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KABSTRACT

Background. Thyroid dysfunction and hypertension (HTN) have
been sporadically reported with sunitinib (SUN) and sorafenib
(SOR). Determination of the side effect incidence will enhance
monitoring and management recommendations.

Methods. An observational cohort study was performed using
deidentified pharmacy claims data from a 3-year period to
evaluate patients prescribed SUN, SOR, or capecitabine (CAP;
comparison group). The primary outcome was time to first pre-
scription for thyroid replacement or HTN treatment. Hazard
ratios (HRs) with 95% confidence intervals (Cls) were estimated
by Cox proportional hazards models.

Results. A total of 20,061 patients were eligible for evalua-
tion of thyroid replacement therapy, which was initiated in
11.6% of those receiving SUN (HR, 16.77; 95% Cl, 13.54-20.76),
2.6% of those receiving SOR (HR, 3.47; 95% Cl, 2.46-4.98), and

1% of those receiving CAP, with median time to initiation of 4
months (range, 1-35 months). A total of 14,468 patients were
eligible for evaluation of HTN therapy, which was initiated in
21% of SUN recipients (HR, 4.91; 95% Cl, 4.19-5.74), 14% of
SOR recipients (HR, 3.25; 95% Cl, 2.69-3.91), and 5% of CAP
recipients, with median time to initiation of 1 month (range,
1-18 months) for SOR and 2 months (range, 1-25 months)
for SUN.

Conclusion. SUN and SOR significantly increased the risk for
clinically relevant hypothyroidism; the risk was at least 4 times
greater with SUN than with SOR. Patients receiving SUN and
SOR had a similar elevated risk for clinically relevant HTN. These
data provide robust measures of the incidence and time
to onset of these clinically actionable adverse events. The
Oncologist 2017;22:208-212

Implications for Practice: The side effect profiles for novel therapies are typically used to create monitoring and management
recommendations using clinical trial data from patient populations that may not represent those seen in standard clinical practice.
This analysis using a large pharmacy claims database better reflects typical patients treated with sorafenib or sunitinib outside of a
clinical trial. The findings of increased need for thyroid replacement in patients receiving sunitinib compared with sorafenib and a
similar increase in need for hypertension therapy with both agents can be used to form clinically relevant monitoring

recommendations for these agents.

INTRODUCTION

Sunitinib and sorafenib are orally bioavailable small molecule
receptor multi-tyrosine kinase inhibitors. Receptor tyrosine
kinases (RTKs) are transmembrane glycoproteins that, when
activated by ligand binding to the extracellular domain, trigger
intracellular signal transduction pathways, which ultimately
result in the transcription of genes involved in cell proliferation,
survival, angiogenesis, adhesion, and motility [1]. The antitumor
activity of sunitinib and sorafenib is believed to be mediated by
inhibition of multiple RTKs, such as vascular endothelial growth
factor receptor, platelet-derived growth factor receptor, and

stem cell factor receptor, which leads to apoptotic and antian-
giogenic effects [2, 3]. Despite similarity between the two
agents in terms of their targets, each agent also has additional
RTKs it inhibits to varying degrees; this may explain similarities
and differences in efficacy and toxicity. The U.S. Food and Drug
Administration (FDA) approved sunitinib for the treatment of
advanced renal cell carcinoma (RCC) in 2006; imatinib-resistant/
-intolerant gastrointestinal stromal tumors (GISTs) in 2006; and
certain patients with progressive, well-differentiated pancreatic
neuroendocrine tumors in 2011. The FDA approved sorafenib
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Table 1. Demographic characteristics

Characteristic Sorafenib  Sunitinib Capecitabine
Hypertension cohort

Patients (n) 1,102 1,207 12,159

Age (mean =SD) (yr) 59 * 13 59 =13 56 * 12

Women (%) 30% 33% 65%

CDS (mean = SD) 12 = 20 12 =16 12 £15
Hypothyroidism cohort

Patients (n) 1,790 1,965 16,306

Age (mean £SD) (yr) 62 *12 61 =12 58+12

Women (%) 26% 29% 60%
CDS (mean * SD) 14+21 14+17 13+16

Abbreviations: CDS, Chronic Disease Score; SD, standard deviation.

for the treatment of advanced RCC in 2005; unresectable hepa-
tocellular carcinoma (HCC) in 2007; and certain patients with
progressive, differentiated thyroid carcinoma that is refractory
to radioactive iodine therapy in 2013.

