/21) 13.3 (4/30) NR 7.3 (2.5–12.1)

Mucositis Overall 47.1 (16/34) 26.5 (9/34) 16.1 (9/56) 48.4 (15/31) 47.6 (10/21) 46.7 (14/30) NR 35.4 (23.1–47.7)

Severe 2.9 (1/34) 8.8 (3/34) 1.8 (1/56) 9.7 (3/31) 0 (0/21) 0 (0/30) NR 3.9 (0.6–7.2)

Hoarseness Overall NR 5.9 (2/34) 7.1 (4/56) NR 14.3 (3/21) 20 (6/30) NR 10.6 (4.3–16.9)

Severe NR 0 (0/34) 0 (0/56) NR 0 (0/21) 0 (0/30) NR 0 (0–0)

Dry mouth Overall 5.9 (2/34) 11.8 (4/34) 5.4 (3/56) NR NR 16.7 (5/30) NR 9.1 (4–14.2)

Severe 0 (0/34) 0 (0/34) 0 (0/56) NR NR 0 (0/30) NR 0 (0–0)

Death 2.9 (1/34) 0 (0/34) 7.1 (4/56) 3.2 (1/31) 4.8 (1/21) 3.3 (1/30) 0 (0/13) 3.7 (1.7–5.7)

Abbreviations: CI, confidence interval; NR, not reported.
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reduction, although they did not qualify for PR. The best
response formost patients in this studywasSD, andPFS in the
sorafenib arm was 10.8 months versus 5.8 months with
placebo. Although this trial shows a statistically significant
improvement inPFS (hazard ratio [HR]: 0.587,p, .0001)with
sorafenib, it may not necessarily answer the question of OS
because of patient crossover. The differences between our
meta-analysis results and this phase III trial could be
explained by the study design and the challenges that arise
fromusingRECIST criteria. Inprogressive, RAI-refractoryDTC,
several phase II trials testing other tyrosine kinase inhibitors
(TKIs) with similar mechanism of action have been reported.
Some showed higher response rates than sorafenib but
similar PFSduration.These studieshaddifferententrycriteria
and, therefore, are difficult to compare [27–33].Motesanib is
not commercially available but is one of the first TKIs to show
promising results in thyroid cancer and open this field for
future research [32]. Of the 93 DTC patients enrolled in the
phase II trial with motesanib, 14% achieved PR and 67%
achieved SD. The median PFS was 10 months. In a phase II
sunitinib trial, 8 of 29 patients with RAI-refractory DTC
achieved a response (response rate 28% for DTC and 50% for
MTC) [27]. For all patients, the median time to progression
was 12.8 months. Pazopanib showed promising results as
well. In patientswithRAI-refractoryDTC, PRwas seen in18of
37 patients (49%) included in a phase II trial, and themedian
duration of PFS was 11.7 months. A phase II trial studied
the effect of lenvatinib (E7080) in 58 patients with DTC
[33]. PRs were observed in 50% of patients, and median
PFS was 12.6 months. Because of encouraging results in
a phase I trial (53% PR) [30], cabozantinib is currently being
studied in a phase II study (ClinicalTrials.gov identifier
NCT01811212). Drugs with different mechanisms of action
such as vemurafenib [34] and dabrafenib (BRAF inhibitors)
(ClinicalTrials.gov identifier NCT01723202), selumetinib (MEK
inhibitor) [35, 36], and everolimus (mammalian target of
rapamycin inhibitor) [37] have also been tested or are
currently inphase II trials inDTCand representnovel promising
strategies.

In MTC, a phase III trial with sorafenib has not yet been
performed, although several phase III trials have investigated the
use of other treatments. A double-blind, placebo-controlled,
phase III study with vandetanib demonstrated a significant
prolongation of PFS (HR: 0.46) [38]. The median PFS in the
placebo arm was 19.3 months and had not been reached in
the vandetanib arm (predicted median PFS was 30.5 months).
The objective response rate in the vandetanib armwas 45% (all
PRs). A randomized placebo-controlled phase III trial of
cabozantinib in progressive MTC demonstrated a median
PFS of 11 months in the treatment group versus 4 months
with placebo (HR: 0.28),with anoverall response rate of 28%
in the treatment arm and 0% in the placebo arm [39]. This
response rate is similar to our own findings with sorafenib.
Overall, the response rates with sorafenib are lower than
observed with vandetanib. It is important to note that
disease progression was not required for enrollment in the
vandetanib trial; therefore, comparing results from these
studies may be difficult. Furthermore, both vandetanib and
cabozantinib target RET, whereas sorafenib does not. Both

vandetanib and cabozantinib are approved by the FDA for
progressive MTC.

