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Objectives: Until recently, treatment options for patients with progressive, radioactive iodine-
resistant differentiated thyroid cancer (DTC) have been limited. In our clinical practice, we have
begun to use sorafenib and sunitinib for patients with progressive DTC who are not able or willing
to participate in clinical trials. In this paper, we describe the University of Texas M. D. Anderson
Cancer Center’s experience with the off-label use of these tyrosine kinase inhibitors for DTC.

Methods: Adult patients were included if they had a diagnosis of radioactive iodine-refractory DTC,
were treated with single agent sorafenib or sunitinib, and had both baseline and at least one
follow-up scan for restaging purposes. All imaging data were collected, as well as the TSH-sup-
pressed thyroglobulin (Tg) levels corresponding to each scan date. The primary endpoints were
radiographic response and progression-free survival (PFS). Secondary objectives were tissue-spe-
cific radiographic responses and correlation of Tg with overall response.

Results: We identified 33 patients from our clinical database. Fifteen patients (nine women, six
men) met inclusion criteria, with a median age of 61 yr (range, 38–83 yr). Eight patients had
papillary and seven had follicular thyroid carcinoma. Sorafenib was used in 13 and sunitinib in two,
including one patient who failed prior sorafenib therapy. All patients had evidence of progressive
disease (PD) before start of therapy, with a median PFS of only 4 months. Best response in target
lesions was: partial response (PR) in three (20%), stable disease (SD) in nine (60%), and PD in three
(20%). Clinical benefit (PR�SD) was 80%. The sunitinib patient previously refractory to sorafenib
had a 38% reduction in tumor size. The most noticeable organ-specific response was observed in
lung (median change, �22%) compared to lymph nodes (median change, 0%). Pleural disease and
nonirradiated bone metastases demonstrated PD. All histological subtypes had similar responses.
The median PFS was 19 months. The median overall survival has not yet been reached, but at 2 yr
of follow-up, overall survival is 67%. Log Tg correlated with radiographic response (P � 0.0005).

Conclusions: Sorafenib and sunitinib appear to be effective in patients with widely metastatic, pro-
gressiveDTC,withmostpatientsachievingSDorPR,despitehavingPDatbaseline.Themostnoticeable
responses occurred in the lungs in contrast with minimal changes in nodal metastases and PD in pleural
and nonirradiated bone metastases, suggesting a tissue-specific response to therapy. Log Tg signifi-
cantly correlated with response to treatment and therefore may have value as a surrogate marker of
response. (J Clin Endocrinol Metab 95: 2588–2595, 2010)
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Although the prognosis for differentiated thyroid can-
cer (DTC) is usually good, approximately 5% of

tumors will become dedifferentiated, resulting in a more
aggressive behavior such as metastasis and loss of the abil-
ity to capture iodine (1). About 10–20% of patients with
DTC will develop distant metastases (2), at least half of
which will not respond to conventional therapy such as
radioactive iodine (RAI) and TSH suppression. Although
relative survival is good for those diagnosed under age 45
with distant metastases (stage II), survival steadily declines
with diagnosis after age 45 (stage IV). Long-term survival
for patients presenting with stage IV thyroid cancer is
about 43%, compared with 86% in those with stage I
disease (3–5). In patients with RAI-resistant disease, the
long-term overall survival (OS) drops to 10% (6). Con-
ventional chemotherapy response rates are typically 25%
or less, at the expense of marked toxicity (7). Until re-
cently, the standard of care for patients with progressive,
unresectable disease that is unresponsive to RAI was lim-
ited. However, the recent explosion of knowledge in tu-
mor biology and the identification of potential biological
targets, such as vascular endothelial growth factor
(VEGF) (8–10) and BRAF (11–13), have led to several
clinical trials with targeted therapy using various targeted
agents (14–21). Two phase II trials using sorafenib for
metastatic thyroid cancer, a drug that is Food and Drug
Administration (FDA)-approved for hepatocellular and
renal cell carcinoma, were recently published (17, 18). The
promising preliminary results of these studies led us to
begin using the commercially available multi-kinase in-
hibitors, sorafenib and sunitinib, in patients with progres-
sive, metastatic DTC refractory to RAI, for whom clinical
trials were neither available nor feasible. In fact, these
drugs are now included in the practice guidelines for met-
astatic thyroid cancer (22). This paper discusses the Uni-
versity of Texas M.D. Anderson Cancer Center’s experi-
ence with the off-label use of sorafenib and sunitinib in
patients with metastatic DTC.

