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Abstract

Background. The multitargeted tyrosine kinase inhibitor sunitinib is used in various cancers. Clinical studies have reported
a substantial variation in the incidence of hypothyroidism associated with sunitinib, without a systemic attempt to synthe-
size these data. Methods. We searched Medline databases for relevant clinical trials published up to May 2012. Phase II and
III trials and expanded access programs of sunitinib in patients with any type of cancer that reported occurrence of hypothy-
roidism were eligible. The summary incidence, relative risk (RR) and 95% confidence intervals (Cls) were calculated using
random- or fixed-effects models based on the heterogeneity of included studies. Results. Incidence analysis was performed
using 6678 sunitinib-treated patients from all 24 eligible trials. The incidence of all- and high-grade hypothyroidism was
9.8% (95% CI 7.3-12.4%) and 0.4% (95% CI 0.3-0.5%), respectively. A meta-analysis of seven randomized trials with
2787 subjects revealed a RR of all- and high-grade hypothyroidism of 13.95 (95% CI 6.91-28.15; p<<0.00001) and 4.78
(95% CI 1.09-20.84; p=0.04), respectively. Subgroup analysis revealed a significantly higher incidence of all-grade
hypothyroidism in patients receiving sunitinib for longer duration than in patients receiving sunitinib for shorter duration
(p = 0.02). Conclusions. This meta-analysis of data available from clinical trials demonstrates that sunitinib is associated with
a significant risk of developing all- and high-grade hypothyroidism. These data provide further evidence to recommend
monitoring for hypothyroidism in patients receiving sunitinib.

Sunitinib is a rationally designed small molecule with
structural similarity to adenosine triphosphate (ATP)
that prevents activation of a broad-spectrum of
tyrosine kinases (TKs). Dysregulation of signaling
pathways mediated by TKs is involved in the patho-
genesis of a wide variety of cancers [1]. Sunitinib
targets vascular endothelial growth factor receptors
(VEGFRs), platelet-derived growth factor receptors
(PDGFRs), FMS-like tyrosine kinase-3 (FLT3) and
stem cell factor receptor (c-Kit) [2]. Currently, suni-
tinib is approved by the FDA for patients with met-
astatic renal cell carcinoma (RCC), imatinib-resistant
GI stromal tumor (GIST) and advanced pancreatic
neuroendocrine tumor (PNET) [3-5].

The toxicity profiles resulting from VEGF-
targeted tyrosine kinase inhibitors (TKIs), including
sunitinib and sorafenib are unique and different from

traditional cytotoxic chemotherapeutic agents. For
instance, previous studies have demonstrated an
increased risk of developing hypertension, hand-foot
skin reaction, bleeding, arterial thromboembolism
and hematologic toxicities [6—13]. Hypothyroidism
associated with sunitinib has been reported with a
substantial variation in the incidences, ranging from
0 to 14% in randomized controlled trials [3-5,
14-17]. Additionally, prospective observational stud-
ies showed an even higher incidence of hypothyroid-
ism in patients treated with sunitinib, varying from
27% to 85% [18-22]. There has been no systematic
attempt to synthesize these data and the overall risk
of hypothyroidism with sunitinib has yet to be defined.
It is important to fully recognize the risk of sunitinib-
induced hypothyroidism, because hypothyroidism
affects the quality of life and can be effectively man-
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aged with thyroid hormone replacement if it is cor-
rectly diagnosed. Therefore, the aim of this study was
to investigate the incidence and risk of developing
hypothyroidism in patients treated with sunitinib by
performing a systemic review and meta-analysis of
available clinical trials.

Methods
Study selection

We performed an independent review of Medline
databases from January 1966 to May 2012. The key

words and Medical Subject Headings used for the
search were “sunitinib” and “cancer”. The search
was restricted to human studies, clinical trials and
English language. Identified studies were screened by
their titles and abstracts for relevance. Phase I trials
were excluded because of the different drug dosages
as well as the small number of patients in these trials
(Figure 1). Studies meeting the following criteria
were included: phase II or III trials, or expanded
access programs (EAPs) in patients with cancer,
patients assigned to treatment with sunitinib, and
safety data available for all- or high-grade (=grade

I MEDLINE Search: Sunitinib and Cancer l

26 phase| trials, 8 observational studies €<——

1 review, 1comment, 1 study proposal €——

161 titles

———> 11 non-sunitinib studies

I 113 abstracts screened for relevance '

I 87 full-text articles reviewed for eligibility l

26 articles not containing subject
(mainly observational studies)

10 articles notreporting

phase Il or lll trial, or EAP

69 Selected trials
6 phase Il trials

1 EAP

—> 8 duplicate studies

5 randomized phase Il trials
57 phase Il (single-arm) trials

References of the 69 articles containing
2051 articles (including duplication)
screened for relevance and eligibility

