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Introduction 
Thyroid cancer arises from either follicular cells or 

parafollicular cells (C cells) (Table 1).1 Follicular thy-

roid malignancies include well- and intermediately 

differentiated thyroid cancers (DTCs); comprising pap-

illary thyroid cancer (PTC), follicular thyroid cancer 

(FTC), and Hürthle cell thyroid cancer (HCTC) sub-

types; and undifferentiated anaplastic thyroid cancer 

(ATC).2 Parafollicular cells give rise to medullary thy-

roid cancer (MTC). The DTCs account for the major-

ity of thyroid cancers and are generally curable, while 

ATC is less common but more aggressive. Medullary 

thyroid cancer, which is classified as either familial or 

sporadic, is an uncommon type of cancer.2,3

The initial treatment for DTC is surgery and 

iodine-131 (131I), and most patients are cured of 

their disease. For advanced DTC that is not amena-

ble to curative surgery, 131I is the primary treatment, 

yielding a 5-year overall survival (OS) rate of approx-

imately 50% that is maintained at 10 years.2,4 No 

effective treatment is available for 131I-refractory or

-resistant disease, and the long-term OS rate is low. In 

a study in 444 patients with incurable metastatic DTC, 

the 10-year OS rate in the patients responding to 131I 

was 92% compared to only 29% in those with 131I-

refractory disease and 10% in those with 131I-resistant 

disease.4 Chemotherapeutic drugs, such as doxorubi-

cin, platinum agents, and taxanes, have had variable 

clinical benefit in this disease setting.5,6 In most studies, 

objective response rates (RRs) with doxorubicin were 

no better than 30%-40%, and responses were not dura-

ble.6 Multimodality approaches to treatment, including 

surgery, radiation therapy, and chemotherapy, have also 

been attempted in patients with advanced incurable 

MTC and in those with ATC with minimal benefit.2 

Increased understanding of the molecular patho-

genesis of the different subtypes of thyroid cancer has 

led to the investigation of a number of molecular-

targeted agents as treatment for advanced disease.7-17 

Rationale for Molecular-Targeted Therapy in 
Advanced Thyroid Cancer 
Angiogenesis

Increased expression of proangiogenic vascular 

endothelial growth factor (VEGF) and VEGF recep-

tors (VEGFRs) has been noted in patients with DTC 

compared to controls and correlates with larger pri-

mary tumor size in younger patients.18 Intensity of 

VEGF expression is associated with higher local and 

distant recurrence rates and shorter recurrence-free 

survival in PTC.19 Serum VEGF levels correlate with 

clinical disease status in DTC.20 In preclinical stud-

ies, an anti-VEGF monoclonal antibody demon-

strated significant in vivo inhibition of PTC and ATC 

growth.21,22 Blocking VEGFR signaling with a tyro-

sine kinase inhibitor (TKI) has yielded antiangiogenic 

effects and improvement in survival in an orthotopic 

mouse model.23

Ret, Ras, and B-Raf Pathways
Constitutive activation of signaling via the

mitogen-activated protein kinase pathway resulting 

from nonoverlapping genetic aberrations in the TK 

Ret, the guanosine 5'-triphosphate–binding protein 

Ras, and the serine-threonine kinase B-Raf occurs in

> 70% of PTCs.24 Chromosomal rearrangements in 

the RET proto-oncogene occur in approximately 20% 

of the adult patients with PTC. Oncogenic activa-

tion of RET through germline point mutations occurs 

in close to 100% of the patients with familial MTC 

and approximately 50% of those with sporadic MTC. 