Patients and Methods

Study population and data collection
With institutional review board approval, all patients with

metastatic DTC treated outside of a clinical trial with a tyrosine
kinase inhibitor (TKI) from 2006 to 2008 were entered into a
retrospective database. Adult patients with a diagnosis of DTC,
treated with single agent sorafenib and/or sunitinib, and those
who had a baseline and at least one follow-up imaging study to
assess response after 3 months of therapy were included in this
series. Patients with medullary and anaplastic thyroid carcinoma
were excluded.

Therapy
All patients but one were treated with sorafenib 400 mg by

mouth twice daily, and dose reductions were common due to
toxicity. The exception was a patient who was started at 200 mg
by mouth twice daily due to age and comorbidities. Of the pa-
tients treated with sunitinib, the dosing was either 50 mg by
mouth once daily for 4 wk followed by 2 wk off drug, or 50 mg
daily for 2 wk followed by 1 wk off drug.

Study objectives
The primary objective was to determine response and progres-

sion-free survival (PFS) in patients with DTC treated with sorafenib
or sunitinib. Secondary objectives included determining whether a
tissue-specific response occurred and assessing the correlation be-
tween response and thyroglobulin (Tg) levels over time.

Laboratory studies
TSH-suppressed Tg levels corresponding to each scan date were

collectedonallpatients.OnlyTglevelswithcorrespondingnegative
Tg antibodies were included. Serum TSH was determined with a
two-site sandwich immunoassay using direct chemiluminometric
technology (ADVIA Centaur TSH-3 kit, Siemens Healthcare). Se-
rum Tg and Tg antibodies were determined by chemiluminescent
immunometricassays (Immulite2500TgandAnti-Tgkits, Siemens
Healthcare). BRAF mutation analysis was performed on patients
with papillary thyroid carcinoma (PTC). DNA was extracted from
formalin-fixed,paraffin-embeddedtumortissueenrichedfor tumor
(�80% of each sample). The DNA was amplified by PCR using
standard primers for BRAF exon 15 region. Amplified PCR prod-
ucts were sequenced using either pyrosequencing or dye terminator
sequencing techniques evaluating for the V600E mutation.

Radiographic assessments
Computed tomography (CT) scans and neck ultrasounds

were used to determine pace of change before and after treatment
with sorafenib or sunitinib. RECIST 1.0 was used to determine
responses (23). Target lesions (TLs) were defined as soft tissue
lesions that could be accurately measured in at least one dimen-
sion with the longest diameter of at least 1 cm. As per RECIST,
lesions less than 1 cm, bone lesions, leptomeningeal disease, as-
cites, and pleural/pericardial effusion are nonmeasureable and
therefore are non-TLs. Patients with new lesions were considered
to have progressive disease (PD) and were automatically assigned
a value of 20% increase in overall tumor measurements. Previ-
ously irradiated tumors were not considered TLs.

Definitions
Response was defined per RECIST version 1.0 as follows:

Progressive disease (PD) - at least 20% increase in sum of the total
size of TLs or presence of new metastatic lesion; partial response
(PR) - at least 30% decrease in sum of the total size of TLs; stable
disease (SD) - any percent change between � 19% and �29% in
sum of the total size of TLs; durable response - SD or PR for at
least 6 months; and clinical benefit - SD plus PR.

OS was defined as the percentage of patients who were alive
after they were treated with sorafenib or sunitinib. PFS was de-
fined as the length of time during and after treatment in which a
patient was living and without PD. Progression-free time (PFT)
was characterized by the time interval before the imaging date
immediately before the start of a TKI, in which a patient was
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without PD. The term PFT was used rather than PFS, which
incorporates death as an endpoint, because patients who died
before they were able to start treatment would not have been
included in this analysis.