45 trials withinadequate
safetyreporting

I No article eligible l

2 phase litrials with inadequate
safety reporting

—

24 trials with adequate data
6 phase il trials
2 randomized phase 1l trials

15 phase 11 (single-arm) trials
1 EAP

1 randomized phase II
trial found in ASCO
abstract database

Figure 1. CONSORT diagram; selection process for the trials. EAP, expanded access protocol.
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3) hypothyroidism events based on the Common
Terminology Criteria for Adverse Events (CTCAE)
of the National Cancer Institute. Studies that
reported only thyroid function monitoring without
mention of hypothyroidism events were also eligi-
ble as long as the corresponding author could pro-
vide the data. Only the most recent or complete
report of clinical trials was included when dupli-
cate publications were identified. References in rel-
evant reports were reviewed manually. The most
recent package insert was also reviewed to identify
relevant information [23]. Independent reviewers
(T.F and Y.].S.) retrieved full texts of the relevant
articles to assess eligibility. There was complete
agreement between the two investigators on the
final results. An independent search using Embase
and Cochrane electronic databases was also con-
ducted to ensure that there were no additional
studies. We manually searched all the abstracts
containing the same search terms from the Ameri-
can Society of Clinical Oncology (ASCO) confer-
ences held between January 2006 and May 2012.
The selection and systematic review of trials was
performed in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement [24].

Data extraction and clinical end points

For each study, the following information was
obtained independently by the two investigators:
first author’s name, year of publication, trial phase,
underlying malignancy, number of patients
enrolled, treatment arms, median age, median
treatment duration, median progression free sur-
vival (PFS), number of patients available for anal-
ysis, number of hypothyroidism events, thyroid
function monitoring and version of CTCAE (Table
I). Any discrepancies between reviewers were
resolved by consensus. Adverse events of all- and
high-grade (= grade 3), as defined by the CTCAE,
were extracted for analysis. The CTCAE (version
3) defines the grading of hypothyroidism as: grade
I, asymptomatic, intervention not indicated; grade
II, symptomatic, not interfering with activities of
daily living (ADL); thyroid replacement indicated;
grade III, symptoms interfering with ADL; hospi-
talization indicated; and grade IV, life-threatening
myxedema coma [25].

Statistical analysis

The principal summary measures were incidence,
relative risk (RR) and corresponding 95% CIs of
all-grade (Grade 1-4) and high-grade (Grade 3 and
4) hypothyroidism. For the calculation of incidence,

Risk of hypothyroidism with sunitinib 693

the episodes of hypothyroidism and the number of
patients receiving sunitinib were extracted from the
safety profiles of single-arm and randomized con-
trolled clinical trials. The proportion of patients
with adverse events and 95% CIs were derived from
each trial. We calculated the RRs and CIs with data
extracted only from randomized controlled studies,
comparing the incidence of hypothyroidism in
patients assigned to sunitinib with those assigned
to control treatment in the same trial. To calculate
the 95% ClIs, the variance of a log-transformed
study-specific RR was derived using the delta
method. Statistical heterogeneity between trials
included in the meta-analysis was assessed using
Cochrane’s Q statistic, and inconsistency was
quantified with I? statistic. Assumption of homoge-
neity was considered invalid for p-values less than
0.1. Summary incidence and RRs were calculated
using random- or fixed-effects models depending
on the heterogeneity of included studies. When
substantial heterogeneity was not observed, the
pooled estimate calculated based on the fixed-ef-
fects model was reported using inverse variance
method. When substantial heterogeneity was
observed, the pooled estimate calculated based on
the random-effects model was reported using the
DerSimonian method, which considers both within-
and between-study variations. We evaluated publi-
cation bias using funnel plots and with Begg’s and
Egger’s tests. A two-tailed p-value of less than 0.05
was considered statistically significant. All statisti-
cal analyses were performed using Review Manager
5.1 (Nordic Cochrane Centre, Cochrane Collabo-
ration, Copenhagen, Denmark) and Comprehen-
sive Meta Analysis program (Version 2, Biostat,
Englewood, NJ, USA).

Results
Search results and population characteristics

The search strategy yielded a total of 161 potentially
relevant articles on sunitinib for inclusion in the
study. A total of 138 citations were excluded. Figure 1
outlines the selection process and reasons for study
exclusion. Two phase III trials reporting thyroid
function monitoring without hypothyroidism event
mentioned were included because Pfizer provided
the data on hypothyroidism events [15,16]. One
phase II trial was excluded because reported hypo-
thyroidism events included patients who presented
with baseline hypothyroidism [26]. We included an
additional full-text publication identified through
manual review of ASCO conferences abstracts [27].

At the end of this review process, 24 trials were
eligible for analysis (i.e. phase II or III studies or
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Table I. Characteristics of the trials included in the meta—analysis.

