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Background: We performed a systematic review and meta-analysis to determine the efficacy
and safety of the US Food and Drug Administration approved vascular endothelial growth
factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) in the treatment of advanced thyroid
cancer.

Patients and methods: We included prospective randomized controlled trials that compared
VEGFR-TKIs with placebo for advanced thyroid cancer. The endpoints included safety (fatal
adverse events [FAEs], treatment discontinuation, and any severe [grade 3 or 4] adverse events
[AEs]) and efficacy (objective response rate, progression-free survival, and overall survival).
The pooled relative risk (RR) or hazard ratio (HR) was calculated by using either random-effects
or fixed-effects models according to the heterogeneity of included studies.

Results: A total of 1,614 advanced thyroid cancer patients from five randomized controlled
trials were identified for analysis. Compared with placebo alone, VEGFR-TKIs significantly
increased the risk of treatment discontinuation (RR: 3.80, 95% confidence interval [CI]:
2.56-5.65, P<<0.001) and any severe AEs (RR: 2.63, 95% CI: 1.72-4.03, P<<0.001), but not of
FAEs (RR: 1.24, 95% CI: 0.65-2.39, P=0.52). The use of VEGFR-TKISs in advanced thyroid
cancer was associated with a significant improvement in objective response rate (RR: 8.73,95%
CI: 1.72-44.4, P=0.009) and progression-free survival (HR: 0.41, 95% CI: 0.27-0.61, P<<0.001),
with a tendency to improve overall survival (HR: 0.83, 95% CI: 0.68-1.01, P=0.06).
Conclusion: The use of small-molecule VEGFR-TKIs in advanced thyroid cancer did sig-
nificantly increase the risk of treatment discontinuation and any severe AEs, but not of FAEs,
compared with placebo alone. It is important for physicians to weigh the risk of toxicities as
well as the potential survival benefits associated with VEGFR-TKI treatment in advanced
thyroid cancer patients.
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Introduction

Thyroid cancer is the most common neoplasm of the endocrine system with incidence
rates steadily increasing over the past 10 years.' In 2014, ~62,980 new cases of thyroid
cancer were diagnosed and ~1,890 cancer deaths occurred from the disease in USA.?
Although the prognosis is excellent for the majority of patients treated by surgery,
thyroid-stimulating hormone-suppressive therapy, and radioiodine ablation, with an
overall survival rate of 97.7% at 5 years,’ local recurrence occurs in up to 20% of
patients and distant metastases in ~10% at 10 years.* Until now, the medical approach
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for the treatment of advanced or metastatic thyroid cancer
refractory to conventional treatment is considered particu-
larly challenging and few therapeutic options are available
for these patients. Historically, the role of cytotoxic chemo-
therapy has been quite limited in these patients due to low
efficacy and unfavorable toxicity profile when used.’

In the past decades, a better understanding of the molecu-
lar events involved in the tumorigenesis of thyroid cancers
has led to development of new targeted agents for the
management of advanced and refractory disease. Previous
research has shown that vascular endothelial growth factor
(VEGF) is overexpressed and its main receptor VEGFR-2
is upregulated in many thyroid cancers, which is associ-
ated with neoplastic progression and aggressiveness.® The
VEGF and its receptors are, therefore, regarded as attrac-
tive therapeutic targets in the treatment of thyroid cancers.’
Since 2011, four tyrosine kinase inhibitors (TKIs) targeting
vascular endothelial growth factor receptor (VEGFR) have
been approved by the US Food and Drug Administration for
thyroid cancer: cabozantinib and vandetanib for medullary
thyroid cancer and sorafenib and lenvatinib for differenti-
ated thyroid cancer. All of the four drugs are multikinase
inhibitors that act on multiple molecular pathways involved
in growth, angiogenesis, and local and distant spread of thy-
roid cancer.® Sorafenib is a multitargeted TKI with inhibitory
activity against VEGFR-2 and -3, c-Kit, platelet-derived
growth factor receptor (PDGFR), rearranged during transfec-
tion (RET)/papillary thyroid carcinoma, and Rafkinases, and
the Raf/Mek/Erk pathway (MAPK pathway).” Vandetanib
has a low molecular weight and a good inhibitory activity
against VEGFR-2, and targets VEGFR-3, EGFR, and RET
kinases.!” Sunitinib (SU011248) is a selective inhibitor of
VEGFR-1, -2, and -3, PDGFR, c-Kit, and RET/papillary
thyroid carcinoma subtypes 1 and 3."" Lenvatinib is an oral,
multitargeted TKI of VEGFR-1, -2, and -3, fibroblast growth
factor receptor-1, -2, -3, and -4, PDGFR-0, RET, and KIT.!?
To our best knowledge, there is no meta-analysis to assess
the overall efficacy and toxicities of these four approved
VEGFR-TKIs in advanced thyroid cancer. We, therefore,
conducted this comprehensive meta-analysis to assess the
efficacy and toxicities of approved VEGFR-TKIs in advanced
thyroid cancer.