Statistical considerations and definitions
Patient demographic data were summarized using descriptive

statistics. The best tumor responses for individual patients, cal-
culated as a percentage change in TLs compared with baseline,
were plotted graphically (“waterfall plot”). Eight patients with
SD as their best response each provided at least three measures
for tumor size over the course of their disease experience. Time
in months was recorded as positive or negative depending on
when a patient’s tumor size was measured relative to start of
treatment. On the day of treatment, patients were imaged before
the actual initiation of the treatment agent. Patients had their first
scan within 1–2 months after starting treatment. Because a scan
is not given instantaneously after receiving treatment, we as-
sumed that tumor size does not change until at least half of the
first month has elapsed; therefore, the tumor size on the day of
treatment was also recorded as the first posttreatment tumor size
measurement at half a month after treatment. Response profiles
for each patient were provided, where a linear growth curve is
used to summarize the relationship between tumor size and time,
with different slopes occurring before and after treatment. A
linear mixed effects model was used to compare the rate of
change in tumor size (i.e. slopes of linear models) in centimeters
per month before and after treatment.

The method of Kaplan-Meier was used to describe both OS and
PFS after therapy and to provide estimates for the median time to
event at respective time points. To assess patient benefit from being
on therapy, the ratio of PFT before treatment to PFS was computed
independently for each patient. Subsequently, a mean of the ratios
was computed along with its corresponding 95% confidence inter-
val. A ratio greater than 1 was an indication that progression-free
periods were longer after therapy had been initiated.

Graphical methods (i.e. BLiP plots) were used to summarize the
distributionof thebiomarker,Tg (24).Logarithmic transformation
was performed on the TSH and Tg scores. Individual response pro-
files for each patient were used to demonstrate graphically the cor-
relation between radiographic response and Tg over time. Linear
mixed effects models were also used to assess the effect of Tg and
time on radiographic responses. All tests are two-sided. P values
were compared with significance level of 0.05.

Results

From November 2006 to June 2008, 33 patients in the
EndocrineNeoplasiaDepartmentatM.D.AndersonCan-
cer Center were treated with targeted therapy for their
advanced DTC. Eighteen patients were excluded from the
study for the following reasons: four patients had no fol-
low-up at the M. D. Anderson Cancer Center or had no
outside follow-up radiographs uploaded into the elec-
tronic medical record; 11 patients were on combination
therapy or on a TKI other than sorafenib or sunitinib; two
were pediatric patients; and one patient had medullary
thyroid carcinoma. No patients were excluded due to
death or progression within the first 3 months of therapy.

Clinical characteristics
Fifteen patients were included in this series (Supple-

mental Table 1, published on The Endocrine Society’s
Journals Online web site at http://jcem.endojournals.org).
The median age was 61 yr, and 60% of patients were
women. Eight of 15 patients (53%) had a diagnosis of
PTC, compared with seven of 15 (47%) with follicular
thyroid carcinoma. Of the patients with follicular thyroid
carcinoma, two had Hurthle cell (oxyphilic) subtypes.
Five patients had poorly differentiated tumors. Lymph
nodes (neck and hilar nodes) were the most common lo-
cation of metastasis (73%), followed by lung parenchyma
(66%), bone (27%), and pleura (13%). Most patients had
more than one location of metastatic disease. Two of the
patients with bone metastases and two with lung metas-
tases had received external beam radiation, and therefore
these lesions were not included for response assessments.
All patients had information available regarding RAI avid-
ity. Fourteen of these had nonavid disease. One patient’s
disease retained RAI avidity, but the patient had received
over 1000 mCi of RAI and was thus considered refractory
to this therapy. Fourteen of 15 patients had an increase in
tumor size of at least 20% before starting on sorafenib or
sunitinib and were considered to have PD per RECIST.
Onepatientdidnothavepretreatment imagingavailable,but
she had developed a malignant pleural effusion before ther-
apy and therefore was considered to have PD. Sorafenib was
given to all 15 patients initially. Two patients discontinued
sorafenib and resumed therapy with sunitinib. One of the
patientshadpreviouslybeentreatedonaphaseIIclinical trial
with sorafenib but discontinued sorafenib due to PD. An-
other patient had a grade 3 hand-foot skin reaction from
sorafenib and preferred to discontinue the drug.

Reasons for off-label therapy
Four patients were treated off trial by a local oncologist

due to the patients’ inability to travel to the M. D. Anderson
Cancer Center or a clinical trial site closer to their home.
Three patients did not qualify for a phase I trial that was
available at the time: one due to progression on sorafenib,
one due to problems with insurance coverage, and another
due to locally metastatic disease (patient refused surgery for
neck adenopathy). One patient refused to participate in a
clinical trial, and in seven other cases, the reason for off-label
treatment was not specified in the medical records.