No. of
Treatment hypothyroidism
Duration No. of Events Regular
No. of Age (years) (months) Patients —  thyroid
Patients Median Median PFS (months) for All- High- function
Author Year Phase Histology Enrolled Treatment Arms (Range) (Range) Median (Range) Analysis Grade Grade monitoring CTCAE
Dsmetii 2006 III* GIST 312 Sunitinib 50 mg/d, 58 (23-84) 1.9 (0.03-7.9)® 6 (2.8-7.1) 202 8 1 No 3
3] days 1-28, g6w
Placebo 55 (23-81) 1.0 (0.06-5.6)> 1.5 (1.1-2.5) 102 1 0
Motzer 2007 III* RCC 750 Sunitinib 50 mg/d, 62 (27-87) 11 (<1-41) 11 (11-13) 375 61¢ 6°¢ No 3
[4) days 1-28, q6w
INF OMIU 3 X weekly 59 (34-84) 4 (<1-40) 5 (4-6) 360 3¢ 0°
Barrios 2010 III* HER2-negative 482 Sunitinib 37.5 mg daily 53 (25-80) 2(0.03-16.2) 2.8 (2.44.0) 238 29 1 No 3
[13] BC Capecitabine 53 (23-80) 2 (0.13-18) 4.2 (3.8-5.5) 240 1 0
1,250 mg/m?
BID, days 1-14,
qQ3w
Raymond 2011 III* PNET 171 Sunitinib 37.5 mg 56 (25-84) 4.6 (0.4-17.5) 11.4 (7.4-19.8) 83 6 0 No 3
(51 daily
Placebo 47 (26-78) 3.7 (0.03-20.2) 5.5 (3.6-7.4) 82 1 0
Robert 2011 III* HER2- 485  Sunitinib 25-37.5 mg 57 (27-84) 3.2 (0.03-16.5) 7.4 (6.9-8.5) 235 od od No 3
[15] negative BC daily with paclitaxel

90 mg/m? qw for 3w
followed by 1w off
Bevacizumab 10 mg/kg 57 (32-92) 0.3 (0.03-1.7) 9.2 (7.7-13.0) 236 04 od
q2w with paclitaxel
90 mg/m? qw for 3w
followed by 1w off

Bergh 2012 III* HER2- 593  Sunitinib 37.5 mg/d, 54 (31-84) 6.5 (5.75-7.25) 8.6 (8.2-10.3) 295 174 14 No 3
[16] negative BC days 2-15, q3w
with docetaxel
75 mg/m?,
day 1, q3w
Docetaxel 100 mg/m? 56 (28-78) 4.5 (4.0-4.75) 8.3 (7.7-9.6) 293 2d 0d
qQ3w
Rini [28] 2008 II RCC 61 Sunitinib 50 mg/d, 59 (39-80) 6.7 (0.6-26.5) 7.6 (4.6-9.2) 61 18 0 No 3
days 1-28, q6w
Kontovinis 2009 II RCC 42 Sunitinib 50 mg/d, 64 (25-75) 9.0 (1.5-19.5)® 8.9 (6.5-24.6) 42 5 0 Yes 3
[29] days 1-28, qow
George 2009 I  GIST 61 Sunitinib 37.5 mg daily 59 (24-84) 11.5 (0.5-23.25)®> 8.5 (6-12.3) 60 9 0 No 3
[30]
George 2009 I non-GIST 53 Sunitinib 37.5 mg daily 52 (18-79) NR 1.8 52 16 0 No 3
[31] sarcoma
Gore [32] 2009 EAP RCC 4564  Sunitinib 50 mg/d, 59 (19-89) 7.5 (1.5-37.5)® 10.9 (10.3-11.2) 4,371 261 18 No 3
days 1-28, q6w
Fountzilas 2010 II SCCHN 17 Sunitinib 50 mg/d, 61 (45-75) 2.0 (0.65-4.5) 2.3 (0.6-16.6)¢ 17 1 0 No 3
[33] days 1-28, qow
MacKay 2010 II  Cervical 19  Sunitinib 50 mg/d, 44 (28-78) 3 (1.5-18)° 3.5 (2.7-7.0) 19 9 0 No 3
[34] cancer days 1-28, g6w
Machiels 2010 II SCCHN 42 Sunitinib 37.5 mg daily 57 (44-75) 1.8 (0.5-9.8) 2 (1.3-2.7) 38 5 0 No 3
[35]
Koeterle 2010 II HCC 45  Sunitinib 37.5 mg daily 63 (37-83) 2.9 (I-12)® 1.5 (1.38 -2.83) 45 5 0 Yes 3
[36]
Shanafelt 2010 II CLL 18  Sunitinib 37.5 mg daily 68 (51-89) 2b 2.7 (1.8-4.6) 18 NR 0 No 3
[37]
Mayer 2010 II* HER2- 46  Sunitinib 25 or 58 (34-81) 2.8 NR 23 0 0 No 3
[17] negative BC 37.5 mg daily with
bevacizumab

10 mg/kg q2w plus
paclitaxel 90 mg/m?