Methods

Data sources

Selection of studies

The Cochrane Central Register of Controlled Trials, PubMed
(up to October 2015), and Web of Science (up to October
2015) databases were searched for articles. The search was

extended to abstracts from oncology meetings containing
the same terms (“VEGFR-TKIs”, “vandetanib”, “sorafenib”,
“lenvatinib”, “cabozantinib”, “advanced thyroid cancer”,
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“metastatic thyroid cancer”, “randomized controlled trial”,
and “humans”). Using the same search terms, we also
searched abstracts and virtual meeting presentations from
the American Society of Clinical Oncology conferences
held up to October 2015 in order to identify relevant trials.
An independent search of the Web of Science, Embase, and
Cochrane electronic databases was also performed to ensure

that no additional clinical trials were overlooked.

Data extraction and clinical end points

Data extraction and analysis were conducted independently
by two independent investigators and any discrepancy was
resolved by consensus according to the Quality of Reporting
of Meta-Analyses guidelines.'

Clinical trials that met the following criteria were
included: 1) Phase II and III trials in patients with advanced
thyroid cancer; 2) random assignment of participants to
treatment with VEGFR-TKIs or placebo alone; and 3) report-
ing data for at least one of the safety or efficacy outcomes.
Independent reviewers screened reports that included the
key terms by their titles and abstracts for relevance. Then,
full texts of the relevant articles were retrieved to assess
eligibility.

For each study, the following information was extracted:
year of publication; first author; number of enrolled sub-
jects; number of patients in each arm; median age; doses
of VEGFR-TKIs administered; combination drug; median
progression-free survival (PFS) (time to progression if not
available), median overall survival (OS), objective response
rate (ORR), fatal adverse events (FAEs), hazard ratios (HRs)
for PFS and OS, treatment discontinuation related to adverse
events (AEs), and any severe AE. The quality of included
trials was rated using the five-point Jadad scale, which was
based on the reporting of randomization method, blinding
method, and withdrawals and dropouts.'

Statistical analysis

Incidence, relative risk (RR), and corresponding 95% confi-
dence intervals (CIs) were the summary measures of ORR,
FAEs, treatment discontinuation related to AEs, and any
severe (grade 3 or 4) AE. We calculated the RRs and CIs,
comparing the incidence of each AE in patients assigned to
VEGFR-TKIs with those assigned to placebo alone in the
same trial. For one study that reported zero events in the
treatment or control arm, we applied the classic half-integer
correction to calculate the RR and variance.'> The summary
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measures of PFS and OS were HR and the corresponding
95% CIs, which were extracted from each randomized
controlled trial (RCT). For each meta-analysis, the Cochran
Q statistic and I* score were first calculated to determine
heterogeneity among the proportions of the included trials.'®!”
For P<<0.10 values of the Cochran Q statistic, the assumption
of homogeneity was deemed invalid and a random-effects
model was reported.'® Otherwise, results from the fixed-
effects model were reported. Finally, potential publication
biases were evaluated for severe AEs using Begg’s and
Egger’s tests.”” A two-tailed P-value of <0.05 without
adjustment for multiplicity was considered statistically sig-
nificant. The results of the meta-analysis were reported as
classic forest plots. All statistical analyses were performed
by using Version 2 of the Comprehensive MetaAnalysis
program (Biostat, Englewood, NJ, USA).

Results

Search results

A total of 146 studies were identified from the database search,
of which 141 reports were retrieved for full-text evaluation.
Five trials met the inclusion criteria and were included in
this systematic review (Figure 1).2°3 Table 1 shows the
characteristics of the included studies. Overall, a total of
1,614 patients were included for analysis. According to the
inclusion criteria of each trial, patients were required to have
an adequate renal, hepatic, and hematologic function. In all
trials, randomization was between doublet combination group
and single agent group. The quality of each included study
was roughly assessed according to Jadad score, and all of
these trials were double-blind, placebo-controlled trials and
thus had a Jadad score of 5.

