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A B S T R A C T

Purpose

Givgn the molecular pathophysiology of thyroid cancer and the spectrum of kinases inhibited by
sorafenib, including Raf kinase, vascular endothelial growth factor receptors, platelet-derived
growth factor receptor, and RET tyrosine kinases, we conducted an open-label phase Il trial to
determine the efficacy of sorafenib in patients with advanced thyroid carcinoma.

Patients and Methods

Eligible patients with metastatic, iodine-refractory thyroid carcinoma received sorafenib 400 mg
orally twice daily. Responses were measured radiographically every 2 to 3 months. The study end
points included response rate, progression-free survival (PFS), and best response by Response
Evaluation Criteria in Solid Tumors.

Results

Thirty patients were entered onto the study and treated for a minimum of 16 weeks. Seven patients
(23%; 95% Cl, 0.10 to 0.42) had a partial response lasting 18+ to 84 weeks. Sixteen patients (53%;
95% Cl, 0.34 to 0.72) had stable disease lasting 14 to 89+ weeks. Seventeen (95%) of 19 patients for
whom serial thyroglobulin levels were available showed a marked and rapid response in thyroglobulin
levels with a mean decrease of 70%. The median PFS was 79 weeks. Toxicity was consistent with
other sorafenib trials, although a single patient died of liver failure that was likely treatment related.
Conclusion

Sorafenib has clinically relevant antitumor activity in patients with metastatic, iodine-refractory
thyroid carcinoma, with an overall clinical benefit rate (partial response + stable disease) of 77%,
median PFS of 79 weeks, and an overall acceptable safety profile. These results represent a
significant advance over chemotherapy in both response rate and PFS and support further

investigation of this agent in these patients.
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associated with prolonged treatment have rendered
doxorubicin a poor option.

Thyroid tumors are highly vascular and over-
express vascular endothelial growth factor (VEGF).”
In addition, inhibition of VEGF receptor (VEGFR)
signaling has been shown to inhibit growth of
thyroid tumors in xenograft models,® thereby
providing a strong rationale for targeting VEGFR
in this disease. Recent early reports of trials with
multikinase inhibitors have shown promise for
patients with metastatic thyroid cancer,”'* and
most of these compounds under study cause inhi-
bition of VEGFR.

Thyroid cancer is the most common endocrine ma-
lignancy, with 33,500 new cases of thyroid cancers
expected to be diagnosed in the United States in
2008." Differentiated thyroid carcinoma includes
papillary and follicular subtypes and comprises 90%
of all cases of thyroid cancer.” Once thyroid cancer
metastasizes to distant sites and is no longer amena-
ble to radioactive iodine therapy or surgery, ex-
pected survival declines rapidly.>* The only US
Food and Drug Administration—approved therapy

for these patients is doxorubicin.>® In a cooperative
group trial of doxorubicin-containing regimens, the
progression-free survival (PFS) time of the patients
with metastatic, iodine-nonavid, differentiated thy-
roid cancer was estimated at 2 months, and median
overall survival time was 8 months.® Low response
rates, short duration of responses, and cardiotoxicity
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The B-type Raf kinase (BRAF) in the mitogen-
activated protein kinase signaling pathway is known
to play a key role in thyroid cancer,'? and an acidic
substitution at a single amino acid residue, V600E,
occurs frequently.'* BRAFV*"F is associated with
substantially higher basal kinase activity compared
with wild-type BRAF, and transfection experiments
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have shown that expression of BRAF"*"F is associated with 70- to

138-fold greater transformation efficacy.'"* In thyroid cancer,
BRAF"*F has been found in 29% to 69% of papillary thyroid can-
cers'>'>'® and has been associated with aggressive features including
extrathyroidal extension and advanced stage.'”'® RAS mutations and
RET/PTC translocations associated with some thyroid cancers also
result in aberrant signaling through BRAF,'>'*?** making RAF signal-
ing a logical target in thyroid cancer.