The BRAF V600E mutation is found in 45% of the 

patients with PTC and 20% of those with ATC. The 

BRAF mutation significantly and independently cor-

relates with poor prognosis in patients with PTC.24,25 

RAS gene mutations are rare in PTC (approximately 

10%) but account for 40%-50% of the molecular 

subtypes of FTC and 55% of ATCs.24 

Preclinical studies suggest that therapy target-

ing VEGF, Ret, B-Raf, and epidermal growth factor 

receptor (EGFR) has significant therapeutic poten-

tial for patients with thyroid cancer. Sorafenib targets 

VEGFR, B-Raf, Ret, platelet-derived growth factor 

receptor (PDGFR), and c-Kit; motesanib (AMG 706) 

targets VEGFR, Ret, PDGFR, and c-Kit; axitinib 

(AG-013736) targets VEGFR, PDGFR, and c-Kit; 
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anti-EGFR TKIs in advanced thyroid cancer

• Assess the safety and tolerability of multitargeted TKIs 
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1

0.5 AMA PRA Category 1 Credit ™

Release date: December 31, 2008

Expiration date: December 31, 2009

To participate in this activity online, go to www.CancerLearning.com.Volume 6 Number 9 December 2008

New Directions With Targeted Agents in the Treatment of
Advanced Thyroid Cancer

Medical writer: Aarati Ranganathan, PhD

Reviewed by: Roger Cohen, MD

Subtypes of Thyroid CancerTable 1

Subtype

Papillary

Follicular

Hürthle

Medullary

Anaplastic

Percentage of 
Thyroid Cancers

80%-85%

10%-15%

3%-5%

5%-9%

1%-2%

Differentiation

Well

Well

Intermediate

Intermediate

Poor

Cellular Origin

Follicular

Follicular

Follicular

Parafollicular/C cell

Follicular
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vandetanib targets VEGFR, Ret, and EGFR; and gefitinib targets EGFR 

(Table 2).5 Multitargeted TKIs, including vandetanib, sorafenib, and mote-

sanib, have inhibited Ret kinase and tumor growth in preclinical models of 

PTC and MTC. Sorafenib also inhibits B-Raf and has shown antitumor 

activity against B-Raf +ATC cell lines and xenograft models.26

Recent Data on TKIs in Advanced Thyroid Cancer
Sorafenib

Results from 2 phase II trials of sorafenib 400 mg b.i.d. in patients with 
131I-refractory metastatic thyroid cancer were reported recently. Of the 30 

patients treated in a trial conducted by Dr. Gupta-Abramson and colleagues, 

18 had PTC, 9 had FTC/HCTC, 1 had MTC, and 2 had poorly differenti-

ated thyroid cancer/ATC.7 Seven patients (23%) achieved a partial response 

(PR), and 16 (53%) had stable disease (SD) (Table 3). Median progression-

free survival (PFS) was 18.2 months in all 30 patients and 19.3 months in 

those with DTC. Serial serum thyroglobulin (Tg) levels decreased dramat-

ically (mean decrease: 70% within 4 months of starting therapy) in 17 of 

the 19 evaluable patients. Of the 9 patients who discontinued sorafenib, 6 

withdrew due to adverse events (AEs). Toxicity-related dose reductions and 

dose interruptions occurred in 14 (47%) and 19 (63%) patients, respec-

tively. Grade 3/4 AEs included hypertension, rash, palmar-plantar erythema, 

diarrhea, and elevated liver function tests (Table 4). Increases in thyroid-

stimulating hormone (TSH) levels ≥ 0.10 mU/L were observed in 10 (33%) 

of the 30 treated patients. 

In the MATiSSE trial, 16 patients with DTC and 13 patients with MTC 

received sorafenib; 3 patients (10%) discontinued the drug, and 19 (65%) 

required dose reductions.8 Grade 3 AEs included hypertension, hand-foot 

syndrome (HFS) and other skin-related events, fatigue, arthralgia, muscle 

cramps, and drug hypersensitivity. Severe AEs were observed in 7 patients 

(grade 3 hypocalcemia and colitis and grade 4 neutropenic fever: n = 1 each; 

infection with nonneutropenic fever: n = 4). When radiologic responses 

were recorded at 3, 6, and 9 months, 84%, 94%, and 100% of the patients, 

respectively, had SD. At 3 months, 12% of the patients had achieved a PR. 