146 published articles
identified through
database searching

117 excluded after screening
"] of title and abstract

A4
29 references selected
for full-text retrieval

24 trials excluded:
Single-arm prospective
clinical trials

A4
5 prospective randomized
controlled trials for analysis

Figure | Studies eligible for inclusion in the meta-analysis.

Safety of VEGFR-TKIs versus placebo

Fatal adverse events

FAEs were diagnosed in 43 patients: 31 (2.7%, 95% CI:
1.2%—6.3%) in VEGFR-TKI arms and 12 (1.7%, 95% CI:
0.5%-5.8%) in placebo arms. The RR obtained for the
studies ranged from 1.01 to 6.55. Overall, no increased
risk was observed for the studies (RR=1.24; 95% CI:
0.65-2.39; P=0.52) (Figure 2A) using a fixed-effects model
(=0, P=0.81).

Any severe AEs

The incidence of any severe AE related to VEGFR-TKIs
and placebo alone was, respectively, 52.2% (95% CI:
43.3%—-60.8%) and 46.6% (95% CI: 32.9%—-60.9%) by using
the random-effects model. The use of VEGFR-TKIs signifi-
cantly increased the risk of any severe AEs, when compared to
placebo (RR=2.63, 95% CI: 1.72—4.03, P<<0.001) (Figure 2B)
using a random-effects model (/’=79.7, P=0.001).

Treatment discontinuation

The incidence of treatment discontinuation due to VEGFR-
TKIs and placebo alone was, respectively, 17.7% (95%
CI: 13.0%-23.8%) and 4.6% (95% CI: 2.9%-7.2%) by
using the random-effects model. The risk of discontinuing
treatment because of AEs was higher with the use of
VEGFR-TKIs compared with the controls (RR: 3.80, 95%
CI: 2.56-5.65, P<<0.001) (Figure 2C). The test for hetero-
geneity was nonsignificant and a fixed-effects model was
used (P”=25.6, P=0.25).

Efficacy of VEGFR-TKIs versus placebo
Overall survival

The pooled HR for OS did not show significant difference
between VEGFR-TKIs and placebo alone (HR: 0.83, 95%
CIL: 0.68-1.01, P=0.06) (Figure 3A). The fixed-effects model
was used because there was no significant heterogeneity
(P=0.90, ’=0).

Progression-free survival

In comparison with placebo alone, VEGFR-TKIs sig-
nificantly improved PFS (HR: 0.41, 95% CI: 0.27-0.61,
P<0.001) (Figure 3B). The test for heterogeneity was sig-
nificant and a random-effects model was used (P<<0.001,
P=89.3).

Objective response rate

In comparison with placebo, the use of VEGFR-TKIs sig-
nificantly improved ORR (RR: 8.73, 95% CI: 1.72-44.4,
P=0.009) (Figure 3C). The test for heterogeneity was
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Table | Baseline characteristics of the five trials included for analysis

Author (year) Phase  Total Age Treatment regimens No for FAEs Median PFS  Jadad
patients (years) analysis (months) score
Leboulleux et al*? (2012) Il 145 63 Vandetanib 300 mg qd po 72 2 (AN 5
64 Placebo 73 | 59
Wells et al*® (2012) LI} 331 50.7 Vandetanib 300 mg qd po 231 5 30.5 5
53.4 Placebo 100 2 19.3
Elisei et al® (2013) 1] 330 55 Cabozantinib 140 mg qd po 214 17 1.4 5
55 Placebo 109 8 4
Brose et al’' (2014) 1] 416 63 Sorafenib 400 mg bid po 207 12 10.8 5
63 Placebo 209 6 5.8
Schlumberger et al** (2015) 1] 392 64 Lenvatinib 24 mg qd po 261 6 18.3 5
6l Placebo 131 0 3.6
Abbreviations: bid, twice daily; FAEs, fatal adverse events; PFS, progression-free survival.
A
Study name Statistics for each study Events/total Risk ratio and 95% CI
Risk Lower Upper Z-value P-value Group-A Group-B
ratio  limit limit
Leboulleux et al®? 2.028 0.188 21.872 0.583 0.560 2/72 173 |
Wells et al*® 1.082 0.214 5.485 0.095 0.924 5/231 2/100
Elisei et al?® 1.082 0.482 2428 0.192 0.848 171214 8/109
Brose et al®! 1.010 0.064 16.035 0.007 0.995 1/207 1/209
Schlumbergeretal® 6.550 0.372 115.380 1.284 0.199 6/261 0/131
Pooled results 1.241 0.646 2.386 0.648 0.517 31/985 12/622 *
01 02 0.5 1 2 5 10
VEGFR-TKIs Placebo
B
Study name Statistics for each study Events/total Risk ratio and 95% CI
Risk Lower Upper Z-value P-value Group-A Group-B
ratio  limit limit
Leboulleux et al*? 4281 2236 8.197 4.388 0.000 38/72 9/73
Wells et al*® 2973 1.824 4.844 4.374 0.000 103/231  15/100
Elisei et al?® 2.094 1.580 2.776 5.138 0.000 148/214  36/109
Brose et al®! 1414 1.060 1.885 2.357 0.018 77/207 55/209 -.-
Schlumbergeretal® 4.956 2471 9.944 4.506 0.000 79/261 8/131
Pooled results 2631 1.720 4.025 4.459 0.000 445/985  123/622
01 0.2 0.5 1 2 5 10
VEGFR-TKIs Placebo
Cc
Study name Statistics for each study Events/total Risk ratio and 95% CI
Risk Lower Upper Z-value P-value Group-A Group-B
ratio  limit limit
Leboulleux et al*? 6.083 2222 16.656 3.514 0.000 24/72 4/73 —-.—)‘
Wells et al®® 4.040 1.257 12.983 2.345 0.019 28/231 3/100 L
Elisei et al® 1.981 0.988 3.970 1.927 0.054 35/214 9/109
Brose et al*' 4922 2358 10.276 4.244 0.000 39/207 8/209
Schlumbergeretal® 6.190 1.945 19.701  3.086 0.002 37/261 3/131 1
Pooled results 3.802 2559 5.648 6.611 0.000 163/985  27/622
0.1 02 0.5 1 2 5 10
VEGFR-TKIs Placebo