Radiographic responses
Waterfall plots were constructed for best response in TLs

(Fig. 1A). PR was seen in three of 15 patients (20%), SD in
nine of 15 (60%), and PD in three of 15 (20%). There were
no complete responses. Durable responses were seen in 10 of
15 (66%). Clinical benefit was seen in 80% of patients. All
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histological types had similar responses, including Hurthle
cell and poorly differentiated tumors. The patient who pro-
gressed on a phase II sorafenib trial had a PR (decrease of
38% in TLs) on sunitinib (patient 14 on Fig. 1A).

Waterfall plots were then constructed for response in TLs
by organ site. Responses in the lungs (median change,
�22%;range,�38to21%)weremorerobust than in lymph
nodes (median change, 0%; range, �18 to 33%; Fig. 1B;
Wilcoxon rank sum test P value � 0.02). Two patients with
nonirradiated bone metastases had rapidly progressive dis-
ease in those lesions and ultimately died from thyroid cancer
(patients 3 and 10 on Fig. 1A). However, both patients had
SD in TLs (lymph nodes). One of these patients also had a
dramatic decrease in the lymph node enhancement as mea-
sured by Hounsfield units (HU) on CT (Fig. 2). This patient
hadadecrease fromanaverageof72to13HU,withminimal
change in lymph node size. Two patients who received ra-
diation to bone metastases had SD in those lesions. In addi-
tion, two patients developed new, progressive bony metas-

taseswhileon treatment.Anotherpatient
developedanewlivermetastasiswhileon
sorafenib. Both patients with pleural me-
tastases had PD in the pleura.

All tumor measurements (before and
after therapy) of eight patients with a ra-
diographic response of SD after treat-
ment with a TKI were plotted (Fig. 3).
The trend line (bold dashed line) repre-
sents the average tumor measurements of
these patients. The slope or the average
change in tumor size before treatment
was 0.44 cm/month, and after treatment,
it was �0.04 cm/month. The difference
between slopes before and after treat-
ment of approximately 0.48 cm/month
was statistically significant (P � 0.035),
suggesting that stabilization of disease
in these patients is a clinically valid
endpoint.

BRAF mutation analysis
Seven of the eight patients with PTC

had BRAF testing performed (tissue not
available on patient 13). Of these seven
patients, four patients (57%, indicated
on Fig. 1A) had a V600E mutation de-
tected.Of thepatientswithBRAFV600E
mutations, three had SD and one had PD
as their best response. Of those without
BRAF mutations, one had PR, two had
SD, and one had PD as their best
response.

Survival
PFS after starting sorafenib or sunitinib was plotted

on a Kaplan-Meier curve (Fig. 4, blue line). The median
PFS was 19 months. The mean ratio of PFT (before
treatment was started) to PFS (after treatment was
started) was approximately 3.0 � 2.2 SD, indicating that
on average patients experienced a PFT that was three
times longer (95% confidence interval, 1.7 to 4.2) after
treatment.

OS is shown on Fig. 4 (red line). The median OS has not
been reached, but at 2 yr of follow-up, OS is 67%.

Correlation of log Tg with tumor measurements
BLiP plots were generated for baseline and all fol-

low-up logarithmic Tg levels and plotted with tumor
measurements over time for each patient (data not
shown). Log Tg significantly correlated with radio-
graphic response (Supplemental Fig. 1) (P � 0.0005).

FIG. 1. A, Waterfall plot of best responses by RECIST. All patients had progression before
starting on drug. Best response was PR of three of 15 (20%), SD of nine of 15 (60%), and PD
of three of 15 (20%); clinical benefit (PR�SD) � 80%. Durable responses (�6 months SD or
PR) were seen in 10 of 15 (66%). All histological types had similar responses. Seven of eight
patients with PTC had BRAF testing (tissue not available on patient 13). Four patients, indicated by
asterisks (*) on graph, had a V600E mutation. Five patients had poorly differentiated tumors. B,
Waterfall plots for best response by RECIST in lung parenchyma vs. lymph nodes (neck, hilar, and
medistinal nodes) TLs. There was a median decrease in size of lung lesions of 16% vs. a median
increase in size of 3% in the lymph nodes.
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Adverse events
The most common adverse event was diarrhea (53%),

followed by hypertension (33%), fatigue (20%), and weight
loss/anorexia (20%). Two patients (13%) developed pneu-
monia, and one patient experienced a grade 4 hypocalcemic

event (Supplemental Table 1). This pa-
tient had a history of primary hypopara-
thyroidism due to surgery but had stable
calcium levels on calcitriol and calcium
supplements before starting sorafenib.
The patient also had diarrhea and weight
loss while on sorafenib, suggesting that
malabsorption of her calcitriol and cal-
cium may have led to the hypocalcemia.