Bevacizumab 10 mg/kg 52 (29-80) 3.5 NR 23 0 0
q2w plus paclitaxel
90 mg/m?
Ping [38] 2011 II  NSCLC 22 Sunitinib 50 mg/d, 55 2.8 (0.5-7.5) 3.0 (2.1-3.8) 22 2 0 No 3
days 1-28, q6w
Biagi [39] 2011 II  Epithelial 31 Sunitinib 50 mg/d, 57 (37-82) 4.5 (1.5-9)° 4.1 (1.8-5.4) 16 13 0 Yes 38
ovarian days 1-28, q6w 4 (1-10)° 14
cancer or 37.5 mg daily’
Buckstein 2011 II DLBCL 19 Sunitinib 37.5 mg 65 (34-81) 2 (1-5)° 2.2 (1.41-3.48) 17 4 0 No 3
[40] daily
Schneider 2011 I SCLC 16  Sunitinib 50 mg/d, 66 (34-80) 1.0 (0.35-5.0) 2.5 (0.8 -3.1) 16 2 1 No 3
[41] days 1-28, qow
Novello 2011 1I NSCLC 66  Sunitinib 37.5 mg daily 61 (35-77) 2 (1-13) 2.4 (1.9-3.3) 64 1 0 No 3

[42]

(Continued)
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No. of

Treatment hypothyroidism
Duration No. of Events Regular
No. of Age (years) (months) Patients —— thyroid
Patients Median Median PFS (months) for All- High- function
Author Year Phase Histology Enrolled Treatment Arms (Range) (Range) Median (Range) Analysis Grade Grade monitoring CTCAE
Geivais 2011 II NSCLC 84  Sunitinib 50 mg/d, 60 (30-81) 2.8 (0.25-33.3)  3.95 (2.6-5.5) 66 2 0 No 3
[43] days 1-28, qo6w
Motzer 2012 II* RCC 292 Sunitinib 50 mg/d, 61 (35-84) 5 (1-26) 9.9 (7.0-13.4) 146 19 0 No 3
[27] days 1-28, q6w
Sunitinib 37.5 mg daily 64 (44-86) 6 (1-25) 7.1 (6.8-9.7) 143 11 0

BC, breast cancer; CLL, chronic lymphocytic leukemia; CTCAE, Common Terminology Criteria for Adverse Events; EAP, expanded access protocol; GIST, GI stromal tumor;
HCC, hepatocellular carcinoma; HER2, human epidermal growth factor receptor 2; INF, interferon immunotherapy; MIU, million international units; NR, not reported; NSCLC,
non-small cell lung cancer; PFS, progression—free survival; PNET, pancreatic neuroendocrine tumor; RCC, renal cell cancer; SCCHN, squamous cell carcinoma of the head and neck;

SCLC, small cell lung cancer.

2Randomized trial; PCalculated from the number of cycles administered and the length of each cycle; “Data retrieved from drug package insert; Data provided by Pfizer; *Time to
tumor progression; fOf the 31 patients entered, 17 were treated on sunitinib 50 mg/d days 1-28, q6w in stage 1 of accrual and 14 were treated on Sunitinib 37.5 mg daily in stage 2

of accrual; #Data provided by the author.

EAPs) [3-5,14-16,27-43] 15 phase II trials were
single-arm studies and two phase II studies were
randomized trials. A total of 8014 patients were
included for the meta-analysis; 5498 of these
patients had RCC, and 2516 had other malignan-
cies. Sunitinib was administered at 37.5 mg daily
(continuous daily dosing) in 11 studies and at 50
mg once daily on a 4-weeks-on/2-weeks-off sched-
ule (intermittent dosing) in 11 studies. Bergh et al.
administered sunitinib 37.5 mg once daily on a
2-weeks-on/1-weeks-off schedule [15] and Motzer
et al. compared sunitinib 37.5 mg daily with suni-
tinib 50 mg daily on a 4-weeks-on/2-weeks-off
schedule in a randomized, phase II trial [27].
Patients with uncontrolled hypothyroidism were
generally excluded from these trials.

Owverall incidence of hypothyroidism

For the incidence analysis, a total of 6678 patients
from both randomized and non-randomized stud-
ies (six phase III, 17 phase II trials and one EAP)
were considered. In total 6660 patients were
included for all-grade hypothyroidism events, and
6678 were included for high-grade events. This
numerical difference was attributable to the fact
that one trial reported only high-grade events and
the others reported both all- and high-grade events.
All-grade hypothyroidism occurred in 504 of 6660
patients, conferring an incidence of 9.8% (95% CI
7.3-12.4%) (Table II). The test for heterogeneity
was significant for all-grade hypothyroidism
(Q=412.07; p<0.001; I2=94.7%) and the ran-
dom-effects model was used. High-grade hypothy-
roidism occurred in 28 of 6678 patients, conferring
an incidence of 0.4% (95% CI 0.3-0.5%).The test
for heterogeneity was not significant (Q = 14.75;
p=0.903; I?=0.0%) and the fixed-effects model
was used.