Figure 2 Risk of severe adverse outcomes associated with VEGFR-TKIs treatment compared with placebo treatment: (A) FAEs, (B) any severe adverse events, and

(C) treatment discontinuation.
Notes: Group A: VEGFR-TKIs group; Group-B: placebo group.

Abbreviations: Cl, confidence interval; FAEs, fatal adverse events; VEGFR-TKIs, vascular endothelial growth factor receptor tyrosine kinase inhibitors.
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A
Study name Statistics for each study

Hazard ratio  Lower limit  Upper limit
Leboulleux et al*? 0.830 0.519 1.327
Wells et al®® 0.890 0.480 1.650
Elisei et al® 0.980 0.631 1.522
Brose et al*' 0.800 0.539 1.188
Schlumberger et al®*  0.730 0.499 1.068
Pooled results 0.827 0.679 1.008
B
Study name Statistics for each study

Hazard ratio  Lower limit  Upper limit
Leboulleux et al* 0.630 0.538 0.737
Wells et al®® 0.460 0.308 0.686
Elisei et al® 0.280 0.193 0.406
Brose et al*' 0.590 0.454 0.767
Schlumberger et al®®*  0.210 0.141 0.312
Pooled results 0.408 0.273 0.608

C
Study name Statistics for each study
Risk Lower Upper Z-value P-value
ratio limit limit
Leboulleux et al® 1.521 0.448 5.165 0.672 0.501
Wells et al®® 1.499 0.847 2.652 1.389 0.165
Elisei et al® 62.930 3.929 1,007.854 2.927 0.003
Brose et al*' 24612 3.362 180.174 3.154 0.002
Schlumberger et al®®* 42.412 10.689 168.279 5.329 0.000
Pooled results 8.725 1.715 44.402 2.609 0.009

Hazard ratio and 95% CI

Z-value  P-value
-0.778 0.437
-0.370 0.711
—-0.090 0.928
-1.107 0.268
-1.621 0.105
—1.881 0.060
0.1 0.2 0.5 1 2 5 10
VEGFR-TKIs Placebo
Hazard ratio and 95% CI
Z-value  P-value
-5.748  0.000 B
-3.804 0.000
-6.703 0.000
-3.947 0.000
—7.696 0.000
—4.398 0.000
0.1 0.2 0.5 1 2 5 10
VEGFR-TKIs Placebo
Events/total Risk ratio and 95% CI
Group-A Group-B
6/72 473 ! B
45/231 13/100
61/214 0/109
24/196 1/201
169/261  2/131
305/974 27/614
01 0.2 0.5 1 2 5 10
Placebo VEGFR-TKIs

Figure 3 Efficacy associated with VEGFR-TKIs treatment compared with placebo treatment: (A) OS, (B) PFS, (C) ORR.
Abbreviations: Cl, confidence interval; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; VEGFR-TKIs, vascular endothelial growth factor

receptor tyrosine kinase inhibitors.

significant and a random-effects model was used (’=86.6,
P<0.001).