Both sunitinib and sorafenib are relatively well tolerated;
the most common side effects are gastrointestinal distress,
hypertension, skin toxicity, and fatigue. In a meta-analysis of
4,999 patients with multiple malignancies treated with suniti-
nib, the incidence of all-grade hypertension (HTN) was 21.6%
(95% confidence interval [Cl], 18.7%—-24.8%) and 6.8% (95% Cl,
5.3%—8.8%) for high-grade HTN; it varied between malignan-
cies as well as dosing schedule (continuous vs. intermittent) [4].
The incidence of all-grade and high-grade sorafenib-induced
HTN in trials across multiple malignancies has ranged widely. A
meta-analysis including data from 13,555 patients reported an
incidence of 19.1% (95% Cl, 15.8%—22.4%) for all-grade and
4.3% (95% Cl, 3%—5.5%) for high-grade HTN, with RCC patients
having a higher incidence than patients with non-RCC malig-
nancies (24.9% compared with 15.7%; p < .05 for all-grade
HTN) [5]. With these agents, HTN onset can occur at any time
during therapy, although it is often reported 3—4 weeks after
drug initiation; HTN has been documented to respond to tradi-
tional antihypertensive therapy with diuretics, (-blockers,
angiotensin-converting enzyme (ACE) inhibitors, and calcium-
channel blockers [5—7]. However, these data are limited to clini-
cal trial participants, and estimates of HTN incidence in the gen-
eral (nontrial) patient population are lacking.

The rates of sunitinib- and sorafenib-induced hypothyroid-
ism reported by the manufacturers were 1%—-4%; however, the
incidence reported in the published literature was much higher,
ranging from 10% to 85% for sunitinib and 6.3% to 27% for sor-
afenib [8-15]. This wide range is partially due to the different
definitions of “hypothyroidism” in the trials, which varied from
alterations in thyroid stimulation hormone to subclinical or clin-
ical hypothyroidism requiring thyroid hormone replacement.
The onset of hypothyroidism occurred between 2 weeks to 36
months after initiation of therapy, and severity ranged from
subclinical (asymptomatic) thyroid dysfunction to overt hypo-
thyroidism necessitating hospitalization and treatment. The
severity of hypothyroidism is suggested to depend on the dose
and duration of sunitinib or sorafenib treatment [8—13]. The
current literature on sunitinib- and sorafenib-induced thyroid
disease is sparse and mostly retrospective in nature. In
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Figure 1. Incidence of treatment for hypertension with sunitinib
(blue), sorafenib (red), and capecitabine (green).

addition, it is difficult to adequately assess the incidence and
nature of sunitinib- or sorafenib-induced thyroid dysfunction
because the studied populations have been extremely small.

Both hypertension and hypothyroidism can have life-
threatening consequences if left untreated. However, the medi-
cally manageable nature of these adverse effects associated
with sunitinib and sorafenib therapy underscores the impor-
tance of accurately elucidating their true incidence and preva-
lence. This will be critical in the development of appropriate
monitoring and treatment recommendations in this patient
population. This may also improve clinical outcomes and
patient quality of life because the high incidence of fatigue,
which can be a dose-limiting side effect, may also represent
unrecognized hypothyroidism. Appropriate management of
hypothyroidism may improve the tolerability of sunitinib and
sorafenib and may enable more patients to continue therapy
with these agents. The primary objective of this analysis was to
determine the incidence and time to onset of clinically action-
able hypothyroidism and HTN in a large heterogeneous patient
population.

MATERIALS AND METHODS

Patient Selection
This observational cohort study used data from a deidentified
pharmacy claims database for more than 60 million individuals.
The study population comprised participants in prescription
benefit plans managed by Medco Health Solutions Inc. who
were prescribed sunitinib, sorafenib, or capecitabine during the
study time frame from January 1, 2006, through September 30,
2009. Capecitabine was used as a comparison agent for both
drug-induced hypothyroidism and hypertension because it is
an oral chemotherapy known to not induce these adverse
events. Patients were included in the analysis if they had at
least 2 consecutive prescriptions or 45 days of consecutive oral
anticancer therapy. Exclusion criteria included the presence of
a prescription for one of the targeted drugs (sunitinib, sorafe-
nib, or capecitabine) before the study period or an active pre-
scription for thyroid replacement or antihypertensive therapy
prior to the initiation of oral anticancer therapy.