A pilot study evaluated sorafenib in patients with advanced MTC and 

elevated serum calcitonin (CTN) levels.9 Each of the 5 patients experienced 

a decrease in serum CTN levels > 50% from baseline (> 90%: n = 2) fol-

lowing 2-3 months of therapy. An objective response was noted in 2 patients

(1 complete response and 1 PR) after 6 months. Three patients experienced 

a marked increase in TSH levels, and all of the patients required dose reduc-

tions of 50% due to AEs. 

Axitinib
A phase II trial evaluated axitinib 5 mg b.i.d. in 60 patients with advanced 

thyroid cancer that was either refractory to or unsuitable for further 131I ther-

apy.10 Patients with all histologies were enrolled (PTC: n = 30; FTC/HCTC: 

n = 15; MTC: n = 11; ATC and other histologies: n = 2 each). Eighteen 

patients (30%) achieved a PR, 13 (72%) of whom had not progressed at 

the time of analysis. An additional 23 patients (38%) had SD. Objective 

responses were noted among all histologies (PTC: n = 8; FTC/HCTC:

n = 6; MTC: n = 2; ATC and other histologies: n = 1 each). At a median fol-

low-up of 16.6 months, median PFS was 18.1 months, and median OS had 

not been reached. Levels of the tumor markers CTN and Tg were monitored; 

however, no correlation could be made between the biomarkers and response 

due to the small number of patients who were analyzed.

A total of 32 patients discontinued axitinib therapy; 8 discontinuations 

(13%) were related to AEs, and 23 patients (38%) required toxicity-related dose 

reductions. The most common treatment-related AEs included fatigue (50%), 

diarrhea (48%), hypertension (28%), HFS (15%), and rash (15%). Grade ≥ 3 

AEs included hypertension (12%), proteinuria (5%), and fatigue (5%).

Motesanib 
The clinical benefit derived from motesanib was investigated in a phase 

II trial in 93 patients with advanced, progressive 131I-resistant DTC (PTC:

n = 57; HCTC: n = 17; FTC: n = 15; other histologies: n = 4).11 Motesanib 

125 mg/day was given for ≤ 48 weeks. Thirteen patients (14%) achieved a 

PR, and 62 (67%) had SD (≥ 24 weeks: 33 [35%]). Estimated median PFS 

was 9.2 months. No difference in response based on histology or BRAF 

mutation status was noted. Serum Tg concentrations decreased ≥ 50% from 

baseline in 34 (45%) of the 75 evaluable patients; the decreases significantly 

correlated with radiographic response to motesanib (P < .001). In 11 (15%) 

of the 75 patients, the decrease was sustained for ≥ 24 weeks. 

Treatment was discontinued in 12 (13%) of the 93 patients due to AEs. 

Two deaths resulted from hemorrhage. Grade 1/2 hypothyroidism, increased 

TSH, or both were observed in 20 patients (22%); grade ≤ 3 gallblad-

der toxicities in 12 patients (13%), including 5 with grade 2/3 cholecysti-

tis; and grade 2 cardiac events in 2 patients (2%). Grade 3 AEs occurred in 

51 patients (55%), and grade 4 AEs occurred in 5 patients (5%). Grade 3/4 

hypertension was seen in 23 patients (25%). 

Benefit from motesanib monotherapy was analyzed in a parallel cohort 

of 91 patients with advanced progressive MTC.5,12 Two percent of the 

patients achieved a PR, and 47% had SD lasting ≥ 24 weeks. 
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Selected Molecular Targets of Tyrosine Kinase Inhibitors: IC50Table 2

Sorafenib

Axitinib

Motesanib

Vandetanib

VEGFR

20-90 nM

0.25-1.2 nM

2-6 nM

40-1600 nM

Ret

47 nM

NA

59 nM

130 nM

B-Raf

22 nM

NA

NA

NA

EGFR

NA

NA

NA

500 nM

PDGFR-β/
c-Kit

57 nM/68 nM

2.5 nM/1.7 nM

84 nM/8 nM

NA

Abbreviations: EGFR = epidermal growth factor receptor; NA = not applicable; PDGFR = platelet-derived growth factor 
receptor; VEGFR = vascular endothelial growth factor receptor