Sorafenib (Nexavar; Onyx Pharmaceuticals, Emeryville, CA, and
Bayer Healthcare, Wayne, NJ) is an orally active multi—tyrosine kinase
inhibitor with multiple targets, including BRAF, VEGFRI1, and
VEGFR2.*' This drug affects tumor cell proliferation and angiogene-
sis*> and was recently approved by the US Food and Drug Adminis-
tration for the treatment of renal cell and hepatocellular carcinomas.

Therefore, we conducted a phase I1, single-arm trial to determine
the efficacy of sorafenib in patients with iodine-refractory metastatic
thyroid cancer. This is a report of a planned analysis after treatment of
the first 30 patients. Study end points were objective response rate,
PFS, and best response, all of which demonstrate the significant clini-
cal activity of sorafenib in this disease.

Patients

Eligible patients were = 18 years old with metastatic or unresectable
thyroid carcinoma for which curative measures were no longer effective.
Patients had evidence of measurable disease by Response Evaluation Criteria
in Solid Tumors (RECIST). All patients who were enrolled had evidence of
disease progression in the year before initiation of treatment. Prior radioactive
iodine treatments and one prior biologic treatment (kinase inhibitor, vaccine,
or antibody-based therapy) were allowed but not within 3 weeks of treatment.
Other eligibility criteria included Eastern Cooperative Oncology Group per-
formance status less than 2, life expectancy more than 3 months, leukocyte
count = 3,000/ uL, absolute neutrophil count = 1,500/ L, platelets more than
100,000/ uL, hemoglobin = 9 g/dL, serum creatinine = 1.5X upper limit of
normal (ULN) or 24-hour creatinine clearance = 75 mL/min, serum biliru-
bin = 1.5X ULN, serum AST = 2.5X ULN, alkaline phosphatase = 2.5X
ULN, and prothrombin time-international normalized ratio/partial thrombo-
plastin time = 1.5X ULN. Premenopausal women were required to have a
negative pregnancy test, and all patients of childbearing potential were re-
quired to use contraception.

Patients were ineligible if they had previous exposure to a Ras pathway
inhibitor (including trastuzumab, epidermal growth factor receptor inhibi-
tors, farnesyl transferase inhibitors, or mitogen-activated ERK kinase inhibi-
tors) or were unable to swallow and retain oral pills. All patients provided written
informed consent before enrollment onto the trial. The study protocol was
approved by the Institutional Review Board of the University of Pennsylvania.

Study Design

This was an open-label, single-institution, phase IT study of oral sorafenib
in patients with metastatic thyroid carcinoma, including differentiated, poorly
differentiated, medullary, and anaplastic subtypes. Sorafenib was adminis-
tered at a dose of 400 mg orally twice a day. A cycle was defined as 4 weeks.
Screening evaluations were completed within 2 weeks before the start of study
drug, including medical history, demography, review of prior treatment, phys-
ical examination, 12-lead ECG, and laboratory evaluations including serum
thyroid-stimulating hormone (TSH) and thyroglobulin and urinalysis. Radio-
logic tests to identify target lesions were performed within 4 weeks of the first
dose of study drug.

After beginning treatment, patients were observed at 4-week intervals. At
each visit, a history and physical examination were performed, and a CBC,
chemistry panel, TSH, and thyroglobulin were drawn. Patients were assessed
for new symptoms, compliance with study medications (pill count), and
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concomitant medications. Dose adjustments were made as needed for toxicity.
Response was assessed radiographically after 8 and 16 weeks of treatment and
every 12 weeks thereafter.