Because incidental, subclinical hypothyroidism or HTN can
occur, the focus was on “clinically actionable” events for which
medication intervention was required. The primary endpoint
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Table 2. Incidence of hypertension therapy compared with capecitabine recipients

Sorafenib Sunitinib

Variable HR (95% Cl) p value HR (95% Cl) p value
Unadjusted 3.43 (2.87-4.11) <.0001 5.05 (4.35-5.87) <.0001
Adjusted for gender, age, CDS 3.25 (2.69-3.91) <.0001 4.91 (4.19-5.74) <.0001
Unadjusted

Women 4.24 (3.19-5.63) <.0001 5.60 (4.44-7.07) <.0001

Men 2.99 (2.35-3.80) <.0001 4.64 (3.77-5.71) <.0001
Adjusted for age and CDS

Women 3.86 (2.90-5.15) <.0001 5.21 (4.12-6.59) <.0001

Men 2.88 (2.26-3.66) <.0001 4.65 (3.79-5.72) <.0001

Abbreviations: CDS, Chronic Disease Score; Cl, confidence interval; HR, hazard ratio.

0.25

0.2 1

0.15

to predict the need for hospitalization and mortality in the fol-
lowing year [16, 17]. All statistical analyses were conducted by
using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC,
http://www.sas.com)
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Figure 2. Incidence of treatment for hypothyroidism with sunitinib
(blue), sorafenib (red), and capecitabine (green).

was the occurrence of prescriptions for thyroid replacement or
hypertension therapy for 45 days or more after beginning
treatment with sunitinib, sorafenib, or capecitabine. For each
analysis year, prescription claims were identified for thyroid
replacement and hypertension therapy. Thyroid replacement
therapy was defined as levothyroxine and liothyronine. Hyper-
tension therapy was defined as an ACE inhibitor, angiotensin-
receptor blocker, dihydropyridine calcium-channel blocker,
hydrochlorothiazide, or B-blocker. Additionally, time to first
prescription for thyroid replacement or hypertension therapy
(measured from the date of the first sunitinib, sorafenib, or
capecitabine prescription) was also assessed.

Statistical Analysis

Kaplan-Meier event-free survival curves were constructed for
the sunitinib versus capecitabine and sorafenib versus capecita-
bine cohorts to examine time to first event rates. Cox propor-
tional hazards models were used to estimate unadjusted and
adjusted hazard ratios (HRs) with 95% Cls. The date of the index
prescription that defines each of the cohorts was time zero for
each analysis, and observations were censored on the day
of lost eligibility; if there was not a hypertension or thyroid
replacement event, censoring occurred on September 30,
2009. Models were adjusted for the baseline variables age, sex,
and Chronic Disease Score (CDS) at the time of drug initiation.
The CDS is a commonly used comorbidity severity indicator
that is determined for patients receiving their pharmacy bene-
fits from Medco Health Solutions. It is derived by using meth-
ods similar to those described by others and correlates with
physician ratings of physical disease severity. It was also shown
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RESULTS

Demographics

The demographic characteristics of the study population are
shown in Table 1. The total number of patients eligible for eval-
uation of hypertension therapy was 14,468; 1,207 received
sunitinib, 1,102 received sorafenib, and 12,159 received capeci-
tabine. The total number of patients eligible for evaluation of
thyroid replacement therapy was 20,061; 1,965 received suniti-
nib, 1,790 received sorafenib, and 16,306 received capecita-
bine. Patients in all cohorts were similar in terms of age and
CDS, but more patients in the capecitabine cohort were female,
as would be expected because this agent is a common oral
therapy for treatment of advanced breast cancer.