Tyrosine Kinase Inhibitors in Advanced Thyroid Cancer: 
Efficacy

Table 3

Sorafenib7

Sorafenib8

Axitinib10*

Motesanib11

Motesanib5,12† 

Vandetanib13

Vandetanib14

XL18415

Sunitinib16

Gefitinib17*

Histologic 
Subtypes 
Studied

All histologies

DTC, MTC

All histologies

DTC

MTC

Hereditary 
MTC

Hereditary 
MTC

MTC

DTC

All histologies

Median 
Progression-
Free Survival

18.2 months

NR

18.1 months

Estimated 
9.2 months

NR

NR

NR

NR

NR

3.7 months

17/19

NR

NR

34/75 (45%)

NR

NR

NR

NR

NR

5/15 (33%)

Serum Tg 
Decrease ≥ 50% 

From Baseline

7/30 (23%)

Radiologic: 12% 
at 3 months

18/60 (30%)

13/93 (14%)

2%

5/30 (17%)

3/19 (16%)

9/17 (53%)

6/35 (17%)

0/25

Partial 
Response

16/30 (53%)

Radiologic: 84% 
at 3 months

23/60 (38%)

62/93 (67%)

47%

22/30 (73%)

12/19 (63%)

8/17 (47%)

26/35 (74%)

48% at 
3 months

Stable 
Disease

* Median overall survival: axitinib not reached; gefitinib 17.5 months
† n = 91
Abbreviations: DTC = differentiated thyroid cancer; MTC = medullary thyroid cancer; NR = not reported; Tg = thyroglobulin
 

Tyrosine Kinase Inhibitors in Advanced Thyroid Cancer: 
Selected Grade ≥ 3 Adverse EventsTable 4

Sorafenib7

Axitinib10

Motesanib11*

Vandetanib13* 

XL18415*

Number of 
Patients

30

60

93

30

61

Weight 
Loss

10%

  3%

  5%

NR

NR

13%

12%

25%

NR

  2%

Hypertension

3%

5%

4%

7%

2%

Fatigue

10%/10%

0/0

NR

3%/NR

2%

Rash/PPEDiarrhea

  7%

  3%

13%

10%

  2%

* Grade 3 only
Abbreviations: NR = not reported; PPE = palmar-plantar erythema



Vandetanib 
Vandetanib has been assessed in 

patients with advanced hereditary 

MTC in 2 phase II trials. In a trial of 

vandetanib 300 mg/day, 5 (17%) of 

the 30 patients achieved a PR, and 

22 (73%) had SD.13 In 15 patients 

(50%), SD lasted ≥ 24 weeks. Serum 

CTN and carcinoembryonic anti-

gen levels decreased ≥ 50% from 

baseline for ≥ 4 weeks in 23 and 15 

patients, respectively. Seven patients 

(23%) discontinued treatment due 

to AEs, and 21 (70%) required dose 

reductions or interruptions. Grade 3 

AEs included prolongation of QTc 

interval (n = 5), diarrhea (n = 3), and 

nausea (n = 3). One patient experi-

enced grade 4 azotemia.

In a phase II trial, 19 patients 

received vandetanib 100 mg/day 

(300 mg/day if they had radio-

graphic disease progression).14 At 

the time of analysis, 11 patients were 

continuing treatment with vande-

tanib 100 mg/day, 4 had switched to 300 mg/day, 

and 3 had discontinued vandetanib due to AEs. 

The disease control rate (PR + SD) was 79% (PR: 

3 patients [16%]; SD: 12 patients [63%]; SD ≥ 24

weeks: 10 patients [53%]). The most common 

AEs were diarrhea (n = 9), fatigue (n = 8), and rash

(n = 5). Grade 3 AEs included hypertension, myal-

gia, and asymptomatic QTc prolongation. One 

patient experienced grade 4 diabetes insipidus.