Relative risk of hypothyroidism

For the RR analysis, seven randomized trials with
a placebo or a control arm without sunitinib were
available (six phase III studies and one phase II
study, representing 2787 patients). In four trials
[4,5,15,17], the RR of all-grade hypothyroidism
was not statistically significant, while sunitinib was
associated with a significant risk of hypothyroidism
in three trials [3,14,16], creating a major discrep-
ancy. In addition, the RR with sunitinib for
high-grade hypothyroidism was not statistically
significant in any individual trial. The meta-
analysis showed a RR of all- and high-grade
hypothyroidism of 13.95 (95% CI 6.91-28.15;
p<0.00001) and 4.78 (95% CI 1.09-20.84;
p = 0.04), respectively (Figure 2). The fixed-effects
model was used because there was no significant
heterogeneity observed in the RR analysis of all-
grade hypothyroidism events (Q =3.44; p =0.49;
I1°=0%) or high-grade hypothyroidism events
(Q=1.08; p=0.78; I2=0%).

Subgroup analyses

As an exploratory analysis, we evaluated the inci-
dence and RR of all- and high-grade hypothyroidism
events based on the underlying malignancy (RCC vs.
non-RCC), the thyroid function monitoring sched-
ule (trials with vs. without regular monitoring), the
sunitinib dosing schedule (continuous daily dosing
vs. intermittent dosing) and the duration of treat-
ment with sunitinib (trials with long vs. short treat-
ment duration). The patients enrolled in trials with
longer treatment duration than the mean treatment
duration of all trials (3.5 months) demonstrated a
significantly higher incidence of all-grade hypothy-
roidism compared with those enrolled in trials with
shorter longer treatment duration (p =0.02). There
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Table II. Incidence of all- and high-grade hypothyroidism events from all included trials.

Author Year Phase Sample Size No. of Events Incidence (95% CI)
All-grade
Demetri [3] 2006 111 202 8 0.040 (0.013-0.066)
Motzer [4] 2007 111 375 61 0.163 (0.125-0.200)
Barrios [13] 2010 111 238 29 0.122 (0.080-0.163)
Raymond [5] 2011 I 83 6 0.072 (0.017-0.128)
Robert [15] 2011 I 235 0 0
Bergh [16] 2012 111 295 17 0.058 (0.031-0.084)
Rini [28] 2008 II 61 18 0.295 (0.181-0.410)
Kontovinis [29] 2009 I 42 5 0.119 (0.021-0.217)
George [30] 2009 I 60 9 0.150 (0.060-0.240)
George [31] 2009 I 52 16 0.308 (0.182-0.433)
Gore [32] 2009 EAP 4371 261 0.060 (0.053-0.067)
Fountzilas [33] 2010 II 17 1 0.059 (0-0.171)
MacKay [34] 2010 II 19 9 0.474 (0.249-0.698)
Machiels [35] 2010 I 38 5 0.132 (0.024-0.239)
Koeberle [36] 2010 II 45 5 0.111 (0.019-0.203)
Mayer [17] 2010 II RCT 23 0 0
Ping [38] 2011 I 22 2 0.091 (0-0.211)
Biagi [39] 2011 II 30 13 0.433 (0.256-0.611)
Buckstein [40] 2011 II 17 4 0.235 (0.034-0.437)
Schneider [41] 2011 I 16 2 0.125 (0-0.287)
Novello [42] 2011 I 64 1 0.016 (0-0.046)
Gervais [43] 2011 I 66 2 0.030 (0-0.072)
Motzer [27] 2012 IIRCT 289 30 0.104 (0.069-0.139)
Total 6660 504 0.098 (0.073-0.124)
Test for heterogeneity: Q=412.07; p<.001; I>*=94.7%
High-grade
Demetri [3] 2006 I 202 1 0.005 (0-0.015)
Motzer [4] 2007 I 375 6 0.016 (0.003-0.029)
Barrios [13] 2010 I 238 1 0.004 (0-0.012)
Raymond [5] 2011 111 83 0 0
Robert [15] 2011 111 235 0 0
Bergh [16] 2012 111 295 1 0.003 (0-0.010)
Rini [28] 2008 1T 61 0 0
Kontovinis [29] 2009 I 42 0 0
George [30] 2009 II 60 0 0
George [31] 2009 II 52 0 0
Gore [32] 2009 EAP 4371 18 0.004 (0.002-0.006)
Fountzilas [33] 2010 1I 17 0 0
MacKay [34] 2010 II 19 0 0
Machiels [35] 2010 I 38 0 0
Koeberle [36] 2010 II 45 0 0
Shanafelt [37] 2010 II 18 0 0
Mayer [17] 2010 IIRCT 23 0 0
Ping [38] 2011 I 22 0 0
Biagi [39] 2011 1T 30 0 0
Buckstein [40] 2011 I 17 0 0
Schneider [41] 2011 I 16 1 0.063 (0-0.181)
Novello [42] 2011 II 64 0 0
Gervais [43] 2011 II 66 0 0
Motzer [27] 2012 II RCT 289 0 0
Total 6678 28 0 0.004 (0.003-0.005)