Hypertension

Hypertension therapy was initiated in 20.5% of patients receiv-
ing sunitinib, 14% receiving sorafenib, and 5% receiving capeci-
tabine. The median time to initiation of hypertension therapy
was 63 days in patients receiving sunitinib, 28 days for sorafe-
nib recipients, and 69 days for capecitabine recipients (Fig. 1).
Compared with patients receiving capecitabine, patients receiv-
ing sunitinib had an approximately 5-fold greater risk of requir-
ing antihypertensive therapy (unadjusted HR, 5.05; 95% Cl,
4.35-5.87; p < .0001). This risk was similar when controlled for
age, sex, and CDS (HR, 4.91; 95% Cl, 4.19-5.74; p < .0001).
Men and women receiving sunitinib had a similar risk of requir-
ing antihypertensive therapy (Table 2). Patients receiving sora-
fenib had an approximately 3.5-fold greater risk of requiring
antihypertensive therapy (unadjusted HR, 3.43; 95% Cl, 2.87—
4.11; p < .0001). This risk was also similar when controlled for
age, sex, and CDS (HR, 3.25; 95% Cl, 2.69-3.91; p < .0001).
Women receiving sorafenib had a higher risk of requiring anti-
hypertensive therapy than men (Table 2).

Hypothyroidism

Thyroid replacement therapy was initiated in 11.6% of patients
receiving sunitinib, 2.6% receiving sorafenib, and 1% receiving
capecitabine. The median time to need for thyroid replacement
was 152 days in patients receiving sunitinib, 79 days for sorafe-
nib recipients, and 62 days for capecitabine recipients (Fig. 2).
Compared with patients receiving capecitabine, patients
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Table 3. Incidence of hypothyroidism therapy compared with capecitabine recipients
Sorafenib Sunitinib

Variable HR (95% Cl) p value HR (95% Cl) p value
Unadjusted 2.89 (2.09-4.01) <.0001 13.24 (10.81-16.13) <.0001
Adjusted for gender, age, CDS 3.47 (2.46-4.98) <.0001 16.77 (13.54-2.76) <.0001
Unadjusted

Women 4.03 (2.65-6.35) <.0001 17.18 (13.27-22.23) <.0001

Men 3.90 (2.34-6.51) <.0001 18.08 (12.44-26.26) <.0001
Adjusted for age and CDS

Women 3.51 (2.22-5.55) <.0001 15.79 (12.17-20.50) <.0001

Men 3.45 (2.06-5.79) <.0001 17.57 (12.09-25.54) <.0001

Abbreviations: CDS, Chronic Disease Score; Cl, confidence interval; HR, hazard ratio.

receiving sunitinib had an approximately 13-fold greater risk
of requiring thyroid replacement therapy (unadjusted HR,
13.24; 95% Cl, 10.81-16.13; p < .0001). This increased to an
approximately 17-fold greater risk when controlled for age,
sex, and CDS (HR, 16.77; 95% Cl, 13.54-20.76; p < .0001).
Men and women receiving sunitinib had a similar risk of
requiring thyroid replacement therapy (Table 2). Patients
receiving sorafenib had an approximately 3-fold greater risk
of requiring thyroid replacement therapy (unadjusted HR,
2.89; 95% Cl, 2.09-4.01; p <.0001). This value was slightly
increased when controlled for age, sex, and CDS (HR, 3.47;
95% Cl, 2.46-4.98; p <.0001). As with sunitinib, men and
women receiving sorafenib had a similar risk of requiring thy-
roid replacement therapy (Table 3).

DISCUSSION

It is well characterized that patients receiving sunitinib and sor-
afenib have an elevated risk for hypertension. However, there
are relatively few data comparing the incidence between these
medications. Patients receiving sunitinib generally required
antihypertensive therapy approximately 2 months after RTK ini-
tiation, whereas patients receiving sorafenib required antihy-
pertensive drugs after approximately 1 month of therapy. This
highlights the importance of routine blood pressure monitoring
early in the course of therapy and continuing throughout.
Approximately 20% of patients will need treatment, indicating
a need for medical providers to anticipate this adverse event
and support research directed toward determining agents for
optimal management of vascular endothelial growth factor-
induced hypertension. There were also differences in sorafenib-
associated HTN between men and women, with the latter
experiencing a slightly elevated risk compared with the former.
The mechanisms behind these differences are not clear but
may offer additional insights into the pharmacology of these
RTKs and the pathophysiology of HTN.