Study End Points

The study end points of best objective response rate and stable disease
were measured based on the findings on computed tomography (CT) or
magnetic resonance imaging using RECIST. Additional end points included
best response, duration of response, and time to disease progression (TTP;
based on RECIST), clinical progression, or death. Although TTP was the
original end point, PFS and TTP were identical in this study, and we have used
PES in this report because it has become the more standard progression end
point. All responses were confirmed by a study-designated radiologist. Ad-
verse events were graded with the use of Common Terminology Criteria for
Adverse Events (version 3).%>

Statistical Analysis

This study was designed to exclude the null hypothesis response rate of
5% using a Simon two-stage design®*; the first stage included 30 patients, with
an optional second stage including 25 additional patients if at least one re-
sponse was observed. The observed response rate was tested against the null
rate of 5% using an exact test for binomial proportions. Estimates of PFS (time
from starting study drug to progression or death, whichever occurred first)
with associated 95% Cls were obtained using the Kaplan-Meier method.*>
Comparison of PFS among histologic subtypes was conducted using the log-
rank test. All enrolled patients who received at least 1 day of treatment were
included in this intent-to-treat analysis.

Between February 28, 2006 and September 13, 2007, 31 patients were
entered onto study. Screening failure occurred in one patient as a
result of a low WBC count; therefore, the current report includes the
first 30 treated patients.

Baseline Characteristics

Baseline characteristics of the patients entered onto the study are
listed in Table 1; five patients had received prior chemotherapy. No
patient was previously treated with a kinase inhibitor. All patients had
progressive disease on baseline scans before the initiation of treatment,
and almostall of our patients (93%) had uptake of fluorodeoxyglucose
on positron emission tomography.

Efficacy

As of January 19, 2008, the best responses among the 30 patients
were assessed (Table 2). This analysis was conducted 4 months after
the last patient started treatment. Twenty-five patients were assessable
for response, but all 30 patients are included in this intent-to-treat
analysis. Responses ranged from progressive disease to a decrease in
target lesions of 80% by RECIST criteria (Fig 1). The objective partial
response rate (defined as decrease in sum of longest diameter mea-
surements = 30% by RECIST) for patients on study was 23% (seven
patients). The exact binomial 95% CI of 10% to 42% excludes the null
hypothesis (P = .0005). The stable disease rate (defined as change in
sum of longest diameter measurements between —30% and +20% by
RECIST) was 53% (16 patients; 95% CI, 34% to 72%). Figure 2 shows
the Kaplan-Meier curve for all 30 patients; the median overall PFS
time was 79 weeks. Analysis of differentiated thyroid cancers alone
revealed a median PFS time of 84 weeks. No patient died before disease
progression, and no significant differences in PFS were observed be-
tween follicular and papillary subtypes. Seventeen (95%) of 19 pa-
tients for whom serial serum thyroglobulin levels were available
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Table 1. Baseline Patient Characteristics
No. of
Patients
Characteristic (N = 30) %
Sex
Male 15 50
Female 15 50
Age, years
Mean 63
Range 31-89
Baseline ECOG performance status
0 19 63
1 11 37
Thyroid cancer subtype
Papillary 18 60
Follicular/Hurthle cell variant 9 30
Medullary 1 3
Poorly differentiated/anaplastic 2 7
Prior surgery 30 100
Prior iodine-131 treatment 28 93
Prior treatment 5 17
Prior chemotherapy 3 10
Prior investigational agents 2 7
Prior external-beam radiation 11 37
Prior FDG-PET
FDG-PET scan completed 29 97
FDG uptake positive 28 93
Abbreviations: ECOG, Eastern Cooperative Oncology Group; FDG, fluorode-
oxyglucose; PET, positron emission tomography.

showed a marked response in thyroglobulin levels, with a mean de-
crease of 70% within 4 months of starting treatment.

Two patients with histologically proven poorly differentiated and
anaplastic disease had progressive disease as their best response. Of
note, the patient with poorly differentiated thyroid cancer had a visible
nodule on his shoulder that decreased in size by 50% at 4 weeks before
experiencing progression with new and enlarging pericardial lymph
nodes on CT after 7 weeks of treatment. The patient with anaplastic
carcinoma had medical complications and rapid clinical progression
of her disease within 4 days of beginning sorafenib and was forced to
discontinue treatment. Of the 30 patients, five withdrew from the