As expected inATC, thePR ratewith sorafenibwasobserved
in only 13% of patients, and the few responses observed were
veryshort lived.Sincethisanalysiswasperformed,aphase II trial
ofsorafenib inATC that included20patientswaspublished [40].
The PR rate was 10%, and 25% had SD.The overall median PFS
wasonly1.9months,andmedianOSwas3.9months.Theauthors
of thatstudyconcludedthatsorafenibhad limitedefficacy inATC;
however,asubgroupofpatientswithtransformationfromamore
well-differentiatedhistologymayrespondtothisagent.Giventhe
limitations of existing treatments for ATC, new therapies are
urgently needed.

The targeted therapy agents are associated with signif-
icant incidence of adverse events and a small risk of death.
Themost commondrug toxicitieswith sorafenib found in this
analysis were dermatologic (hand-foot skin reaction and
rash) and gastrointestinal in nature. Weight loss, fatigue,
hypertension, and arthralgias were also common side ef-
fects. BRAF inhibitors are known to cause squamous cell
carcinomas and keratoacanthomas of the skin because of
the paradoxical increase in signaling via the MAPK pathway
in RAS-mutated tissues. The development of noncutaneous
squamous cell carcinoma while on sorafenib, notably in the
lung and tongue, is particularly concerning. One case of lung
squamous cell carcinoma has been reported in the literature
with a selective BRAF inhibitor [34]. This case was believed to
be a dedifferentiated thyroid cancer rather than primary lung
cancer. Nonetheless, squamous cell carcinomas of the skin are
a known adverse event associated with sorafenib (and other
BRAF inhibitors), thus careful attention should be given to the
skin and oral mucosa when conducting physical examinations
in patients receiving these drugs.

Squamous cell carcinomas of the skin are a known
adverse event associated with sorafenib (and other
BRAF inhibitors), thus careful attention shouldbegiven
to the skin and oral mucosa when conducting physical
examinations in patients receiving these drugs.

High numbers of dose reductions (56%) and significant
incidence of drug discontinuation (16%) because of toxicity
were reported with sorafenib at 400 mg b.i.d. These findings
were consistent with the phase III DTC trial by Brose et al. [26].
In this trial, dose reductions were required in 64% of patients
receiving sorafenib, and discontinuation because of adverse
events was required for nearly 19% of patients in the sorafenib
treatment arm [26]. It is interesting to note that Chen et al.
[24] (not included in this meta-analysis) used half the dose
of other studies (200 mg b.i.d. instead of 400 mg b.i.d.)
and did not have any dose reductions or discontinuationwhile
maintaining a similar response rate; however, it is important to
point out that this was a very small study with only nine DTC
patients. Future trials to evaluate different starting doses of
sorafenib with larger sample sizes may be informative.

Although there is evidence of efficacywith TKIs, these drugs
may diminish quality of life because of significant toxicities;
therefore, it is important to assess theneed for treatment.Most
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patientswithmetastaticdiseasedonotrequiresystemictherapy.
Progressivediseasewithin1year, symptomatic disease, andRAI-
refractorydisease(inthecaseofDTC)are indications forsystemic
therapy. Future studies should focus on salvage therapy after
sorafenib failure, continuation of drug beyond progression,
management of bonymetastatic disease, symptom control, and
quality of life measures to fully understand the role of sorafenib
and other biochemotherapy agents.
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For Further Reading:
Taofeek K.Owonikoko, RajasreeP. Chowdry, Zhengjia Chen et al. Clinical Efficacy of TargetedBiologic Agents as Second-Line
Therapy of Advanced Thyroid Cancer. The Oncologist 2013;18:1262–1269.

Implications for Practice:
Significantbenefit canbeachieved inpatientswith iodine-refractory thyroid cancer treatedwith targetedagents in the first-
linesetting. It is currentlyunknownwhetheradditionalbenefitwouldbeobtainedwith theuseofdifferentbiologicagents to
treat patients after failing first-line therapy.This article documents the authors’ experience using biologic agents as second-
line treatment foradvancedthyroidcancerandshowsthatpatientsderivedadditionalbenefit, albeitmodest, incomparison
to the front-line treatment. These findings are relevant for the clinical management of patients and for future studies of
second-line targeted therapy of thyroid cancer.
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