Publication bias

No publication bias was detected with Begg’s or Egger’s test
for the efficacy and AEs studied, except for any severe AEs
(Begg’s test, P=0.05; Egger’s test, P=0.04) (Table 2).

Discussion

Increased vascularity has been reported in thyroid cancer.
Angiogenesis, especially VEGF signal pathway, plays a
pivotal role in tumor growth, progression, and metastasis.*3
Previous research had demonstrated that thyroid cancer cell
lines were characterized by high expression of both VEGF
and its receptors. Thus, the VEGF signal pathway has been

targeted as a therapeutic option for thyroid cancer. In fact, four
VEGFR-TKIs including vandetanib, sorafenib, lenvatinib, and
cabozantinib have been approved by the US Food and Drug
Administration for use in radioiodine-refractory differentiated
thyroid cancer or medullary thyroid cancer;*” thus, it is
anticipated that the use of VEGFR-TKIs would be increasing

Table 2 Publication bias by Begg’s and Egger’s tests (P-value)

Begg’s test Egger’s test

Overall survival 0.14 0.37
Progression-free survival 0.14 0.08
Objective response rate 0.22 0.10
Fatal adverse event 0.08 0.23
Treatment discontinue 0.62 0.27
Any severe adverse events 0.05 0.04
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in the near future. In contrast with traditional chemotherapy
agents, VEGFR-TKIs present an anti-VEGF toxicity pro-
file, such as hypertension,**? proteinuria,* thrombosis,**
and hemorrhage.*® However, the toxicities associated with
VEGFR-TKIs in advanced thyroid cancer remains unknown.
Moreover, the overall efficacy of VEGFR-TKIs in these
patients has not been comprehensively assessed.

Our study, which included 1,614 patients from five RCTs,
demonstrates that the use of VEGFR-TKIs in advanced thy-
roid cancer significantly improves ORR and PFS, and there
is also a tendency to improve OS in comparison with the pla-
cebo groups. Safety of systematic treatments is of particular
importance in palliative setting in advanced thyroid cancer
patients, given the potential negative impact on benefit ratio
and quality of life. As for toxicities, a previous meta-analysis
conducted by Hong et al*’ reported that the use of VEGFR-
TKIs significantly increased the risk of FAEs when compared
with controls (odds ratio: 1.85, 95% CI: 1.33-2.58, P<<0.01),
while subgroup analysis according to tumor types showed
that the use of VEGFR-TKIs did not significantly increase the
risk of FAEs (odds ratio: 2.25, 95% CI: 0.61-8.30, P=0.22).
Findings of our study indicate that the use of VEGFR-TKIs
significantly increased the risk of treatment discontinuation
and any severe AEs, but not of FAEs, which is consistent
with the findings of a previous study. Based on our results,
we conclude that VEGFR-TKIs could be recommended for
use in advanced thyroid cancer due to their potential survival
benefits, although the use of these drugs would increase the
risk of developing treatment discontinuation and any severe
AEs, but not of FAEs. Long-term follow-up studies for OS
of advanced thyroid cancer patients receiving these VEGFR-
TKIs are still needed because survival data in these published
studies are immature at the time of analysis.

Our study has several limitations. First, this meta-analysis
only considers published literature, and lack of individual
patient data prevents us from adjusting the treatment effect
according to disease and patient variables. Second, toxicity
data in RCTs have been reported to be suboptimal and vari-
able as toxicity is usually not the primary outcome measure.
Furthermore, there is some degree of subjectivity in the
process by which investigators in trials adjudicate whether a
patient’s death was the result of an AE, cancer progression, or
other unrelated causes. Third, these studies exclude patients
with poor renal, hematological, and hepatic functions, and
are performed mostly at major academic centers and research
institutions; the analysis of these studies may not apply to
patients with organ dysfunctions and in the community.
Finally, as in all meta-analyses, our results may be biased as

aresult of potential publication bias. However, a funnel plot
evaluation for AEs and efficacy does not indicate publication
bias except for any severe AEs.

Conclusion

In conclusion, the use of small-molecule VEGFR-TKIs in
advanced thyroid cancer does significantly increase the risk
of developing treatment discontinuation and any severe AEs,
but not of FAEs, compared with placebo alone. Addition-
ally, the use of VEGFR-TKIs in advanced thyroid cancer
significantly improves ORR and PFS, and has a tendency to
improve OS. These observations may aid medical oncologists
in weighing up the risks and benefits associated with VEGFR-
TKIs in treating patients with advanced thyroid cancer.
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