Several dermatological changes were
seen in our series of patients (Supplemen-
tal Table 1). Hand-foot skin reaction was
the most common dermatological ad-
verse event (60%), followed by maculo-
papular skin rash (33%). Four of the 15
patients (27%) developed squamous cell
carcinoma of the skin, of which two were
the keratoacanthoma type. All of these
patients had received sorafenib.

Discussion

Sorafenib and sunitinib are FDA-ap-
proved drugs for gastrointestinal stro-
mal tumor (sunitinib), unresectable
hepatocellular carcinoma (sorafenib),

and advanced renal cell carcinoma (sorafenib and
sunitinib). Both are multi-kinase inhibitors that inhibit
VEGF receptors 2 and 3, platelet-derived growth factor
receptor, Flt-3, c-kit, and RET. In addition, sorafenib in-
hibits wild-type and mutant BRAF V600E. Gain-of-func-
tion mutations in the BRAF oncogene are the most fre-
quent genetic alterations found in PTC, occurring in

FIG. 2. A, CT scan of the chest showing a 3.8-cm metastatic disease in a hilar lymph node
(indicated by white arrow) at baseline (before treatment with sorafenib). B, CT scan of the chest
of the same patient showing necrosis of the hilar lymph node (indicated by white arrow) after 2
months of treatment with sorafenib. The node now measures 3.4 cm, and the HU decreased
from an average of 72 HU at baseline to 13 HU after treatment. C, CT scan of the chest with a
3.7 cm hilar node (indicated by white arrow) after 5 months of therapy. D, CT scan of the neck
showing a small metastasis to the right mandible (indicated by black arrow) at baseline. E and F,
CT scan of the neck showing progression of the mandibular metastasis (indicated by black arrow)
after 2 months of treatment with sorafenib (E) and after 5 months of sorafenib (F).

FIG. 3. The pretreatment and posttreatment tumor measurements
of eight patients with SD as the best response was plotted for each
patient. One patient did not have pretreatment imaging available
for exact measurements and therefore is not included in this analysis. The
open circles represent the size and timing of the patient’s imaging. The
trend line in black is a moving average of tumor sizes with a
window of 10 months before and after treatment. The slope of the
trend line significantly flattened after treatment with sorafenib or
sunitinib (P � 0.035).

FIG. 4. Kaplan-Meier analysis of PFS (blue line) and OS (red line). The
median PFS was 19 months. The median OS has not been reached, but
at 24 months, OS was 67%.
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approximately 45–70% of these tumors in adults (11, 12,
25). Also, overexpression of VEGF and other growth fac-
tors is commonly found in tumors of thyroid origin, par-
ticularly those bearing BRAF mutations (8–10, 26). These
findings provided the rationale for using sorafenib and
sunitinib in patients with metastatic, non-RAI-avid thy-
roid cancer.

Two phase II clinical trials with sorafenib have been
reported and have shown efficacy in metastatic thyroid
cancer (17, 18). Gupta-Abramson et al. (17) found a PR
rate of 32%, SD rate of 68%, and no PD, with a median
PFS of 21 months in patients with DTC. In that trial, 22
patients had DTC and of those, 68% had a diagnosis of
PTC. In the study from Ohio State by Kloos et al. (18),
there were 46 evaluable patients with DTC, of which 78%
had a diagnosis of PTC. Response rates were 13% PR,
74% SD, and 13% PD. Median PFS was approximately 15
months for patients with PTC. Two phase II sunitinib trials
have been reported at national meetings, but only one re-
ported response rate in DTC separately. Of 31 patients who
completed two cycles, 13% had PR, 68% SD, 10% PD, and
13% were not evaluable. PFS was not reported (27).