Table 2. Patient Response
No. of
Patients
Response (N = 30) %
Total assessable patients 25 83
Best response by RECIST
Complete response 0 0
PR (= 30%) 7 23
SD 16 53
Clinical benefit (PR+SD) 23 77
Progressive disease 2 3
Median progression-free survival, weeks
Overall 79
DTC patients 84
Abbreviations: RECIST, Response Evaluation Criteria in Solid Tumors; PR,
partial response; SD, stable disease; DTC, differentiated thyroid cancer.
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Fig 1. Best overall percentage of change from baseline in target lesion
measurement. Baseline radiographic measurements of target lesions were
compared with measurements over the course of the study to determine the
best change in target lesion size for each patient with data. RECIST, Response
Evaluation Criteria in Solid Tumors; PD, progressive disease; SD, stable disease;
PR, partial response; MTC, medullary thyroid cancer.

clinical trial before 2 months on study; no imaging response data were
available for these patients. Three of these patients withdrew as a result
of toxicity, including one patient with a grade 3 rash, one patient with
exacerbation of a pre-existing cardiac condition, and one patient with
grade 2 fatigue. One patient had a complication related to radiation
treatment of a nontarget lesion, and one patient was noncompliant
with the study drug. Four other patients on whom scans were available
also withdrew. Of these patients, two withdrew because of toxicity
from the study drug at 14 and 16 weeks (one patient with medullary
thyroid cancer had grade 4 liver toxicity, and the other patient had
grade 2 fatigue). One patient with stable disease withdrew after 72
weeks because of pneumonia and resulting fatigue and subsequent
decline in performance status, and another patient with stable disease
was noncompliant with the study drug at 42 weeks.

The baseline and on-study scans are shown for two patients in
Figure 3. The first patient (Fig 3A) had pulmonary metastasis, which
resulted in cough and dyspnea on exertion at the time of diagnosis of
his primary thyroid cancer. The second patient (Fig 3B) was diagnosed
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Fig 2. Kaplan-Meier estimate of progression-free survival (PFS) for patients on
study. Median PFS was 79.0 weeks.
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Fig 3. (A) A 60-year-old man with follicular
thyroid cancer had metastatic disease in
the lung (left). Computed tomography (CT)
scans confirm partial response in target
lesions (right) after 16 weeks of treatment
with sorafenib. (B) A 59-year-old woman
with papillary thyroid cancer had wide-
spread miliary lung metastases (left). CT
scans show marked improvement in the
burden of lung disease after 33 weeks of
treatment with sorafenib (right).

with papillary thyroid cancer and had undergone thyroidectomy 3
years prior when miliary spread of her thyroid cancer to the lung was
discovered. Within a year, the patient began to experience dyspnea on
exertion. Both patients noted complete resolution of their symptoms
within the first 6 months of treatment with sorafenib.

Adverse Events

The median duration of treatment was 27 weeks. Six patients
(20%) discontinued treatment as a result of adverse events. Doses were
reduced in 47% of patients (14 patients) to control toxicities. For
patients requiring dose reductions, sorafenib was decreased by 25%
(to a total dose of 600 mg once daily) initially, and 10 patients
required up to 50% dose reductions (200 mg twice daily) for at least
one period to control symptoms. Drug holidays were required as a
result of adverse events in 63% of patients (19 patients). The
duration of the dose interruptions ranged from 1 day to 2 weeks,
with one patient requiring a 3-week break as a result of musculo-
skeletal pain. Doses were interrupted most commonly because of
fatigue, palmar-plantar erythema, rash, fatigue, stomatitis/mu-
cositis, weight loss, and musculoskeletal pain.