Test for heterogeneity: Q=14.75; p=0.903; I>=0.0%

EAP, expanded access protocol; RCT, randomized controlled trial.
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All-grade
Sunitinib Control
Study Events Total Events Total Weight Relative Risk[95% CI] Relative Risk [95% CI]
1. Demetri 8 202 1 102 15.8%  4.04[0.51, 31.86] T
2. Motzer 61 375 3 360 36.4% 19.52[6.18, 61.65] —a—
3. Barrios 29 238 1 240 11.9% 29.24[4.02, 212.95] . —
4. Raymond 6 83 1 82 12.0% 5.93[0.73, 48.16) T =
5. Robert 0 235 0 236 Not estimable
6. Bergh 5 295 2 293 23.9% 8.44 [1.97, 36.22] —_——
7. Mayer 0 23 0 23 Not estimable
Total (95% CI) 1451 1336 100.0% 13.95[6.91, 28.15] ’ p < 0.00001
Total events 121 8
Heterogeneity: Q 3.34, df 4, p0.50, 170% YRR ; N 100
Favors Sunitinib Favors Control
High-grade
Sunitinib Control
Study Events Total Events Total Weight Relative Risk[95% CI] Relative Risk [95% CI]
1. Demetri 1 202 0 102 30.5% 1.52 [0.06, 37.04] L]
2. Motzer 6 375 0 360 23.5% 12.48[0.71,220.75] T
3. Barrios 1 238 0 240 229% 3.03[0.12, 73.89] -
4. Raymond 0 83 0 82 Not estimable
5. Robert 0 235 0 236 Mot estimable
6. Bergh 1 295 0 293 23.1%  2.98[0.12,72.85) o
7. Mayer 0 23 0 23 Not estimable
Total (95% Cl) 1451 1336 100.0%  4.78 [1.09, 20.84] ~a p=0.04
Total events 9 0
Heterogeneity: Q 1.08, df 3, P0.78, I°0% T T . e o

Favors Sunitinib  Favors Control

Figure 2. Forest plots of relative risk (RR) of all- and high-grade hypothyroidism events associated with sunitinib versus control. The size
of squares corresponds to the weight of the study in the meta-analysis. RR of all- and high-grade hypothyroidism was calculated using the
fixed-effects model.
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Table III. Relative risk and incidence of all- and high-grade hypothyroidism events stratified by underlying
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malignancy, monitoring, sunitinib dosing schedule or duration of treatment with sunitinib.

Incidence (95% CI)

P difference Relative Risk (95% CI) P difference

All-grade
RCC 13.4% (7.4-19.4) 0.21 19.3 (6.2-61.7) 0.43
Non-RCC 9.1% (5.9-12.2) 10.8 (4.4-26.2)
Regular monitoring (+) 20.2% (4.6-35.8) 0.17 5.9 (0.7-48.2) 0.42
Regular monitoring (—) 9.0% (6.4-11.6) 15.0 (7.1-31.8)
Continuous dosing 8.3% (4.7-11.9) 0.33 17.5 (4.3-72.2) 0.71
Intermittent dosing 10.9% (7.1-14.7) 12.8 (5.7-28.8)
Long treatment duration 12.5% (8.6-16.4) 0.02 13.6 (6.0-31.0) 0.91
Short treatment duration 6.5% (3.3-9.7) 14.8 (3.9-56.9)

High-grade
RCC 0.4% (0.1-0.7) 1.00 12.5 (0.71-220.8) 0.34
Non-RCC 0.4% (0.3-0.5) 2.4 (0.4-14.9)
Regular monitoring (+) 1.2% (0-2.7) 0.25 NA NA
Regular monitoring (—) 0.4% (0.3-0.5) 4.8 (1.1-20.8)
Continuous dosing 0.4% (0.1-0.7) 0.56 3.0 (0.3-28.8) 0.63
Intermittent dosing 0.5% (0.3-0.6) 6.3 (0.9-45.1)
Long treatment duration 0.4% (0.2-0.5) 1.00 7.7 (1.0-62.3) 0.41
Short treatment duration 0.4% (0.1-0.7) 2.2 (0.2-20.1)

RCC, renal cell cancer.
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was no statistically significant difference between the
other subgroups (Table III).