XL184
XL184 is an oral TKI that is active against Ret, 

VEGFR-2, and c-Met. A phase I trial of XL184 in 

patients with advanced cancer that was not treat-

able with standard regimens included an expan-

sion at the maximum tolerated dose of 175 mg/day 

for additional patients with MTC, for a total 

of 22 patients with MTC.15 Of the 17 patients 

with measurable disease, 9 (53%) achieved a PR. 

No grade 4 AEs were reported; the most com-

mon grade 3 toxicity was increased liver enzymes

(n = 4). Other grade 3 AEs included diarrhea, nau-

sea, and hypertension in 1 patient each. A phase III 

trial comparing XL184 to placebo in patients with 

locally advanced/metastatic MTC is ongoing.27

Conclusion
An expanded understanding of the biology of 

thyroid cancer and the development of molecular-

targeted agents inhibiting angiogenesis and other 

oncogenic signaling pathways raises the potential 

of increasing the repertoire of treatment options 

for patients with the disease. Early-phase trials 

of multitargeted TKIs have demonstrated anti-

tumor RRs of 14%-53% and SD rates of 38%-

74% in previously treated, advanced, incurable 

thyroid cancer. Further investigation to deter-

mine the role of various targeted agents in thy-

roid cancer is being carried out, and multiple 

trials assessing multitargeted TKIs in different 

subtypes of advanced thyroid cancer are ongo-
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ing. Future challenges include determining if 

there is cross-resistance between the different 

agents or if they can be administered sequen-

tially upon disease progression or toxicity. 

Furthermore, identification of molecular and/

or clinical markers to predict response would 

aid in optimizing treatment for patients with 

advanced thyroid cancer.
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1.  Which of the following statements has NOT been reported in preclinical stud-

ies of thyroid cancer as a rationale for therapeutic targeting of vascular endo-

thelial growth factor (VEGF) or growth factor receptor signaling pathways?

a. Intensity of VEGF expression correlates with shorter recurrence-free sur-

vival in papillary thyroid cancer (PTC).

b. RAS mutations occur in 40%-50% of PTCs and anaplastic thyroid cancers. 

c. Chromosomal rearrangements in the RET proto-oncogene occur in 

approximately 20% of the adult patients with PTCs. 

d. Blocking VEGF receptor signaling with a tyrosine kinase inhibitor (TKI) 

improved survival in an orthotopic mouse model.

2.  Which of the following efficacy results was reported in phase II trials of 

multitargeted and anti–epidermal growth factor receptor TKIs in previ-

ously treated advanced thyroid cancer?

a. No objective responses were noted with sorafenib monotherapy.

b. Serum thyroglobulin levels decreased dramatically and correlated with 

response in the patients receiving axitinib (AG-013736).

c. Approximately 25% of the patients treated with XL184 achieved a 

response; all of the responders had PTC.

d. No difference in response based on histology or BRAF mutation status 

was noted with motesanib (AMG 706) in patients with advanced,

progressive iodine-131–resistant differentiated thyroid cancers.

3.  Which of the following grade ≥ 3 adverse events was NOT noted in phase 

II trials of multitargeted TKIs in advanced thyroid cancer?

a. Asymptomatic QTc prolongation

b. Hypertension 

c. Hypothyroidism

d. Fatigue

e. Diarrhea

* Successful completion is determined by a score of 67% or greater.
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Instructions For 
Participation in 
Print Activity

To participate in this activity online, go to 
www.CancerLearning.com.

This educational activity provides a maxi-
mum of 0.5 AMA PRA Category 1 Credit.

1. Read the printed material contained in 
 this educational activity.
2. Record your answers to the CME test and 
 evaluation on the Business Reply Card.
3. Indicate time spent completing this 
 activity on the Business Reply Card. You 
 will be awarded a certificate for the actual 
 time spent up to the maximum number of 
 credits designated.
4. Return the Business Reply Card by 
 December 31, 2009.
5. After successful completion of the test, 
 you will receive your certificate by e-mail. 
 Please allow 4-8 weeks for processing.

CME credit will be granted for only 1 form of 
participation, either online or via the printed 
publication.P
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