Treatment-related adverse events were predominantly of grade 1
or 2, with the most common events including palmar-plantar ery-
thema, rash, fatigue, stomatitis/mucositis, weight loss, and musculo-
skeletal pain (Table 3). More severe toxicities observed included
hypertension, rash, weight loss, diarrhea, palmar-plantar erythema,
fatigue, pruritus, anorexia, anxiety, and elevated lipase and amylase. One
patient developed LFT elevations after 8 weeks and, despite dose reduc-
tions and cessation of sorafenib per protocol, experienced progression
and ultimately died of liver failure 3 months later. Symptoms of palmar-

Wwww.jco.org

plantar erythema were successfully treated with anti-inflammatory
agents, drug interruptions, and dosage reductions. Sixty percent of pa-
tients (18 patients) experienced some weight loss. After the degree of
weight loss was realized, nutrition counseling and supplementation were
started earlier in the treatment course. In six patients, daily megestrol
acetate (800 mg/d) was initiated to improve caloric intake.

Ten patients (33%) were referred to their primary endocrinolo-
gist for adjustments in their thyroid hormone replacement therapy as
aresult of an increase in serum TSH to levels greater than 0.10 mU/L
while on sorafenib. One patient had not established a baseline treat-
ment dose before starting the trial, but the remaining nine patients had
been on a stable dose before beginning therapy.

Until now, there has been no effective therapy for metastatic thyroid
cancer that is not amenable to surgery and that does not concentrate
iodine. Response rates with chemotherapy have been so low that best
supportive care has been the standard of care for most patients. Both
VEGER and BRAF**°F are thought to play a role in the progression of
metastatic thyroid cancer.'® Recent preliminary results presented sug-
gest the utility of using newer targeted therapies in treating metastatic
thyroid cancer.”'> Of the targeted therapies that have recently shown
promise in metastatic thyroid cancer, only sorafenib targets both
VEGFR and BRAF signaling.

In our trial of sorafenib in patients with metastatic iodine-
nonavid thyroid cancer, we observed a partial response rate of 23.3%
and a stable disease rate of 53.3%. Median PFS time was estimated to
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Table 3. Treatment-Related Adverse Events
Grades 1-2 Grade 3-4
No. of No. of
Event Patients % Patients %
Dermatologic
Rash 21 70 3 10
Stomatitis/mucositis 14 47
Palmar-plantar erythema 25 83 3 10
Alopecia 13 43
Pruritus 3 10 1 3
Constitutional
Fatigue 18 60 1 3
Weight loss 15 50 3 10
Fever 2 7
Anorexia 5 17 1 3
Musculoskeletal pain 17 57
Arthritis 6 20
Dehydration 1 3
Hoarseness 6 20
Epistaxis 1 3
Rhinorrhea/URI 6 20
Pharyngitis 5 17
Xerostomia 5 17
Conjunctivitis 1 3
Headache 2 7
Gl
Diarrhea 22 73 2 7
Nausea/vomiting 9 30
Dyspepsia/Abdominal bloating 19 63
Elevated LFTs* 2 7 2 7
Constipation 2 7
Dysphagia 3 10
Pulmonary
Dyspnea/cough 8 27
Hemoptysis 3 10
Cardiovascular
Hypertension 9 30 4 13
Peripheral edema 1 8
Psychological
Depression/mood change 9 30
Sleep disturbance/anxiety 2 7 1 3
Hyperglycemia 2 7
Neurologic
Paresthesias/neuropathy 6 20
Abbreviations: URI, upper respiratory infection; LFTs, liver function tests.
“One patient developed grade 3/4 LFT abnormalities at 8 weeks and died of
liver failure 12 weeks later.

be 18 months. The fact that all but two of our patients had fluorode-
oxyglucose uptake by their metastatic lesions on positron emission
tomography scan highlights the poor prognosis of our patients.” In
the Eastern Cooperative Oncology Group trial of doxorubicin-
containing regimens, PFS time for patients with metastatic iodine-
nonavid differentiated thyroid cancer was estimated at 2 months for
both arms, and median overall survival time was 8 months.® Thus, our
PES of 18 months may represent a considerable improvement in
outcome for these patients. Biologic agents such as sorafenib are asso-
ciated with prolonged stable disease and modest tumor shrinkage in
solid tumors.””?® Patients in whom the disease steadily progresses
develop complications that arise from enlarging masses, primarily in
the neck and chest. Thus, stable disease results in a clinical benefit for

4718 © 2008 by American Society of Clinical Oncology

many patients. Our evaluation used RECIST criteria, which were
originally developed to assess responses to cytotoxic drugs. Recently,
there has been debate over the use of RECIST for biologic agents like
sorafenib that provide benefit less with tumor shrinkage than with
stable disease.”