Our findings on sorafenib-associated HTN are similar to
other published reports. A large meta-analysis of 13,555 trial
patients receiving sorafenib for a variety of malignancies dem-
onstrated a relative risk for all-grade HTN of 3.07 (95% Cl, 2.05—
4.60; p < .01) and high-grade HTN of 3.31 (95% Cl, 2.21-4.95;
p <.01) [5]. Our findings of an adjusted hazard ratio of 3.86
(95% Cl, 2.90-5.15) are similar, suggesting that the results rep-
resent the typical population receiving sorafenib. In contrast,
our findings for sunitinib-associated HTN suggest a higher inci-
dence than previously published. A meta-analysis that included
13 trials using sunitinib alone or in combination with other
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therapy demonstrated a relative risk for treatment emergent
HTN of 3.48 (95% ClI, 1.83-6.62), with no difference between
the single-agent and combination trials [18]. This value is
slightly lower than our adjusted hazard ratio of 5.21 (95% Cl,
4.12-6.59), indicating a slight underestimation from clinical trial
data.

Hypothyroidism is often a neglected but clinically relevant
problem in the oncology population; lack of treatment can
affect patient quality of life. The need for thyroid replacement
therapy was more than 4 times greater in patients receiving
sunitinib compared with those receiving sorafenib. This also
represented a more than 16-fold increase in the need for thy-
roid replacement therapy compared with patients receiving
capecitabine. Patients receiving sunitinib generally required
thyroid replacement therapy between 1 and 7 months after
sunitinib initiation, suggesting that thyroid monitoring should
be initiated early and continue throughout the first year of
therapy. Both sunitinib and sorafenib significantly increased the
risk for hypothyroidism, indicating mechanistic commonality
among these agents; however, the incidence was higher with
sunitinib than sorafenib, a finding that may be secondary to dif-
ferences in receptor-binding affinity between the two RTKs.

Our findings with RTK-associated hypothyroidism are con-
sistent with those from a similar German cohort trial that
assessed the incidence of thyroid hormone replacement in
sorafenib- or sunitinib-treated patients using claims data for
prescriptions covering 80% of pharmacies in Germany. This trial
assessed 1,214 patients receiving sorafenib; thyroid hormone
replacement was started in 6.3% of the sorafenib recipients
compared with the 13.7% of 1295 patients receiving sunitinib
[15]. These incidences were similar to those in our population,
in whom thyroid hormone replacement was started in 2.6%
and 11.6% of patients receiving sorafenib and sunitinib,
respectively.

Limitations that must be considered in interpreting these
data include the fact that the need for hypertension and thy-
roid replacement therapy was used as a surrogate for the
occurrence of clinically relevant hypertension and hypothyroid-
ism. Given the nature of the study design, a causative relation-
ship cannot be determined, nor can confounding factors.
Additionally, this study does not capture hypertension or hypo-
thyroidism that did not require treatment. However, this analy-
sis may provide a more clinically relevant assessment of
hypertension and hypothyroidism because the outcome was
focused on the initiation of a therapeutic intervention. The use
of capecitabine to serve as a control may not have been opti-
mal because this agent is used predominantly in patients with
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colorectal and advanced breast cancer, compared with RCC,
GIST, and HCC for the RTKs. If the susceptibility to hypertension
and hypothyroidism differed between these populations, the
nature of the study design did not permit consideration of pri-
mary malignancy or other patient factors to the development
of these conditions. The time frame of data collection strongly
suggests a high percentage of patients having RCC. The data
collection time was from January 1, 2006, until September 30,
2009; during this time period, sorafenib was approved for RCC,
followed in 2007 by HCC, while sunitinib was approved for RCC
and GIST. It is important to consider the unique patient risk fac-
tors for the RCC population, especially in terms of development
of hypertension. Ideally, the control group should match the
interventional cohort(s) as closely as possible in terms of risk
factors that may influence the primary outcome. Capecitabine
was chosen because it is an oral chemotherapeutic agent not
known to cause hypertension and because of the limited num-
ber of other agents available at the time of the data collection,
especially in a cancer population that would match the one
receiving sorafenib or sunitinib.

Regardless of the underlying causes and mechanisms, our
findings clearly support an increased risk for HTN and hypothyr-
oidism in patients receiving RTKs. A strength of our study was
the large sample size and the use of a pharmacy claims database
that provides a heterogeneous, nonprospective clinical trial
patient population that may better estimate the actual occur-
rence of clinically relevant HTN and/or hypothyroidism in stand-
ard clinical practice. Although sorafenib and sunitinib are still
frequently used in clinical practice, several novel multikinase-
targeted inhibitors are now available, including pazopanib, regor-
afenib, and axitinib. This type of data analysis is valuable for
providing a real-world view of toxicity profiles and can be used
to inform and augment monitoring guidelines, especially in
terms of timeline to certain events.
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