Publication bias

We found no evidence of publication bias for relative
risk of all- and high-grade hypothyroidism by
either the Egger’s or the Begg’s test (p>0.05). The
Egger’s test suggested evidence of publication bias
for incidence of all-grade hypothyroidism, while the
Begg’s tests showed no evidence of bias (p>0.05).
This difference in the results obtained from the
two methods may be due to a greater statistical
power of the Egger test [44]. Evidence of publica-
tion bias was only observed by both the Egger’s
and the Begg’s test for incidence of high-grade
hypothyroidism (p <0.05).

Discussion

To our knowledge, this is the first meta-analysis to
evaluate the risk of hypothyroidism in patients
treated with the tyrosine kinase inhibitor (TKI)
sunitinib. Our analysis of data from phase II and III
randomized controlled trials showed a significant
increased risk of all- and high-grade hypothyroidism
with this agent. This study also demonstrated the
overall incidence of hypothyroidism (all-grade:
9.8%, high-grade: 0.4%) by the analysis of pub-
lished phase II and III trials and expanded access
programs of sunitinib.

The incidence of all-grade hypothyroidism in
our analysis is lower than the 27% to 85% range in
prospective observational studies [18-22]. First,
this likely reflects the fact that thyroid function tests
(TFTs) were obtained only from symptomatic
patients in most of the trials included in our analy-
sis while the prospective observational studies
checked TFTs routinely. Second, the shorter (3.5
months) average duration of sunitinib treatment
among the trials included our study compared with
7.3-9.3 months in the prospective observational
studies [18,20], may explain our finding of a lower
incidence of hypothyroidism. Desai et al. reported
that the risk for hypothyroidism increased with
duration of sunitinib therapy [18]. And we revealed
a significantly higher incidence of all-grade hypo-
thyroidism in patients with longer treatment dura-
tion. Finally, the definition of hypothyroidism may
have affected the incidence rate. The trials in our
meta-analysis utilized the Criteria for Adverse
Events (CTCAE) based on the presence of symp-
toms and need for thyroid replacement [25], with-

out reporting criteria for TFT abnormalities. The
use of TFTs in prospective observational studies
may have resulted in better recognition and higher
incidence of mild or subclinical hypothyroidism.
Interestingly, Feldman et al. only obtained TFTs in
symptomatic patients enrolled in prospective clini-
cal trials with sunitinib for metastatic renal cell car-
cinoma and observed a lower incidence of
hypothyroidism (18%) [45].

Several potential mechanisms of sunitinib-
induced thyroid dysfunction have been proposed.
Desai et al. suggested destructive thyroiditis
because of the high incidence of transient thyro-
toxicosis prior to developing hypothyroidism [18].
However, a number of other studies have shown
recovery of TSH values to the normal range fol-
lowing treatment with sunitinib, which does not
support the hypothesis of destructive thyroiditis
[20,46]. Mannavola et al. proposed inhibition of
iodide uptake based on clinical studies of thyroid
radioiodine uptake [19], but in vitro studies showed
no impairment of iodide uptake [47]. Wong et al.
showed that sunitinib impairs peroxidase activity
in vitro [48], but this has not yet been confirmed
in vivo. Doreen Braun et al. showed that sunitinib
non-competitively inhibited thyroid hormone
transport mediated by the transmembrane trans-
porter MCTS8 in vitro. However, the therapeutic
plasma level of sunitinib is one order of magnitude
below the in vitro IC50 [49]. Since sunitinib inhib-
its VEGF receptors as a principal mechanism of its
action on tumors, regression of the thyroid vascu-
lar bed induced by VEGF inhibition is the likely
explanation. Supporting evidence for this theory
includes mouse studies that have shown glandular
capillary regression with TKI exposure [50].
Makita et al. reported thyroid volume and blood
flow were both reduced on sunitinib compared to
values obtained when sunitinib was stopped [51].
It has been postulated that rapid reduction in thy-
roid cell perfusion could result in thyroiditis, lead-
ing to a transient thyrotoxicosis and a slower
decrease in the blood flow could cause gradual thy-
roid destruction, resulting in hypothyroidism.
Decreased blood flow may also explain the reduced
glandular uptake of radioiodine [52]. However,
Mannavola et al. did not detect changes in thyroid
volume with ultrasonography or vascularity with
echo-color Doppler between before and during
sunitinib treatment [19]. Further studies are
needed to uncover the mechanism of sunitinib-
induced hypothyroidism.