Our study describes the treatment of metastatic, pro-
gressive DTC with the TKIs sunitinib and sorafenib at the
M. D. Anderson Cancer Center. The results found here
with a partial remission rate of 20%, durable response rate
of 66%, and a clinical benefit rate of 80% are similar to
that in the published phase II trials evaluating sorafenib
and sunitinib in thyroid cancer. Based on the observation
that patients had a clinical response to sunitinib despite
progression on sorafenib, progression during therapy with
one TKI should not exclude use of another TKI. This paper
also raises important questions about what appears to be
a differential response of metastases in different tissues to
the same drug in the same patient. Metastases in lung tend
to respond better to this therapy. Lymph nodes respond,
but less robustly. One of the most interesting findings was
the refractory nature of the bony metastases. Although
small in number, the patients who had irradiated bony
metastases before initiation of targeted therapy had SD in
bone, and those who did not had rapid progression despite
concomitant good response in their lung metastases. This
would perhaps suggest that in patients with progressing
bony lesions, external beam radiation should be consid-
ered before treatment with TKIs. Pleural metastases also
tended to progress while on TKIs. This variability of re-
sponse by tissue site seen in these patients needs to be
validated in larger studies. Whether these differences in
response are seen due to differential expressions and dif-
ferent inhibitions of various VEGF receptors or whether
this is due to a non-VEGF-mediated mechanism, such as
differences in drug levels in tissues, remains to be deter-

mined. A randomized trial with the a priori hypothesis of
the differential effects on various tissue responses may
need to be done to answer this.

Although not a randomized prospective clinical trial,
our study is the first to show that, by using each patient as
his own control, targeted therapy with sorafenib or
sunitinib appears to prolong PFT. This is a significant and
important finding considering that nearly half of the pa-
tients had aggressive histologies such as Hurthle cell and
poorly DTC. Sixty percent of the patients developed SD,
a clinically relevant endpoint considering that all patients
had progressed before receiving the drug. We further
showed that, in those patients in whom SD was their best
response, the rate of the slope of change in progression is
statistically significant, indicating that the disease is truly
slowing down in this subset of patients.

Limitations to this study include its retrospective nature
and the small sample size. Given that some patients were
treated by their local physicians, less information was
available to us. For example, performance status and grad-
ing of adverse events were not always reported. Our ob-
servations regarding pretreatment PFT and posttreatment
PFS are also limited by the lack of standardized frequency
of response assessment. However, despite these limita-
tions, our PFS is similar to what has been reported in clin-
ical trials and substantiate the value of these treatments in
routine care.

We observed the expected adverse events reported for
sorafenib and sunitinib (28, 29). However, it is interesting
to note that one patient had a grade 4 hypocalcemic event
on sorafenib despite taking her usual calcitriol and cal-
cium supplements for primary hypoparathyroidism. The
patient also had diarrhea and weight loss while on sor-
afenib, suggesting that malabsorption of her calcitriol and
calcium may have led to the hypocalcemia. Treatment
with sorafenib and sunitinib is fairly well tolerated in pa-
tients with progressive metastatic nonradioiodine-avid
DTC. Although these drugs have a similar PR rate to some
cytotoxic chemotherapies, their adverse event rate is
lower, they are more convenient (due to the oral route of
administration), and they seem to be accepted well by
patients.

Other interesting observations seen here include the
development of squamous cell carcinomas after sorafenib
therapy. Although this is a small sample size, frequency
seen here may be higher than that described in other tumor
types treated with sorafenib and with other drugs that
inhibit the BRAF pathway (15, 21, 30–34). Further stud-
ies will be needed to elucidate whether the development of
these skin lesions is due to BRAF inhibition, immune
mechanisms, or other unknown mechanisms. The devel-
opment of a new primary cancer after therapy raises the
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need for appropriate skin cancer screening therapy before
and during treatment with these agents.

In summary, sorafenib and sunitinib appear to be useful
agents in patients with advanced, progressive DTC and
demonstrate a fairly well-tolerated toxicity profile. These
drugs appear to prolong the PFS, even in those who de-
velop SD as their best response. The differential response
in various metastatic sites (lungs, bones, lymph nodes, and
pleura) will need to be further elucidated.

The development of skin cancers together with the
long-term use of these drugs with their associated chronic
adverse events are potential limitations to the use of TKIs.
As with any biological agents or chemotherapeutic agents,
the prescribers of these drugs need to be well versed in the
management of these toxicities. However, better agents or
combinations of agents are needed to decrease tumor bur-
den, improve survival, and not adversely affect patients’
quality of life.
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