As is evident on the CT scan in Figure 3B, treatment with sor-
afenib resulted in a vast improvement in tumor burden in the lung,
but because subcentimeter lesions are considered nonmeasurable by
RECIST criteria, improvement of this kind is not captured in our
overall response rate and points to the need for measures of disease-
related symptoms and clinical benefit in future studies. Furthermore,
as has been documented previously,” treatment with VEGFR tyrosine
kinase inhibitors can result in cavitation of lesions with internal necro-
sis without a change in size of the lesion. In these cases, newer methods
for ascertaining decreases in contrast-enhancing tumor, not just tu-
mor diameter, are likely to more accurately reflect antitumor activity
that results in disease control.

Although all subtypes of thyroid cancer were included in our
study, our patient population consisted mostly of patients with differ-
entiated thyroid cancer; 27 of 30 patients had either papillary or
follicular subtypes. Thus, our results may not be generalizable to other
subtypes of thyroid cancer. Notably, the two patients who had pro-
gressive disease as their best response had poorly differentiated/ana-
plastic disease.

Several adverse events previously described with sorafenib oc-
curred at similar rates.”’ The severity of hepatic toxicity in the patient
whose liver function continued to deteriorate despite cessation of
sorafenib has not been previously reported with sorafenib treat-
ment. The patient refused a liver biopsy, and no infectious cause or
drug interaction was identified. Adverse effects were usually man-
ageable with brief holidays from treatment and dose reductions as
needed. On reintroduction of the drug, toxicities, if recurrent, were
less severe. The frequent interruptions in administration or dose
reductions of sorafenib did not prevent most patients from achiev-
ing stable disease or a partial response. Because of concern for
hypothyroidism in patients treated with other biologic therapies,**
we monitored monthly serum TSH in our patients. Because 33% of
the patients on study required alterations in dosing of their thyroid
hormone replacement therapy, TSH should be monitored in all
thyroid cancer patients receiving sorafenib.

Serum thyroglobulin, a key tumor marker for differentiated thy-
roid cancers,”” decreased precipitously in patients receiving sorafenib.
The decrease preceded tumor shrinkage on CT and, therefore, reflects
a biologic response in addition to decreased tumor burden. Thus far,
we have not been able to elucidate a relationship between thyroglob-
ulin levels and the degree or duration of response. However, secretion
of thyroglobulin is likely affected by alterations in cell signaling caused
by sorafenib. Therefore, changes in the thyroglobulin levels in the
setting of treatment with sorafenib must be interpreted with caution.

A previous trial of sorafenib presented in abstract form in 2006>*
was the first to suggest its activity in patients with iodine-refractory
metastatic thyroid cancer. The importance of VEGFR inhibition is
evident by the encouraging results of other VEGFR inhibitors in trials
for thyroid cancer.”'* Although BRAF signaling (a target of sorafenib)
is important in thyroid cancer, its therapeutic significance remains
unclear. Genotyping and immunohistochemistry experiments are un-
derway in our laboratory to better elucidate the relationship of BRAF
activity and outcome with sorafenib treatment.

In conclusion, long-term disease control in patients with ad-
vanced thyroid cancer can be obtained with sorafenib, a well-tolerated
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oral agent. Development of the multikinase inhibitors marks the first
significant progress in treating patients with thyroid cancer in more
than 30 years. Treatment with sorafenib provided a clinical benefit
(partial response + stable disease) rate of 77% in patients with iodine
refractory, metastatic thyroid cancer in whom no other options for
treatment were available. These promising results suggest that sor-
afenib warrants further investigation in the treatment of advanced
thyroid cancer.
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