Correlations between efficacy of sunitinib in
patients with advanced renal cell carcinoma (RCC)
and hypothyroidism were reported. First, in the
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Wolter et al. study of sunitinib for advanced RCC,
median progression-free survival (PFS) was respec-
tively 10.3 and 3.6 months with and without thy-
roid function abnormalities (p=10.047) [53].
Second, Schmidinger et al. showed that patients
with subclinical hypothyroidism during sunitinib
or sorafenib treatment had a statistically significant
improvement of overall survival (not reached in
hypothyroid patients vs. 13.9 months in euthyroid
patients; p = 0.016) [54]. Finally, Riesenbeck et al.
studied patients with metastatic RCC who received
sunitinib or sorafenib. Hypothyroidism was associ-
ated with a longer PFS (16.0 months vs. 6.0
months, p =0.032) [55]. A possibility thyroid hor-
mone may be permissive for tumor growth has
been noted but remains controversial [56]. Inter-
estingly, the application of levothyroxine did not
have an influence on survival in these patients
[54,55]. However, Sabatier et al. showed that
among RCC patients treated with sunitinib, PFS
between hypothyroid patients with thyroid hor-
mone replacement was not significantly different
from patients without thyroid dysfunction (18.9
and 15.9 months, p =0.94) [57]. Therefore, it is
still unclear whether hypothyroidism is a biomarker
for efficacy of sunitinib in patients with cancer or
a hypothyroid state is associated with improved
outcomes.

Management of sunitinib-associated hypothy-
roidism remains controversial. Most authors agree
that any preexisting hypothyroidism should be
detected and treated before starting sunitinib treat-
ment [58]. The most recent package insert recom-
mends thyroid function should be checked when
patients develop signs and/or symptoms suggestive
of thyroid dysfunction [23]. Based on our finding
here, we suggest that thyroid function should be
monitored regularly during treatment with sunitinib.
However, the frequency at which TSH should be
measured is unknown. For patients receiving suni-
tinib on a 4-week ON/2-week OFF schedule, Wolter
et al. proposed measuring TSH on day 1 and 28 of
the first four cycles, then on day 28 of every third
cycle [20]. In contrast, Torino et al. propose measure-
ment of TSH on day 1 of every cycle of sunitinib
treatment [59]. Checking serum TSH concentration
on day 1 of each cycle has also been suggested by
Illouz et al. [60].

Although thyroid function test abnormalities
caused by sunitinib are not always of clinical
importance, serious complications such as myxe-
dema coma and metabolic adverse effects such as
hypercholesterolemia have been reported with
sunitinib [19,45]. In most patients, hypothyroid-
ism can be controlled with thyroid hormone
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[18,20]. Therefore, starting thyroid hormone
replacement in the setting of sunitinib-induced
overt hypothyroidism is generally accepted. A ‘safe’
serum TSH level remains to be defined because no
prospective studies are available to evaluate the
advantage of treatment of subclinical hypothyroid-
ism in patients treated with sunitinib. As recom-
mended by American Thyroid Association
guidelines, initiating thyroid hormone when TSH
rises to 10 mIU/ml or between 5 and 10 mIU/ml
with clinical symptoms that can be linked to hypo-
thyroidism, may be warranted until further clinical
evidence becomes available [61]. A potential prob-
lem with this algorithm is the difficultly in attribut-
ing non-specific symptoms such as fatigue and hair
and skin changes to hypothyroidism. These symp-
toms could be due to an adverse event of sunitinib
independent of thyroid dysfunction or underlying
cancer itself [22,62].

The results described here are affected by the
limitations of individual clinical trials that were
included in this meta-analysis. First, baseline thy-
roid function was not mentioned in all of these
trials. This could lead to an overestimation of new
onset hypothyroidism. However, this is unlikely
because the incidence of all-grade hypothyroidism
of 4.0% (95% CI 1.0-7.0%) in patients who
received the control treatment in our meta-analysis
was at the low end of the baseline frequency in an
adult population of 4-8% [61]. In addition, it is
doubtful that the baseline thyroid function biased
the relative risk because it was calculated using
randomized controlled clinical trials, with direct
comparison with and without sunitinib. Second,
evidence of publication bias was observed for the
incidence of high-grade hypothyroidism by both
the Egger’s and the Begg’s test. This might be
related to the large number of trials included in
the analysis, the inclusion of small studies and the
between-trial heterogeneity. The main concern is
whether the existence of small-study effects would
affect the conclusions of our study. Cumulative
meta-analysis plots of high-grade hypothyroidism
did not show shift in the cumulative effect size
adding smaller studies (data not shown). This sug-
gests that our results are not biased by smaller
studies.

In conclusion, this study demonstrates that suni-
tinib, a multi-tyrosine kinase inhibitor, is associated
with a significant risk of developing all- and high-
grade hypothyroidism. This study provides further
evidence for routine thyroid function monitoring in
patients treated with sunitinib to detect hypothy-
roidism at an early stage and treat it properly in
order to prevent serious complications.
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